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THELEGISLATIVEOUTLOOKRELATINGTOMOSQUITOCONTROL

Myrelationshipswiththestatelegislatureusuallyinvolve
personalcontactswithlegislatorsonamantomanbasisI
representmorethan300specialdistrictsofmanytypes
includingmosquitoabatementdistrictsabout15ofwhich
belongtotheCaliforniaSpecialDistrictsAssociation
CSDAManymoreshouldbemembersformutualbenefit

Duringthe1972legislativesessiontheCaliforniaMos
quitoControlAssociationCMCAobtainedtheaddition
ofthewordvectortotheHealthandSafetyCodeThis
wasnotacontroversialissuebutforafewdaysprivatepest
controlpeoplethoughtthechangemightrestricttheiractivi
ties

Mosquitocontrolagenciesaredeeplyinvolvedinthe
allocationoftaxesasaresultofSenateBill90whichmakes
itnecessaryforlocalgovernmentstousethereferendum
processtoincreasetheirtaxrateabovethe197273level
Countygovernmentsmaychoosethe197172orthe1972
73fiscalyearasabaseInthenearfuturespecialdistricts
willprobablybegiventhesameoptionasthecountygov
ernments

Mosquitoabatementdistrictsareconcernedwithenceph
alitisOneofmy17clientsisanassociationof1500breed
ersofthoroughbredhorsesTheyweregravelyconcernedin
1971bythethreatofVenezuelanencephalitissotheyare
interestedinyourprogramandinresearchtoprovidetech
nicalsupportforprogramstopreventVEE

Thepeoplevotedatthelastelectiontoputthelegisla
tureontwoyearinsteadofoneyearsessionsItwassaid
thatthiswouldcutthecostofstategovernmentreduce
thenumberofbillsandresultinhigherqualitylegislation
IdonotbelievethisislikelytohappenThelegislature
operatesunderacommitteesystemandbothhouseshave
comparablecommitteesForexampleabillintroducedinto
theAssemblywillgothroughapolicycommitteeandifit
hasfinancialimplicationsthroughtheWaysandMeans
CommitteeintheAssemblyandtheFinanceCommitteein
theSenateTobecomelawabillhastorunthiscourse

throughbothhousesandsubsequentlybesignedbythe
GovernorUnderthenewruleswhichareverysimilarto

RobertJBeckus

CaliforniaAdvocatesInc
and

CaliforniaSpecialDistrictsAssociation

925LStreetSacramentoCalifornia95814

1

January28 311973

thoseoftheUSCongressabillintroducedintheAssem
blycanlanguishthereoritcanbepassedtotheSenateat
anytimeuptothelastmonthoftheyearTheSenatemay
thentakeallofthenextyeartoactuponitIfthebill
doesnotgetoutofthehouseoforiginduringthefirstyear
itdiesautomaticallyandtheauthorcannotintroduceasim
ilarbillduringthesecondyear

TheCouncilonIntergovernmentalRelationsCIRhas
beenmainlyadonothingbodymeetingbutwithlittle
authorityIn1971itwasmodifiedtoprovidefortheaddi
tionofthreerepresentativesofspecialdistrictstobeselect
edbyCSDATheGovernorisnowgivingconsiderableat
tentiontolocalgovernmentAsteeringcommitteemadeup
ofLtGovernorReineckeandseveralagencysecretaries
willemployataskforceofthreeorfourindividualswho
inturnwillselectpersonsfamilarwithcountycityand
specialdistrictgovernmentstoserveonthetaskforceThe
CIRisgoingthroughaneducationalprocessandmaybe
expectedtogivemoreconsiderationtotheviewsofthe
specialdistricts

ThreeyearsagotheLocalAgencyFormationCommis
sionLAFCOlawwasamendedtosetupaprocesswhereby
specialdistrictscouldobtainrepresentationThisprocess
wasfollowedinSanDiegoandRiversideCountiesandthe
programhasworkedwellHowevertherearedifficultiesin
SanBernardinoSacramentoandVenturaCountieswhere
specialdistrictsevidentlyarenotregardedasacceptable
bodiesoflocalgovernmentandwheretheirrepresentation
onLAFCOapparentlyisnotwantedThisyearanother
stepisbeingtakensothatwherespecialdistrictsrepresent
astatedportionoftheassessedvaluationwithinacounty
theywillbeentitledtorepresentationoneachcounty
LAFCOItisimpracticaltodemandthateveryLAFCOhave
specialdistrictrepresentationbecauseinsomeofthe58
countiestherearenospecialdistrictsHoweverwherespe
cialdistrictsareprovidingessentialservicestheyobviously
shouldberepresentedinplanningfortheorderlydevelop
mentoffuturegovernmentorganizationandservices



EPA ITSIMPACTUPONCALIFORNIAMOSQUITOCONTROL

GerogeWMilias

EnvironmentalProtectionAgency
100CaliforniaStreetSanFranciscoCalifornia94111

TheEnvironmentalProtectionAgencyEPAisafledg
lingfederalagencyaspinofffromtheoldWaterQuality
Administrationandotherenvironmentrelatedactivities
Onepartisinvolvedintheresearchandtechnicalaspectsof
environmentalproblemsandemploysalargeresearchstaff
Theotherportionisinvolvedintheroleofpolicemenof
theenvironmentTheCongressoftheUnitedStatespassed
someverystronglegislationduringthepastthreesessions
Individualcongressmenshouldnotbeblamedforsomeof
thelanguagethatwentintotheActbutthetechnicians
whodraftedthelegislationmanagedtogetmanykindsof
littleanglesandquirksintoitEPAmustfirsttrytointer
pretwhatCongressreallymeantthenhowthisinterpreta
tioncanbecarriedintoeffectwithoutliterallyattempting
toshutdowntheworld

Mosquitocontrolagencieswilloccasionallycomeinto
contactwithEPAparticularlyinrelationtochangesinthe
lawoninsecticidesandherbicidesThenew1972actcom
pletelyrevisedtheFederalInsecticideFungicideandRoden
ticideActFIFRAwhichhasbeenthebasicauthorityfor
pesticideregulationssince1947Underthenewacttwouse
categoriesforpesticidesaresetup generalandrestricted

Restrictedusepesticidescanbeusedonlybycertified
applicatorsTheseareproductswhichcouldcausesubstan
tialadverseeffectsontheenvironmentandwhichrequire
moreknowledgeandcareonthepartoftheindividual
applyingthem

Minimumstandardsforthecertificationofapplicators
willbesetbyEPAandwillbeseparateforprivateandcom
mercialapplicatorsCertificationwillbeaccomplishedby
stateswhoseprogramsareapprovedbyEPACollectionof
informationonstateprogramsforcertificationofapplica
torsisnowinprogressPresentschedulescallforthecom

2

pletionofpreliminarycertificationstandardswithinseven
monthsTheactrequiresthatfinalcertificationstandards
bepublishedwithinoneyearThisportionofthenewact
shouldreducemisuseofpesticidesandeliminateorre
ducepesticideaccidentsitwillcorrecttheallornothingat
allapproachnowineffectRatherthanbeingforcedto
cancelorsuspendaproductoutrighttheonlyrecourseun
derFIFRAEPAnowmaybeabletoallowregistrationof
amuchneededproductundertherestrictedcategory
FederalauthoritywillapplythroughouttheUnitedStates
notjusttothemovementofproductsacrossstatelinesThe
actwillrequiretheregistrationofallpesticideproducing
establishmentsandregularsubmissionbythemofproduc
tionandsalesvolumeinformation

Pesticidesareaproductoftodaysageoftechnology
whichhasoftenprogressedfasterthanhastheknowledge
ofhowtousetheseproductswiselyItisimperativethat
thefutureusesofnewtechnologydonotresultinirrepara
bledamagetotheenvironmentortohumanbeings

Thereisnowdemonstrableevidenceofcooperation
amongthevariouslevelsofgovernmentEPAprefersthis
approachbecauseitdoesnotwanttodothingswhichthe
statesthedistrictsorotherlocalagenciescandobetterfor
themselvesInCaliforniawiththecooperationoftheCali
forniaDepartmentofFoodandAgricultureandofthe
federalauthoritiesthatareinvolvedeveryonewilltrytodo
hisjobwithaminimumofharrassmentofthepeopleyet
providingthelevelofprotectionthatisnecessaryEPA
urgesthatthosewhohaveproblemspresentthefactsand
keepthelinesofcommunicationopen



THEIMPENDINGTHREATOFVEETOCALIFORNIABASEDONTHE

MEXICANEXPERIENCEOF1972

TelfordHWork

UniversityofCalifornia

InfectiousandTropicalDiseasesSchoolofPublicHealthLosAngelesCalifornia90024

OnafoggyovercastdayinJanuaryof1972thisAsso
ciationmetinStocktontohearreportsofdataonmosquito
transmittedvirusesinCaliforniaduring1971andaspecu
lativediscussionaboutthesignificanceoftheTexasexper
iencewithVenezuelanequineencephalitisConcernsfocuss
edontwomainquestions1CanithappeninCalifornia
2Isthestateequineandhumanpopulationsafeasaresult
ofvaccinating485000Californiaequineswithliveattenu
atedTC83VEEvaccineinAugustandSeptember1971

ThereportsbyReevesEmmonsandWorkestablished
thattherichvarietyofecologicalsituationsrangingfrom
TehamaCountyofnorthernSacramentoValleyandInyo
CountyeastoftheSierrastoImperialCountyontheBorder
ofMexicoannuallysupportmosquitotransmissionofwest
ernequineWEEStLouisSLEorCaliforniaencephalitis
CEvirusesItwasalsoreportedthattheubiquitoususeof
anymosquitobyVEEinanepizooticepidemicsituation
couldwelltransformthesummermonthsintoavector

bornedonnybrookofVenezuelanequineencephalitis
shouldthisvirusreachCaliforniaviathewestcoastof
Mexicowhereitsexistencewasnotyetknowntobeestab
lishedAtthattimethereweredoubtsastothepossibility
ofVEEeverreachingthePacificCoastThesedoubtswere
basedontwoassumptions1Thatsincetheinitialinva
sionintoChiapasMexicofromGuatemalain1969VEE
hadnotextendedalongthePacificCoastand2thatthe
SierraMadreOccidentalwasanaturalbarrierlimitingthe
widespreadactivityof19691970and1971alongthe
MexicanGulfCoastandontheCentralplateaufromever
reachingthewestcoast

NowattheendofJanuary1973wemeetagaintocon
siderthesamequestionsbutwithconsiderablymoreknow
ledgeandexperiencederivedfromthefactthatVEEdid
reachthePacificCoastofMexicoin1972andthatinthe

periodJunethroughSeptemberitprogressednorthwest
wardadistanceofabout700milesleavinginitswakethou
sandsofdeadhorsesandthousandsofhumancases with

somedeathsThatthisrelentlessprogressionoccurred
throughanarrowcoastalplaincorridorwheretensof
thousandsofequineshadbeenvaccinatedpresentsaques
tionastowhetherequinevaccinationreallyisabarrierin
whichpeoplecanhaveconfidenceforblockingmovement
anddisseminationofthismosquitobornevirus

Likesomanyadvancesinsciencethisenterpriseresulted
fromafortuitousbuttimelyintegrationofavarietyof
interestsandresourcesDrLuisFernandezZorillaVeteri

1Thisresearch wassupportedpartiallybyUSPubHlth
ServiceResearchTrainingGrantAI13212andUSDeptofAgr
VEECooperativeAgreement1216100108

3

naryJefeoftheEquineEncephalitisProgramoftheDepart
mentofAgricultureinMexicohadtakenhisMasterof
PublicHealthdegreeinJune1971fromUCLAwherehe
hadspecialfieldandlaboratorytraininginarbovirusesof
theImperialValleyANationalInstitutesofHealthTraining
Granthadsupportedtheseinvestigationswithanumberof
entomologicalandvirologicalresearchtraineessomeof
whomwereinplaceandreadytoundertakeinvestigations
inMexicoThelongtermscientificcontributionsinitiated
andsustainedbytheUniversityofCalifornia particular
lythoseofReevesinSanFranciscoandBerkeley had

housedandsupporteddevelopmentofuniversityresources
forresearchonthisabidingpublichealthprobleminCali
forniamostrecentlybytheprovisionoflaboratoryfacili
tiesatUCLATheUSDepartmentofAgricultureVeteri
naryServicesEmergencyProgramshadcommittedfunds
throughProfessorGeorgeCrenshawofUCDavistocarry
outsurveillanceforVEEinCaliforniaThiswasinitiatedin
January1972byajointUCDavis UCLAPrograminPalo
VerdeYumaandImperialValleysbyplacementofsentinel
equinesandperiodicmosquitocollectionsforserological
andvirologicalstudiesBownandWork1973

Aresearchtrainingoperationincollaborationwithour
MexicancolleaguesnorthwardfromMazatlanhadbeen
scheduledforJuneaftercompletionoftheacademicyear
Soallofthetechnicalscientificprofessionalandmaterial
resourceswereinhandinJuneWhatremainedtopullthem
togetherwastheprecipitatingreportthatVenezuelanequine
encephalitishaderuptedonthePacificCoastofMexico

Aweekbeforethescheduleddepartureofourfieldre
searchtraininggroupforMazatlanDrFernandeztele
phonedtoreportthatonJune16equinedeathshadbeen
reportedfromthreecoastalmunicipalitiesinNayaritTux
panSantiagoandSanBlasHeinquiredastowhetherwe
wouldbeinterestedinextendingouritinerarytoNayaritto
undertakecollaborativestudieswithourMexicanveterinary
colleaguesThischangedthelevelofcommittmentinregard
topreparationandtimeWithTC83vaccineobtainedfrom
theNationalCenterforDiseaseControlwevaccinated
thirtyfourstaffandstudentsonJune29afterwhichAlfred
SierraandPeterWarnertheveterinarystudentteamfrom
UCDavisandourstudentsdepartedbyroadwithvehicles
andequipmentforTepicByairthroughPuertaVallartaI
joinedDrFernandezinNayarittoassessthedeveloping
epizooticasheimplementedastatewidevaccinationof
about30000equines

Thiscommencedcollectionsandstudiesthatweretooc

cupyusinthefieldfromNayaritthroughSinaloaandthe
lengthofSonoratotheArizonaandCaliforniaBorderin
thenextthreemonthsasthediseaseeruptedinvarious
facetsnorthwestwardinJunefromRosamoradainNayarit
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EsquinapainSinaloainJulytheFuerteValleynearLos
MochisinAugustHuatabampoandNavojoaofsouthern
SonoraandinSeptemberSoyopaandLaMisaThiswas
accomplishedbyrotationofstudentandstaffpersonnel
thosespendingthelongestperiodsbeingentomologistsDr
DavidBownandDrBruceKnudsenandDrVictor
SchroederoftheAnimalHealthDivisionoftheMexican

DepartmentofAgriculture
Theeffortwasfocussedonthreemainproblems1Was

theMexicanequinevaccinationprogramaneffective
barriertomovementofthevirus2Whatothervertebrate
mosquitomechanismsmightbeinvolvedinmovementof
thevirus3AfterintroductionofVEEvirusintoarural
areawhatotherperidomesticvertebratesprovidedanade
quateviremiaforinfectionofvectormosquitoesthatin
turntransmitVEEvirustohumaninhabitantsofavillage

ThefirstequineisolationofVEEvirusatUCLAwas
fromserumcollectedonJuly5fromaparalyzedburroat
TeponautlainRosamoradaMunicipalityofNayaritItcon
firmedthenorthwardmovementoftheepizooticaugment
edbyobservationofsickanddeadhorsesalongsideHigh
way15thewesternrouteofthePanAmericanHighway
onlythreemilesfromRosamorada

ReportsofequinediseasefromElFuerteinnorthern
Sinaloaledtoinvestigationswhichfoundsickanddead
animalsinthemountainouswesternslopesofSierraMadre
OccidentalAserumfromamoribundburrocollectedJuly
18inanewlyclearedcornandbeanfieldaboveChinobam
pohadHAIandNTantibodiestoVEEvirusThisepizootic
wasincontrasttothoseintropicalNayaritwhichbeganin
thecoastallowlandsandmovedupriverdrainagestohigher
elevations

TheChinobampooutbreakoccurredinthehighlandsof
northernSinaloatheonlyapparentconnectionbeingvia
thetranscontinentalrailwayfromOjinagaacrosstheRio
GrandeRiverfromPresidoTexaswherethelastUS
equineisolateofVEEwasmadeonNovember71971via
ChihuahuatoLosMochisandthePacificPortofTopolo
bampoThisepizooticmoveddowntheFuerteRivertothe
deltaadjacenttothesouthernborderofSonorawhere
equinedeathswerereportedinearlyAugust

Anextensiveepizooticepidemicinvolvingmorethansix
thousandhumancaseswithatleastsixreporteddeathswas
describedfromnearbyNavajoaareainthelastweekof
AugustDrKnudsenscollectingeffortandprobablearea
ofexposurewasinthisareawheretherewasanafflicted
fishingcommunitythathadonlyoneresidenthorse

DrBruceKnudsenoneofourpostdoctoraltrainees
wasbetween25thand30thinorderofinoculationofthe
34vaccinations onJune29thYetat200amon

August24about30hoursaftercollectingmosquitoesinthe
NavajoaareaofSouthernSonorawherethenewepizootic
epidemicofVEEwasdevelopingDrKnudsenhadsudden
onsetoffeverheadacheandprostrationOnarrivalat
UCLAintheeveningofAugust25abloodspecimenwas
collectedInoculationintosucklingmiceyieldedastrainof
VEEvirus

Serialseracollectedperiodicallyduringtheprevious
eighteenmonthsindicatedwhatwasprobablyafieldinfec
tionwithwesternequineencephalitisvirusinlateJune
1971duringaneruptionofWEEinImperialValleyHehad

sustainedashortselflimitedillnessatthattimeSerological
testingofpreandpostvaccinationseraoftwentyfourof
thethirtyfourvaccineesshowedconversiontoVEEanti
bodyPreexistingWEEantibodyresultingfromnatural
infectionayearbeforewasapparentlyresponsibleforthe
refractoryresponsetoarbovirusgroupAlivevirusVEE
vaccineinDrKnudsen

Ourstudiesobtainedfurtherinformationonthispoint
EarlyinJulywhentheeffectivenessoftheMexicanVEE
vaccinewasinquestionweoutlinedatestofsixtyhorses
inthevicinityofHermosillowhereavaccinationcampaign
wasunderwayDrsHidalgoandValdezMungiaofthe
HermosilloVeterinaryLaboratorycollectedserafromsixty
markedequinesjustpriortovaccinationTheywererebled
approximatelyonemonthpostvaccinationThepairedsera
weretestedforhemagglutinationinhibitingHAIanti
bodiesagainstVEEWEESindbisandStLouisantigens
Neutralizationtestswererunintissueculture

Fouroffifteenequineswithdemonstrablepreexisting
WEEvirusantibodyfailedtorespondtotheVEEvaccine
withriseinantibodytitercomparedtoonlyoneofthirty
eightanimalswithoutpreexistingWEEantibodyBecause
theMexicansdonotroutinelyvaccinateforWEEitwas
assumedthatthepreexistingWEEantibodyresultedfrom
naturalWEEinfectionsintheHermosilloarea

Notonlydothesefindingsilluminateaproblemtobe
encounteredinvaccinationprogramsinMexicobutthey
castdoubtonhowmanyequinesvaccinatedforVEEin
southwesternUnitedStatesin1971wereprotectedbecause
therearesignificantnumbersofequinesthathavemeasure
abletiterofWEEantibodydueeithertoroutinevaccina
tionornaturalinfectionsStudyofthisproblemcontinues

Itshouldbeobservedherethatepizooticepidemicactiv
ityfromJunetolateAugustwasobservedinthenarrow
coastalcorridorfromtheSantiagoSanBlasMunicipalities
ofNayaritinJunenorthwardthroughRosamoradaEsquin
apaMazatlanandElFuerteinSinaloainJulytoNavajoain
AugustManyriversrunfromtheSierrastotheseafrom
easttowesttransectingthiscorridorTheNavajoaarea
wherethesizeableoutbreakoccurredinlateAugustand
CiudadObregonencompassthedeltaoftheYaquiRiver
whichflowssouthfromArizonaandwesternNewMexico

GeographicallythisdeltaisthesouthernlimitoftheSonor
anDesertwhichfansouttothenorthandnorthwestintoan

irrigatedchainofagriculturaldevelopmentsthatlinkwith
theColoradoDeltaYumaValleyandtheImperialValley
whereweknowfrompreviouslydescribedinvestigations
initiatedbyUCLAin1967thereisevidenceofalmost
continuousmosquitotransmissionofavarietyofarbo
viruses

AlthoughthedestinationfortheSeptemberinvestiga
tionswasthewaterbirdinhabitedestuariesofcoastal

Sonoratheincreasingoccurrenceofequinediseaseeast
andsouthofHermosillocalledforcaseinvestigationsfor
collectionofviruscontainingspecimenstodocumenttem
poraldispersionofthevirusThistookourfieldteamseast
ofHermosillotothetownofSoyopaonthenorthsouth
courseoftheYaquiRiveranaturalavenuenorthwardfor
virusmovementfromtheNavajoaepizooticoflateAugust
Amongthemanyaffectedanimalsinthisareaabloodspeci
menwascollectedfromanequinefortyfiveminutesafter
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deathFromthisserumanagentW311thatkillssuckling
miceinlessthan24hourswasisolatedItisnotVEEvirus

Itssignificanceinthesestudiesisthattheremaywellbe
anotheragentfatalforequinesproducingdiseasethathas
beenreportedasVEEItwouldalsoexplainwhyapparent
lyVEEimmunizedequinessubsequentlydiedinanequine
epizootic

Theprobablefieldinfectionofoneofourownperson
nelfollowedbytheextensivelateAugustepizooticepidem
icinSouthernSonoracalledforashiftinfieldactivityto
thisborderstateadjacenttothesusceptibleareasofsouth
westernUnitedStatesSurveillanceforequinediseaseand
effortstovaccinateequinesinSonorawereintensifiedby
theMexicanDepartmentofAgricultureinJulyInSeptem
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berequinecaseswerereportedjustsouthofNogalesA
vaccinationcampaigncarriedoutina70kilometerradius
fromNogalesonthefirstandsecondofSeptembervacci
nated1633equinesAtentrapmosquitocollectiononthe
nightof1819Septemberjust14milessouthofNogales
yieldedfewmosquitoesButapoolG8419of12Psoro
phoraconfinnisproduceddeathininoculatedsucklingmice
inlessthan48hoursHAtestingofaboratesalineantigen
ofthisagentindicatedthatitwasastrainofVEEThe
agentwasreisolatedfromtheoriginalmosquitosuspension

Onesecondpassagemousebrainharvesteachwasdis
patchedtotheUSPHSCenterforDiseaseControlinAtlanta
andtheUSDAAnimalDiseaseResearchLaboratoryin
Denverforvirulencetestingtodeterminewhetherthevirus
wasawildorvaccinestrainParalleltestingwascarriedout
atUCLAFailuretokillguineapigsbyintraperitonealinoc
ulationindicatedthatthemosquitoisolatewasavaccine
typeThisisthesecondisolateofavaccinestrainfrom
Psorophoraconfinnismosquitoesthefirstbeinginwestern
Louisianain1971followingextensiveequinevaccination
duringtheTexasepizooticItappearsthatthisG8419strain
isabiologicalreplicatefromPsorophoraconfinnismosqui
toesVEEvaccinationwascarriedoutonSeptemberfirst
andsecondinthisparticularareaVaccinevirusviremia
wouldoccurtwotofivedayslaterorpriortoSeptember8
Extrinsicincubationallowingforlossofingestedvirusin
thestomachin48hourswouldhaveoccurredbySeptem
ber18thenightthemosquitotrapsweresetwhichcaught
thePsorophoraconfinnismosquitoesfromwhichtheisola
tionwasaccomplished

Thesignificanceofthisisolationconsistsof1Demon
strationthatsystematicmosquitocollectionrelatedto
epizooticsisasensitiveindicatorofvirusinfectionofmos
quitoes2thatsomevaccinatedequinescirculateTC83
virusinhighenoughtitertoinfectmosquitoesand3that
mosquitoesmaytransmittheattenuatedstrainofVEEvirus
innatureThequestionsraisedposefurtherproblemstobe
investigated

CONCLUSIONSOnlythehighlightsofthispastyears
investigationsandfindingshavebeentoucheduponhereto
illuminatesomeoftheproblemsinpredictingwhetherthere
isanimpendingthreatofVEEtoCaliforniain1973Onthe
onehandwehaveextensiveevidenceoftheappearance
andnorthwestwardprogressionofVEEonthePacificCoast
ofMexicoin1972withsubsidenceinCentralSonoralatein
SeptemberOntheotherhandintensivesearchforVEEin
Texaswhereitsubsidedatasimilarlatitudein1971failed
toproduceanyevidenceofarecrudescencein1972

Althoughourinvestigationsdemonstratedtheavailability
ofvirustransmissionbyinfectedmosquitoesorviremicin
dividualsinvehiculartrafficalongHighway15onlya
steadyprogressionnorthwardsevenhundredmilesfrom
JunethroughSeptemberappearstohaveoccurredscattered
epizooticshavingbeenobservedsomedistancefromthis
mainarteryoftraffic

Virologicalexaminationofmosquitocollectionsyielded
avaccinestrainfourteenmilessouthoftheNogalesAri
zonaborderThisdemonstratesthevalueofVEEvirus

surveillancebymosquitocollectionsbutdoesnotprovide
clearimplicationsofisolatingvaccinevirusfromPsorophora
confinnisvectors

Similarmosquitocollectionsandisolationsinselected
sitesofthearidzoneofSouthernCaliforniaadjacenttothe
MexicanBorderhaveyieldednumerousstrainsofWEEand
SLEvirusesbutnoVEEThisagainconfirmsthatthemos
quitoecologyofCaliforniawillsupportVEEvirustrans
missionshouldthisvirusreachourterritory

Perhapsofgreatestimportanceisthecumulativeevi
dencethatpreexistingwesternequineencephalitisvirus
antibodyproducesarefractoryresponseinmanyanimals
toTC83VEEvaccineRecognizingthatmanyCalifornia
equinespossessedWEEantibodybeforethisVEEvaccina
tioncampaignof1971leavesusuncertainastohowmany
Californiaequinesareprotectedandhowmanysusceptibles
therearethatwouldserveasviruscirculatorsofVEEvirus
forinfectionofmosquitoes

Withtheseuncertaintiesitisessentialtoreturntothe
questionofvectorcontrolshouldVEEresumeitsnorth
westwardprogressionintoArizonaandCaliforniaThe

apparentindiscriminateuseofanymosquitospeciesby
VEEvirusinanepizooticepidemicchallengesmosquito
controlresourceswithmorethanvectorspecificmeasures
whichhavebeenthemainstayofmosquitoabatementinthe
past
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EMERGINGCONCEPTSOFFACTORSTHATLIMITTHECOMPETENCEOF

CULEXTARSALISTOVECTORENCEPHALITISVIRUSES

Mostoftheparticipantsofthisconferencewillremem
berthatanepidemicofencephalitiswasanticipatedinthe
CentralValleyofCaliforniaduringthesummerof1969
Theprincipalecologicindicatorsrainsnowsurplusand
floodingthatareusedtopredictepidemicsofwestern
equineencephalomyelitisWEEandStLouisencephalitis
SLEwereapparentduringtheprecedingwinterandspring
monthsReeves19671970Anemergencyprogramwas
initiatedinthespringandcontinuedthroughthesummerto
increasemosquitocontroleffortstoassuresurveillancefor
diseaseinmanandhorsesandtomeasureviralinfection

ratesintheprimaryvectormosquitoCulextarsalisAn
encephalitisepidemicdidnotdevelopInfactWEEviral
activitywasatthelowestleveleverrecordedinCalifornia
uptothattimeandSLEviralactivitywasfoundonlyinthe
SacramentoValleyLyness1970Nelson1970Reeves
1970Sudiaetal1971

Themostpuzzlingaspectofthe1969encephalitisseason
wasthatWEEandnotSLEvirusvirtuallydisappearedfrom
theCentralValleyandthissituationrecurred in1970

ThedramaticdecreaseinWEEviralactivitywascompletely
unpredictedbecausepreviousstudiesinKernCountyhadin
dicatedthathigherpopulationlevelsofCtarsaliswerere
quiredtomaintainthetransmissioncycleofSLEvirusthan
wererequiredtomaintainthetransmissioncycleofWEE
virusReeves1971Furthermoreretrospectiveanalysisof
the1969encephalitisseasonrevealedthatCtarsalispopu
lationlevelsweresufficientlyhighatanumberofsitesin
KernCountytosupportthetransmissioncycleofWEE
viruseventhoughitdisappearedLyness1970Thusit
becameapparentthatfactorsotherthanpopulationthres
holdlevelscouldinfluencethecompetenceofCtarsalisto
vectorWEEvirusStudiestoelucidatethesefactorsandto

determinetheirimpactonvectorcompetencewereinitiated
duringthepasttwoyears

FACTORSAFFECTINGVECTORCOMPETENCEBy
vectorcompetencewemeantheabilityofamosquitotobe
comeinfectedwithavirusandsubsequentlytotransmit
thevirustoavertebratehostafteranappropriateperiodof
extrinsicincubationMosquitoesthatarecapableofbeing
infectedwithlowconcentrationsofviruspresumablywould
bemorecompetentvectorsthanmosquitoesthatrequired
highconcentrationsofvirustobecomeinfectedIthaslong
beenrecognizedthatCtarsaliswasamorecompetentvec
torofWEEvirusthanothermosquitospeciesthatprevailin
CaliforniaWearenowsuggestingthatthevectorcompe

Thisresearch wassupportedinpartbyResearchGrantAI
03028fromtheNationalInstituteofAllergyandInfectiousDiseas
esandtheGeneralResearchSupportGrant5S01RR05441from
theNationalInstitutesofHealthUSDepartmentofHealthEdu
cationandWelfare

JamesLHardyandWilliamCReeves

UniversityofCalifornia

SchoolofPublicHealthWarrenHallBerkeleyCalifornia94704
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tenceofdifferentpopulationsofCtarsalismightvaryand
ifsothepresentproblemsincontrollingthismosquitomake
iturgentthatwelearnwhatcontrolscompetenceFactors
thatcouldpotentiallyinfluencethevectorcompetenceof
Ctarsalisandthatwearecurrentlystudyingareshownin
Figure1

OnefactorthatcorrelatedwithdecreasedWEEviralac

tivityinCaliforniaduring1969and1970wastheemergence
ofapopulationofCtarsalisthatwashighlyresistanttothe
availableorganophosphorusOPinsecticidesGeorghiouet
al1969Womeldorfetal1972Weinitiatedastudyto
determineifOPresistantCtarsaliswerelesscompetentvec
torsofWEEvirusthanwereOPsusceptiblepopulations

AsecondvariabletobestudiedwasautogenyThisterm
referstotheabilityofafemalemosquitotolayherfirst
batchofeggswithouttakingabloodmealandisacommon
eventwithCtarsalisBellamyandKardos1958Chao
1958Lyness1970foundthatautogenyratesinCtar
saliswerehighduringthesummerof1969inKernCounty
Thesignificanceofthislatterobservationwasunknownbe
causetherewaslittlebaselineinformationavailableon

autogenyratesinCtarsalispopulationsduringprevious
yearsNonethelesssincehighautogenyratesinavector
populationcoulddampenthetransmissioncycleofanen
cephalitisvirusbydelayingthetakingofaninfectiousblood
mealweareattemptingtoevaluatetheimpactofautogeny
onvectorcompetence

QuitebyaccidentDrEdwardSSylvesterandMissJean
RichardsonintheDepartmentofEntomologyandParasit
ologyattheUniversityofCaliforniaatBerkeleyfoundthat
ourcolonyofCtarsalisinBakersfieldwasinfectedwithits
ownvirusesandthesewerenotencephalitisvirusesVirus
mustbetransmittedthroughtheeggbecauseitisfoundin
larvaepupaeandadultmalesandfemalesPreliminarystud
ieshavesuggestedthatthisindigenousmosquitovirusmight
causedegenerationofthesalivaryglandsIffieldpopula
tionsofCtarsalisareinfectedwithasimilarvirusthenthis
couldpotentiallyresultindecreasedtransmissionratesof
encephalitisvirusesItisalsopossiblethatthemosquito
virusesmightblockinfectionofmosquitoeswithasecond
virussuchasWEEwhenitisingested

ItisconceivablethatthesusceptibilityofCtarsalisto
infectionwithencephalitisvirusesisgeneticallydetermined
Thisconceptisnotrevolutionarybecausegeneticsuscepti
bilityhasbeendemonstratedforinsectvectorsofsome
plantvirusesStorey1932Black1943NagarajandBlack
1962Atpresentwearejustbeginningstudiestoexamine
thispossibility

Environmentalconditionssuchastemperatureandhu
midityundoubtedlyaffectvectorcompetencebuttheexact
extenthasnotbeendeterminedInadditiontoitseffecton

mosquitodevelopmentandlongevitytemperatureaffects
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therateofmultiplicationofvirusinthemosquitoandthe
lengthoftimerequiredtocompleteviralincubationthat
endsinanabilitytotransmitbybiteHessetal1963re
portedthatannualtransmissionratesofWEEandSLE
virusesinsentinelchickenswerecloselyrelatedtospring
temperaturesHighesttransmissionratesofWEEvirusoc
curredduringyearswhenspringtemperatureswereunusual
lylowwhereashighesttransmissionratesofSLEviruswere
recordedinyearswhenspringtemperatureswereunusually
warmThereasonforthisisnotclearReevesandHammon
1962reportedtheessentialrelationshipbetween80Fand
85Faveragedailytemperaturesforeffectivetransmission
ofWEEandSLEvirusesrespectivelyinthesummer

APPROACHESTOVECTORCOMPETENCESTUDIES

BothfieldandlaboratorystrainsofCtarsalisarebeing
evaluatedforresistancetofiveOPinsecticidesforauto
genyratesforinfectionwithindigenousmosquitoviruses
andforsusceptibilitytoinfectionwithWEESLEandTur
lockvirusesbyintrathoracicinoculationandbyfeedingon
gauzepledgetssoakedwithasuspensionofvirusindefibri
natedrabbitbloodplus15percentsucrosetoenticethe
mosquitoestofeedSamplingoffieldpopulationshasde
pendedgreatlyoncollaborationwithmanagersandstaffsof
numerousmosquitoabatementdistrictsintheSacramento
SanJoaquinImperialandOwensvalleysWhereverpossi
blemiscellaneoussamplingoffieldpopulationswasdoneon
thebasisofdifferentgeographiclocationsanticipatedlevels
ofresistancetoOPinsecticidesandofcourseavailability
oflargenumbersofCtarsalislarvaeandpupaeDuring
1972Ctarsalisweresampledperiodicallythroughoutthe
summerfromtwositesinKernCountytolookforseasonal
variationinvectorcompetence

PRELIMINARYRESULTSOurinitialstudiesindicat

edthatfourcolonizedstrainsandfourfieldstrainsofC

tarsaliswereequallysusceptibletoinfectionwithWEEvirus
whentheviruswasinoculatedintrathoracicallyHowever
whenmosquitoeswereallowedtoingestvirusfrompled
getsthedifferentstrainsofCtarsalisvariedgreatlyintheir
susceptibilitytoviralinfectionTheseobservationsindicat
edthatvariationsinsusceptibilityprobablyoccurinthegut
ratherthanthroughoutthernosquito

Variationsinthesusceptibilityofdifferentpopulations
toinfectionwhenfedvirusisillustratedbycomparingthe
susceptibilityoftwofieldstrainsofCtarsaliscollectedin
KernCountyduringlateAugust1971Onesamplewascol
lectedfromadrainagesumpatthelowerendofapasture
immediatelysouthofBakersfieldthatutilizedsewageefflu
entforirrigationTheothersamplewascollectedfroma
pasturealongPosoCreekthatutilizedeffluentfromoil
wellsforirrigationThepercentofmosquitoesinfected14
daysafterfeedingonvaryingconcentrationsofviruswas
determinedforeachpopulationWhentheamountofvirus
necessarytoinfect50percentofthemosquitoesbypledget
feedingwascomparedthePosoCreeksamplewasap
proximately10000foldmoreresistanttoinfectionwith
WEEvirusthanwastheSewerFarmsampleItisofin
terestthatWEEviralactivityhasrarelybeendetectablein
thePosoCreekareaeventhoughthisareawascharacter
izedashavinglargevectorandavianpopulationsPerhaps
thislackofWEEviralactivitywasrelatedtothefactthat
Ctarsalisfromthisareaarerelativelyresistanttoinfection
withWEEvirus

Anotherinterestingobservationwasthatabout75per
centofthemosquitoesfromtheSewerFarmbecame
infectedwhentheyfedon10to1000infectiousunitsof
viruswhereastheremaining25percentwereresistanttoin
fectionevenwhentheconcentrationofviruswasincreased

by1000foldSimilarresultswereobtainedwithastrain
ofcolonizedCtarsalisTheseobservationsindicatedthat

mosquitopopulationscouldbemadeupofvirussusceptible
andvirusresistantcomponentswhichcouldbegenetically
determinedIfthisisindeedtruethenperhapscertainen
vironmentalfactorssuchastemperaturecouldselectfor
thevirussusceptibleorresistantcomponentinapopulation

Wewereunabletoshowanycorrelationbetweensuscep
tibilitytoinfectionwithWEEvirusandresistancetoOP
insecticidesinCtarsalisfromeitherfieldorlaboratory
sourcesInfactthedataobtainedwithfieldpopulations
fromKernCountysuggestedthatOPresistantpopulations
ofCtarsalisweremoresusceptibletoinfectionwithWEE
virusHowevernoneofthelaboratoryorfieldstrainsof
CtarsalishadbeenstressedorpressuredrecentlywithOP
insecticidesInpreliminarystudiesitwasfoundthatfen
thionstressedlaboratorystrainsofCtarsalisandCulex
quinquefasciatusweremoreresistanttoinfectionwithWEE
virusthanweretheirnonstressedcounterpartsFurther
studiesareneededtoconfirmtheseresultsandtodetermine

ifsimilarresultscanbeobtainedunderfieldconditions

AutogenyratesinfieldpopulationsofCtarsaliscollect
edinCaliforniaduring1972areshowninTable1Auto
genyratesintheSewerFarmpopulationwerehigh
throughoutthesummerwhereasthosefromPosoCreek
weresomewhatlowerOfinterestwasthatlessthanoneper
centofasamplecollectedfromagravelpitinLosAngeles
CountyinJulywereautogenousThesignificanceofthese
resultsisnotclearatthistimebecauseautogenyisgreatly
influencedbylarvalnutrimentandprobablyisgenetically
controlledSpielman1971Wehavenotfoundanycorrela
tionbetweenvirussusceptibilityandautogenyratesinfield
populationsApreliminaryanalysisofdatafrom1971
wouldsuggesthoweverthatOPresistantpopulationsofC
tarsalistendtobemoreautogenousThisobservationre
quiresfurtherstudybeforeadefiniteconclusioncanbe
drawn

IMMEDIATEANDFUTURECONCERNSABOUTEN

CEPHALITISINCALIFORNIAWewouldbederelictin

ourobligationstotheparticipantsofthisconferenceifwe
didnotmentionthependingthreatofanepidemicofen
cephalitisintheCentralValleyofCaliforniaduringthesum
merof1973TherewasaresurgenceofWEEandSLEviral
activityintheCentralValleyduring1972especiallyinthe
SanJoaquinValleyEmmons1973Thiswasindicatedby
theincreasednumberofhumancasesofWEEandSLEby
numerousisolationsofencephalitisvirusesfromCtarsalis
andbythedemonstrationforthefirsttimesince1968of
immunologicconversionstoWEEandSLEvirusesinsen
tinelchickensmaintainedinKernCountyAsofJanuary
1973weappeartobeheadedforarecordyearofrainfall
andsnowpackwhichwillincreasethewateravailabilityfor
mosquitobreedingduringthesummerof1973Wecontinue
tobefacedwithaninabilitytoeffectivelycontrolpopula
tionlevelsofCtarsalisduetotheirresistancetoOPinsecti

cidesandtothelackofalternatecontrolmethodsSchaefer
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Table1AutogenyratesinwildstrainsofCulextarsaliscollectedinCalifornia1972

MosquitoSource

KernCounty
SewerFarm

PosoCreek

MeadowGold

PanamaLane

Richfield

GlennCounty
RoadP

LosAngelesCounty
FlintkoleGravel

TulareCounty
CorreiaRanch

StanislausCounty
FreitasPasture

ButteCounty
BoegersPasture

YubaCounty

BinghamsDitch
ShintaffersHogFarm
NorthBealeRoad

FIGURE I FACTORS INFLUENCING VECTORCOMPETENCE OF

CULEX TARSALIS
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Autogenyratebymonthofcollection

June July August

70 79 87 66

44 54 47
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33

64

32

1

81

22

22

24

87

78

September

90

67
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1972Inadditiontheimmunestatusofthehumanpopula
tionatriskisunknownbutisprobablylowbecausethere
hasnotbeenamajorepidemicorhighlevelofendemic
transmissionofencephalitisvirusesinCaliforniasince1952
and1958

AstothefuturecontrolofencephalitisinCaliforniawe
willneedtoreviseourthinkingasmoreinformationbe
comesavailableonthefactorsandhopefullymechanisms
thatregulatevectorcompetenceIfpoorvectorscanbe
madethepredominantpopulationthenwemayhaveto
livewithnumbersofCtarsalisjustbelowthepestthres
holdlevelandthatrepresentsfairlylargepopulationssince
CtarsalisisnotparticularlyapestmosquitoHowthiscan
beaccomplishedisuncertainbutperhapswewillhaveto
introducegeneticallypoorvectorsintothepopulationor
evenperhapscontinuetostressOPresistantmosquitoeswith
moreOPinsecticides
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THEVETERINARYOUTLOOKCONCERNINGENCEPHALITISPREVENTION

CharlesHBurger

BakersfieldVeterinaryHospital
4408WibleRoadBakersfieldCalifornia93304

TheWesternLivestockJournalofNovember201972

reportedthatEarlButzSecretaryofAgriculturedeclared
anendtotheVenezuelanequineencephalitisVEEemer
gencywhichhadbeenineffectsinceJuly11971whenthe
diseasewasfirstreportedinsouthernTexasThequaran
tinewasalsoliftedonTexasequinesthelastcasehaving
beenrecordedonNovember71971inStarrCountyTexas
VEEhadbeenaseriousthreattothehorsepopulationof
theUnitedStatesapopulationpredictedtodoubleto
14000000by1980

Priortothe1971VEEepizooticinMexicoandTexas
theinterestofmanypracticingveterinariansinequineen
cephalitisvaccinationslaysomewherebetweencomplacency
andapathyVeryfewcasesofWesternequineencephalitis
WEEhavebeendiagnosedinCaliforniainrecentyears
andvaccinationwasalowrevenueprocedureVEEchanged
thisandthreemillionhorseswerevaccinatedinarelatively
shorttimein19statesQuarantineswereenforcedinsix

statesTexasLouisianaArkansasOklahomaMississippi
andNewMexicoTherewasalargesupplyofTC83vaccine
andthetechnologytomanufacturemoreastheneedarose
In1969overonehalfmilliondosesofTC83vaccinewere
usedinGuatemalaElSalvador NicaraguaandHonduras
Thisconstitutedaveryextensivefieldtest

ControversyoverthisvaccinedidariseTheGrayson
FoundationforEquineResearchandtheUniversityof
Kentuckyissuedreportsthatfourofelevenvaccinated
horsesshowedbraindamageonpostmortemexamination
Thisreportlaterwasamendedtostatethatonlyoneshowed
severebrainhemorragewhichmayormaynothavebeen
causedbythevaccineThoroughbredownersawareofthe
originalGraysonFoundationreportwerereluctanttohave
theirhorsesvaccinatedandsomedifficultiesdidariseover

thissketchyreportandthewayinwhichitwasreleased
tothepopularhorsepress

TheUSDepartmentofAgriculturevaccinated45
horsesandsacrificedthematintervalsbetween10and49

dayspostvaccinationNobraindamageorspinalcord
lesionswerefoundTheJenSalLaboratorywhichmanu
facturedthevaccinevaccinated20horseswithahigher
thannormaldoseandkept10forcontrolsAtautopsythe
brainsandspinalcordsshowednoevidenceofvaccine
producedlesionsJenSalusedfieldstrengthvaccinesand
foundnolesionsin8horsessacrificed100daysaftervacci
nationAthirdveryimportantstudybyJenSaltested702
maresinvariousstagesofpregnancyThirtyonewerefound
barrenbyserologicaltests653deliveredfoalsthatwere
considerednormalatbirthand18abortedaftervaccina
tionTheabortionsoccurred23to198dayspostvaccina
tionFourofthesewerediagnosedasrhinopneumonitis
virussevenmaresabortedtwinsfourhadplacentitisone
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abortionwasasepticfoalonemarewaskickedandone
abortionwasundiagnosed Thelaboratoryconcluded
therewasnoevidencethatthevaccinationinducedabor

tionfetalabnormalitiesorprematurefoals
TheAmericanAssociationofEquinePractitionersindi

catedatitsconferenceheldonJune7and81972thatit

believedthevaccinewasextremelyeffectiveincontrolling
VEEinTexasin1971Itsetthefollowingguidelinesall
adultequinesintheUnitedStatesincludingpregnantmares
atleast60dayspregnantwhichhavenotbeenpreviously
immunizedshouldbevaccinatedwithliveattenuatedVEE

vaccineTC83foalsofimmunedamsinhighriskareas
shouldbevaccinatedwhenthreemonthsofageandagain
whenweanedatapproximatelysixmonthsofageprevious
lyunvaccinatedpregnantmaresinhighriskareasshouldbe
vaccinatedregardlessofthestageofthepregnancyfoals
notinhighriskareasshouldbevaccinatedinitiallyatsix
monthsofageorwiththewaningofthematernalimmun
itywhenthattimeisknownthehighestpriorityisrecom
mendedforthepromptinitialvaccinationofallhorsesin
theGulfCoaststatesandthestatesadjoiningTexasand
Mexicotherevaccinationofadulthorsesinstatesother
thanthoseinwhichthediseaseisknowntohaveoccurred

isnotdeemednecessarywithin18monthsoftheoriginal
vaccination

Theproblemofthelackofsentinelanimalsisarealone
butthesolutionisnowathandItistheavailabilityofthe
wildburroThereareinsouthernCalifornia3380wild
unvaccinatedburrosandinArizona7510InCalifornia
mostoftheburrosarelocatedinInyoSanBernardinoand

ImperialCountiesTheChinaLakeNavalBasehasasked
FederalandStateagenciesforpermissiontoremove200
animalstoavoidstarvationbecausetheburroshaveoutpro
ducedtheirforageandareindangerofdestroyingthe
desertplantlifeunlesstheirnumbersarereducedIfapro
perlyhandledhumaneapproachtotheproblemcanbe
proposedIbelievethatthoseinterestedinpreservingthe
burroswouldnotobjectIproposeapilotprogramwhich
wouldinitiallyinvolvetherelocationof10or20burrosto
theTuleElkPreserveinKernCountyAseparatesection
couldbeprovidedortheelkandburroscouldrunonthe
samerangeIfthisproposedpilotprogramcanbesuccess
fullyworkedoutwiththeStateDepartmentofFishand
GametheStateParkDepartmenttheFederalDepartments
ofAgricultureandInterioranewsourceoffederalanimals
wouldbeavailableforresponsibleagenciesthatwillbein
valuabletotheseagenciesindiseasecontrolThiswillsolve
thesentinelanimalproblemandalsoprovidereliefforthe
overstockeddesertrangesnowbeingdepletedbytheburros
IearnestlyrequesttheExecutiveBoardofthisorganization
tostudythisproposalandofferitssuggestionsforimple
mentingthisplan
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CONCLUSIONSInastudiedreflectionbasedonper
sonalobservationsandinvolvementinmanylevelsofthe
1971VEEepizooticinTexasMexicoandCaliforniathere
wasonlyonesavinggrace theTC83vaccineThespraying
formosquitoesandthepublicawarenessfrompressreports
andothermediaprobablyhelpedkeepthenumberofhu
mancasesdownto88ThequarantinehelpedsomeVEE
wasnotasglamorousnorwasitvaccinatedforwithenough
vigororwewouldnothavehadthe450casesreportedin
1972ThesamemightbesaidaboutEasternEquineEnce
phalitisinwhich30horsecaseswerereportedin1972
indicatingthatthevaccinationprogrammaynothavebeen
sufficientlywidespread1believewehavethemeanstocon

trolall3diseasesinthehorse VEEWesternequineen
cephaliticWEEandEasternequineencephalitisEEE
butdowehavethedesiretocontrolthemWemustde

velopandsupportinthisorganizationsimilargroupsof
peoplededicatedtodiseasecontrolafreshnewoutlook
thatincludesataskforceofactiveparticipantsatworld
wideconferencesoninfectiousdiseasesThisshouldalso

includestudyteamstoworkwithexoticdiseasesintheir
nativehabitatsWecannotwaituntilanotherarbovirus

threatensourlivestockorhumanpopulationsbeforewe
actAfricanhorsesicknesscouldwellbethenextproblem
wefaceandwecannotaffordtheluxuryofplayingcatch
upindiseasecontrol



3VeterinarySection

SURVEILLANCEFORARTHROPODBORNEVIRUSESANDDISEASEBYTHE

CALIFORNIASTATEDEPARTMENTOFPUBLICHEALTH

RichardWEmmons GailGrodhausandDarioCappucci

Extensivesurveillanceforhumanandequinearbovirus
encephalitisandforthecausativeviruseswascarriedout
during1972asinpreviousyearsbutconsistedofaneven
largereffortthanin1971becauseofthecontinuedthreat
thatVenezuelanequineencephalitisVEEmightspread
northwardthroughMexicoandreachCaliforniaAsusual
therewascollaborationbymanypersonsinthisDepart
mentandinotherlocalcountystateandfederalagencies
includingtheSchoolsofPublicHealthoftheUniversityof
CaliforniaatBerkeleyandLosAngelestheUniversityof
CaliforniaatDavistheStateDepartmentofFoodandAgri
culturetheUnitedStatesDepartmentofAgriculture
countyhealthdepartmentsmosquitoabatementdistricts
andtheCenterforDiseaseControlTheresultsofthesur
veillanceprogramcanonlybebrieflysummarizedhere

Atleast797personssuspectedofhavinganarbovirus
infectionwerescreenedserologicallybytheStateViraland
RickettsialDiseaseLaboratoryorthefourcountyhealth
departmentlaboratorieswhichhavebegunarbovirustesting
Table1Weanticipatethatlocallaboratorieswillincreas
inglyassistinthissurveillanceThereweretwohumancases

ofVEEexposuresinMexicothreecasesofwesternequine
encephalitisWEEandfivecasesofStLouisencephalitis
SLEdetectedTable2Allcasesrecoveredandnoseri
oussequelaewerereportedInadditionthreenonfatal
casesofdengueweredetectedinpersonsexposedoverseas
DetailsofthesecasesareshowninTable3Caseswerecon
firmedserologicallybycomplementfixationhemagglutina
tioninhibitionneutralizationandindirectfluorescentanti
bodyIFAtestsThevalueandspecificityoftheIFAtest
andofametabolicinhibitiontestneutralizingantibody
incellculturesdevelopedintheViralandRickettsial
DiseaseLaboratoryhasbeenfurtherconfirmed

Therewere68clinicallysuspectcasesofencephalitisin
equinesreportedtotheDepartmentin1972Table4but
vaccineinducedornaturallyacquiredantibodiesalready
presentinserapreventedadefinitivediagnosisinnearlyall
casesTissuesamplesfrom31equinesweretestedinsuck
lingmicewithnegativeresultsInadditiontissuesamples
from13sentinelhamstersandover100wildlifespecimens
weretestedwithnegativeresultsSerologicsamplingofover
300rodentsorothermammalstrappedinSanDiegoLos
AngelesImperialRiversideStanislausandColusacoun
tiesbymetabolicinhibitiontestforWEEandVEEanti
bodiesrevealedonlylowtiters14to18inafewani
malsthesignificanceofwhichisuncertain

1ViralandRickettsialDiseaseLaboratoryandBureauofCom
municableDiseaseControl

2BureauofVectorControlandSolidWasteManagement
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Atotalof6336mosquitopoolsweretestedinsuckling
miceorduckembryoprimarycellculturesTables5and6
Therewere180virusesisolatedasshownindetailTable
7andbycountyandmonthinTable8Anumberofthe
unidentifiedvirusesappeartobeBunyamweragroup
agentsbuttheyhavenotyetbeenfullycharacterizedNo
isolatesofVEEviruseithervaccineorwildstrainswere
madeThemajorityofmosquitopoolsweretestedinsuck
lingmicebutduckembryoprimarycellcultureswerealso
usedthisyearforthefirsttimetosupplementthetesting
effortDirectfluorescentantibodystainingwasofgreat
valueinidentifyingWEESLEandTurlockvirusisolates
Themethodisrapidspecificandaccurateresultingin
considerablesavingoftimeandmaterialsascomparedwith
neutralizationteststoidentifyisolates

Thesurveillanceprogramduring1972alsoinvolvedsev
eralstatewidenewsalertstoinformthepublicandthe
medicalcommunityspecialtechnicalbulletinssentto
veterinariansphysiciansandlaboratoriesamonthlypro
gressreportJunethroughNovembertoalargenumberof
interestedindividualsandaweeklyreportofmosquitoes
testedandvirusesisolatedwhichwassenttovectorcontrol
specialistsinthefieldInsummarywefeelthatagoodjob
ofsurveillancewasdonewithinthelimitsofbudgetper
sonnelandtimerestrictionsUnfortunatelywecannotrest
onourlaurelsVenezuelanequineencephalitisremainsa
threatwesternandStLouisencephalitisvirusesarestill
widelyendemicinCaliforniaotherarboviruseswhichwe
knowoccurinthestatemaybeorbecomecapableof
causinghumanillnessmosquitoesincreasinglyaredevelop
ingresistancetoinsecticidesalargepercentageofthein
creasingpopulationofCaliforniapresumablyissusceptible
tothevirusesandabanneryearforexcesswaterandmos
quitobreedingsitesisclearlyunderwayAlthoughweare
facedwithlimitedbudgetsandtheprobabilityofreduced
researchsupportitwillbeasimportantasevertomaintain
anefficientsurveillancesystemexpandlocallaboratory
capabilitiesdevelopecologicallysoundmosquitocontrol
methodsandcontinuetryingtounderstandthebasicvirus
cyclesandhowtopredictandpreventarbovirusepidemics

Acknowledgement

Theassistanceandcooperationofmanystaffmembers
oftheViralandRickettsialDiseaseLaboratorytheBureau
ofVectorControlandSolidWasteManagementotherunits
oftheCaliforniaStateDepartmentofPublicHealthalltoo
numeroustomentionindividuallyaswellasoflocalmos
quitoabatementdistrictsandotherlocalcountystateand
federalagenciesincarryingoutthesurveillanceprogram
aregratefullyacknowledged



COUNTY TOTALJANFEB IARAPRMAYJUNJULAUGSEPOCTNOVDECUNK
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Alameda 26 1 2 2 1 3 8

Butte 14 2 1 2 2 1

Colusa 1 1

ContraCosta 23 2 3 2 4 3

Fresno 53 15 7 10 4 4 2

Glenn 6 1 3 2

Humboldt 1 1

Imperial 3 1 1 1

Kern 36 1 3 2 2 2 5 14

Kings 6 1 3

Lake 3 3

LosAngeles 70 6 9 10 6 5 7 4

Marin 12 1 2 3 2

Mendocino 1 1

Merced 2 2

Modoc 1

Monterey 15 5 2 2 3

Napa 4 1 1 1 1

Nevada 2 1 1

Orange 1

Placer 3 1

Riverside 7 M 2 2

Sacramento 45 2 2 9 10 5 3 4

SanBernardino 19 1 5 3 3 2 2

SanDiego 61 7 11 11 12 9 1

SanFrancisco 79 1 5 15 13 12 10 10

SanJoaquin 25 2 3 5 1 3 5

SanLuisObispo 6 1 2 2

SanMateo 38 1 3 6 7 2 5 1

SantaBarbara 21 1 4 2 8 1 1 2

SantaClara 100 2 15 12 20 13 12 4

SantaCruz 14 1 1 2 1 4

Shasta 3

Sierra 1 1

Siskiyou 1 1

Solano 14 3 2 6 1

Sonoma 13 1 1 1 1 2

Stanislaus 11 1 3 3 2 1

Sutter 3 1 1

Tehama 9 1 1 1 2

Tulare 14 1 3 1 2 1 2

Ventura 10 3 1 1
Yolo 18 2 4 5 3 1 1

OutofState 1 1

Unknown 1 1

14

Table1Humanstestedserologicallyfor quito1 arbovirusesbytheViralandRickettsialDiseaseLaboratory
CaliforniaStateDepartmentofPublicHealthandbycountyhealthdepartmentlaboratoriesbycountyofresidenceand
monthofillnessonset California1972

TestedbyCountyHealthDepartmentLaboratoryincludes9patientstestedbyStateVRDL
TestedbyCountyHealthDepartmentLaboratoryincludes18patientstestedbyStateVRDL
TestedbyCountyHealthDepartmentLaboratoryincludes3patientstestedbyStateVRDL
TestedbyCountyHealthDepartmentLaboratoryincludes19patientstestedbyStateVRDL



Table2Humancasesofarthropodborneencephalitis California19501972

YEAR TOTAL WEE SLE DEATHS

1950 157 88 69 2 1WEE1SLE
1951 55 22 33

1952 420 375 45 10 9WEE1SLE
1953 36 14 22 1 SLE
1954 121 22 99 2 SLE

1955 9 6

1956 21 14 7

1957 26 3 23 1 SLE
1958 53 37 16

1959 42 2 40 1 SLE

1960 13 1 12

1961 10 2 8 1 WEE
1962 21 5 16 1 SLE
1963 15 3 12

1964 12 10 2

1965 10 9 1

1966 17 9 8

1967 15 7 8

1968 15 11 4

1969 5 5

1970 2

1971 5

1972 8

3

3

Inaddition1caseofVEEconfirmedintravelertoMexico

Inaddition2casesofVEEconfirmedintravelerstoMexico

2

2

5

15



Ident presumedexposure ClinicalCourse Test

AntibodyTiters

RemarksAcute Convalescent

Jul2472 Aug972
1TP25maleChulaVista OnsetJul1472 SLECF 14 18 CFtestsforVEEWEE
SanDiegoCoDuringmonthbe
foreonsetvisitedBorregoSprings

SevereHAnausea
vomitingfeverand

SLEHAI
SLEIFA

130
116

1160
1128

Dengue1 218HAI
testsforWEEVEEPot

SanDiegoCo YumaArizona
butnoknownmosquitoexposure

sweatsspinaltapHad
YellowFevervacci

SLENI qns qns ModocCEVTurlock
MainDrainBWLokern

During2weeksbeforeonset
visitedLimaCuzcoandMachu

nationJun2172 YFIFA 1128 1256 110

PicchuPeru RiodeJaneiro
Brazilwithheavymosquitoex
posureArrivedBrazil3days
beforeonset

Aug1172Aug1372Aug3172
2JSC22maleSantaCruz OnsetAug972 VEECF 18 18 Novirusisolatedinsm

SantaCruzCoExposureinSantaHAfeverchillssevenVEEHAI 120 120 120 fromacuteserumNoll
CruzSanBlas PuertoVallartamuscleaches VEEIFA 1128 1128 ofVEEvaccinationHA
inNayarit JaliscoStateMexico VEEMI 132 164 tests110forSLEPOV
heavymosquitoexposure WEECF 18 ModocCEVTurlock

WEEHAI 110 110 110 MainDrainBW Lokei
WEEIFA 18 18 virusesPresumptivepos

tiveVEE

Aug2972 Sept2172
3SS4monthApr1772
femaleMaderaMaderaCounty

OnsetAug2272
Feverconvulsions

WEECF
WEEHAI

18
11280

164
12560

HospitalizedinFresno
WEEmosquitopools

LP30cells WEEIFA 164 1256 nearresidenceCFtests
WEEMI 116 1128 18formeaslesmumps
VEEHAI 110 110 herpesSLE
VEECF 18 18
VEEIFA 14 14
VEEMI qns 14

4BK maleEntomologist
LosAngelesCountyExposure
inSoSinaloaStateMexico

OnsetAug2472 NoDetails NoDetails NoDetails VEEconfirmedbyvirus
isolationfromacute

serumandbyserology

811172 8277212872
5SA14maleFresnoFresnoOnsetSept872HAWEECF 18 1128 116
CountyCampedbySanJoaquinfeverconfusiondrowWEEHAI 110240 15120
River2weekspriortoonset sythenstuporstiff WEEIFA 1128 1512

Mosquitobiteneareye neck repeat164 1256 164
WEEMI 116 qns 164

VEECF 18 18 18
VEEHAI 110 110
VEEIFA qns qns 14
VEEMI qns qns 14

6HH35maleFresnoFresno WEECF 82172 CFtests18foradenoviru
CountyMosquitoesabundant
aroundhome

WEEHAI
WEEIFA

18

12560 1
MpneumoniaQfever
mumpsSLEHerpesCF

Onset81072HA WEEMI 1128 titerstationaryat132

malaisefever101103VEECF 18

FstiffneckdrowsyVEEHAI 18
VEEIFA 110 1 1

VEEMI 14
14

N 772
7JM11maleLosMolinos OnsetSept1372 SLECF 6 CFtest18formeasles
TehamaCo stiffneckhighfever SLEHAI 1640 1640 herpesVEEandWEE

54cellsinCSF SLEIFA 132 1128 mumpsCF1818
SLENI 17 30

16

Table3HumancasesofWesternStLouisVenezuelanandDengueVirusInfectionsinCalifornia1972



Ident presumedexposure ClinicalCourse Test

AntibodyTiters

RemarksAcute Convalescent

Sept1872 Sept2772
8HH25rnaleDavisYoloCoOnsetSept1472 SLECF 14 132 CFtitersnegor

HAfeverobtundatiorSLEIIAI 1320 12560 stationeryforadeno

alternatingwith SLEIFA 132 1256 virusmycoplasma

markedagitation
SLEN1 05 37 Qfevermumpsherpes

VEEWEEmeasles
Novirusisolatedfrom
TWorCSF

Sept2972 101072
9RLS55MaleEarlimart OnsetSept2272 SLECF 116 164

TulareCounty tremorschills SLEHAI 12560 12560 HospitalizedFresno
sweatsstiffneck SLEIFA 1512 11024 CFtests18forVEE
unstablegaitdis
oriented

SLEN1 19 38 WEEstationarytiters
formumps18herpes
164 measles116

10972 102972 12572
10HM17MaleDelano Onset10572adm SLECF 116 116

KernCounty tohosp107suddenSLEHAI
severeHAfeverto SIX11A 132 1128

106siezurestiffneckSLE11A 164 1256 1256

69WBCinCSF SLENI qns 10 30

2772 32172
11SM20FemaleSantaCruzJan1372feverchillsDengue1CI 1128 132

SantaCruzCounty jtpainsrasheye
pain

Dengue2CF 1256 164 Exposureinwestern
SamoaUpoluIsland
Dec3172toJan2272

12572 2472 38772
12AG50femaleSanRafael 11972fevermyalgiaDengue1CF 14 14 14

MarinCounty rash Dengue2CF 14 14 18 ExposureinHaiti7days
Dengue2IFA 18 164 pto

HAItests CourtesyCDCLab Dengue1PRNT110 110
Dengue2PRNT110 175 PRNTcourtesyofDrPhil

DengueI 110 110 110 Dengue3PRNT110 110 Russell

Dengue2 110 120 120 Dengue4PRNT110 110
Dengue3 110 110

Dengue4 110 120
YellowFever 110 120
SLE 110110

110
120
120
110

HAItiters110forEEE
WEECEVCFtiters18
forDengue3 4Yellow
feverSLE

Aug272 Aug1772
13JC29FemaleLosAngelesOnset72772 Dengue1CF 1128 1128 TourmidJulyofHawaii
NeverhadYEvaccine whileinHongKong Dengue2CF 1256 1256 JapanThailandSingapore

severeHAmyalgia SLEIFA 14096 14096 HongKongheavymos
malaisefever103
pruriticrashAug2

YellowFever
IFA

18192 14096 quitoexposure

Table3Continued
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SeveralotherclinicallysuspectcasesofdengueinrecenttravelerstothePacificareawerereportedbutthediagnosiscouldnotbeconfirmedbe
causeconvalescentserawerenotsubmitted



COUNTY
MONTH SET

Total

Jan Feb MarchApril May June July AugustSept Oct Nov Unknownor
undetermined

Totals 2 3 1 2 4 4 14 9 10 4 2 1 12 68

Alameda
ContraCosta
Fresno
Glenn

Imperial
Inyo
Kern

LosAngeles
Madera

1 1

1

1

i

r

00
N

N

Mendocino
Merced
Nevada

Orange
Placer
Riverside
Sacramento

SanDiego
SanFrancisco

SanJoaquin 1

1

1

r
N

N

1

1

1

1

1

1
1

Mh
h

irNN
SanLuisObispo
SantaBarbara
SantaClara
Stanislaus
Sutter
Tulare
Tuolumne
Yolo

1 1

1

3

2

1

1

1

1

1

1

N

M

N
M
1
1
I
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Table4SuspectedclinicalcasesofarbovirusencephalitisinequinesbycountyandmonthforCalifornia1972

OnlyonecasecouldbeconfirmedserologicalyasWEEa3yearoldgeldingfromKernCountywithonsetJuly241972andnohistoryof
vaccinationInterpretationofserologicresultsonothercaseswasdifficultduetopreviousimmunizationswithWEEVEEorEEEvaccines
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Identifying
number

County Place Date

Collected
Species Number

InPool

Isolate

V1306 Tehama WoodsonBridge June13 Culextarsalis Turlock
V5235 Imperial Calexico June13 Ctarsalis WEE
V5242 Imperial Calexico June13 Ctarsalis SLE
V5318 Imperial Calexico June14 Ctarsalis WEE
V5323 Imperial Calexico June14 Ctarsalis WEE

LAV525 YmaArizona MorelosDam June15 Ctarsalis WEE

V5238 Imperial Calexico June13 Ctarsalis SLE

V5240 Imperial Calexico June13 Ctarsalis Turlock

V5261 Imperial Calexico June13 Ctarsalis Turlock

V5268 Imperial Calexico June14 Ctarsalis Turlock

V5303 Imperial Calexico June14 Ctarsalis 50 SLE

V5311 Imperial Calexico June14 Ctarsalis 50 Turlock

V5320 Imperial Calexico June14 Ctarsalis 50 SLE

V5322
V5348

Imperial
Imperial

Calexico
Calexico

June14
June14

Ctarsalis
50

50

SLE
Turlock

V5354 Imperial Calexico June14 Ctarsalis 50 SLE

V5355 Imperial Calexico June14 Ctarsalis 50 SLE

V5356 Imperial Calexico June14 Ctarsalis 50 SLE

LAV526 YumaArizona MorelosDam June15 Ctarsalis 50 Turlock

LAV528 YumaArizona MorelosDam June15 Ctarsalis 46 Turlock

LAV554 Imperial YumaMission June16 Ctarsalis Turlock

V1494 Tehama Corning June23 Ctarsalis Turlock
V5404 Riverside Blythe June28 Ctarsalis WEE
LAV5110 Imperial Calexico July11 Ctarsalis WEE
V1383 Modoc Alturas June19 Ctarsalis Unidentified
LAV596 Imperial Seeley July11 Ctarsalis WEE
LAV5104 Imperial Calexico July11 Ctarsalis SLE
LAV5107 Imperial Seeley July11 Ctarsalis WEESLE
LAV5109 Imperial Calexico July11 Ctarsalis WEE
LAV5114 Imperial Calexico July11 Ctarsalis SLE

LAV5121 Imperial Calexico July11 Ctarsalis 50
LAV5122 Imperial Calexico July11 Ctarsalis 50
LAV5138 Imperial Calexico July12 Ctarsalis 11
LAV5141 Imperial Calexico July12 Ctarsalis 6
LAV5144 Imperial Calexico July12 Ctarsalis 26
LAV5139 Imperial Seeley July12 Ctarsalis 4 Wa
LAV5149 Imperial Seeley July12 Ctarsalis 50
LAV5150 Imperial Seeley July12 Ctarsalis 10
LAV5155 Imperial Calexico July12 Ctarsalis 19
LAV5156 Imperial Calexico July12 Culexpipiens 21

LAV5164 Imperial Winterhaven July13 Ctarsalis SLE
V2636 Yolo KnightsLanding June28 Ctarsalis Turlock
V2058 Sutter Pennington July19 Ctarsalis Turlock
V4339 Madera CottonwoodCreek July12 Ctarsalis WEE
V4345 Madera CottonwoodCreek July12 Ctarsalis WEE
V2683 Stanislaus Newman July11 Ctarsalis Turlock
V2687 Stanislaus Newman July11 Ctarsalis Turlock
V4363 Kings Riverdale July18 Ctarsalis WEE
V2605 Yolo KnightsLanding June27 Ctarsdis Unidentified
V2753 Colusa Colusa July26 Ctarsalis SLE

V2733 Colusa Princeton July25 Ctarsalis

00
0

VI00N
000

VVV
VVh

Turlock
V4421 Kern Taft July31 Ctarsalis Turlock
V4440 Kern Taft July31 Ctarsalis Turlock
V4443 Kern Taft July31 Ctarsalis Turlock
V5452 SanDiego SanYsidro July11 Ataeniorhvnchu Unidentified
V5480 SanDiego SanYsidro July13 Ataeniorhynchu Unidentified
V2773 Sacramento Robla July31 Culexpeus SLE
V1763 Shasta FallRiverM July24 Culextarsalis SLE
V2873 Placer Sheridan August9 Ctarsalis Turlock
V4235 Merced SanLuisRanch June26 Ctarsalis Unidentified
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Identifying
Number County Place

Date

Collected Species

Number

InPool Isolate

V4475 Madera Madera August7 Culextarsalis
V4473 Madera Madera August7 Ctarsalis
V4477 Madera Madera August7 Ctarsalis
V4478 Madera Madera August7 Ctarsalis
V1847 Tehama ElCamino August8 Ctarsalis Ovi W

V1877 Shasta Cottonwood August10 Ctarsalis
V1883 Tehama RedBluff August10
V1885 Tehama MoonSchool August10 Ctarsalis
LAV5328 Imperial Seeley August9 Ctarsalis
LAV5329 Imperial Seeley August9 Ctarsalis

LAV5344 YumaArizona ImperialDam August11 C SLE

V4501 Kern Taft August8 C WEE

LAV5309 Imperial Seeley August8 C WEE

V4382 Fresno Clovis July25 C Turlock

V4472 Madera Madera August7 C Turlock
V1696 Tehama RedBluff July13 C Unidentified

V2632 Yolo KnightsLanding June26 C Unidentified

V1873 Shasta Cottonwood August10 C Turlock

V2903 Stanislaus Newman August15 Culexpipiens Turlock

V2905 Stanislaus Newman August16 C Turlock

V2908 Stanislaus Newman August16 C Turlock
V2912 Stanislaus Newman August16 Ctarsalis Turlock
V4487 Madera Pinedale August7 C Turlock
V4541 Tulare Goshen August17 C SLE
V4510 Madera Mendota August15 C Turlock
V4514 Merced Merced August16 C O Turlock
V4521 Merced Planada August16 C Turlock
V4530 Tulare Goshen August17 C Turlock

V4536 Tulare Goshen August17 C Turlock
V5861 SanDiego SanYsidro August10 Turlock

V5905 SanDiego RanchoSantaFe August11 C Turlock
V1941 Tehama WoodsonBridge August21 Ctarsalis SLE
V1944 Tehama WoodsonBridge August21 C SLE
V1947 Tehama WoodsonBridge August21 Cpeus SLE
V1973 Shasta PaloCedro August25 Ctarsalis SLE
V1593 Tehama RedBluff July6 C N Unidentified
V2678 Stanislaus Newman July11 C Unidentified
V2694 Stanislaus Newman July11 C Unidentified
V4301 Merced Planada July6 C Unidentified
LAV5583 LosAngeles Montebello August18 C Turlock

V2074 Colusa Colusa August23 Ctarsalis SLE
V2075 Colusa Colusa August23 Ctarsalis SLE
V2076 Colusa Colusa August23 Ctarsalis SLE
V2077 Colusa Colusa August23 Ctarsalis SLE
V2082 Colusa Colusa August23 Ctarsalis SLE
V2091 Yolo Woodland August28 C O LE
V2113 Colusa Colusa August29 Ctarsalis Turlock
V2120 Colusa Colusa August29 Ctarsalis SLE
V2126 Colusa Colusa August29 Ctarsalis SLE
V2244 Colusa Colusa August31 Ctarsalis SLE

V4592 Tulare Woodville August21 Ctarsalis

co333333
V4599 Tulare Tipton August21 Ctarsalis
V4667 Madera Trigo August29 C
V4668 Madera Trigo August29 Ctarsalis
V4670 Madera Trigo August29 Ctarsalis
V4674 Madera Trigo August29 Ctarsalis 00
V2994 Colusa Colusa August23 Ctarsalis
V51269 Imperial Winterhaven September8 Ctarsalis
V4593 Tulare Woodville August21 Ctarsalis
V4617 Kern Bakersfield August24 Ctarsalis

Table7continued
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Identifying
Number County Place

Date

Collected Species

Number

InPool Isolate

V4672 Madera Trigo August29 Ctarsalis WEE

V4675 Madera Trigo August29 Cpipiens SLE

V51045 Imperial Calexico September5 Ctarsalis Turlock

V51238 Imperial Seeley September6 Ctarsalis SLE
V51258 Imperial Winterhaven September7 Ctarsalis SLE

V51270 Imperial Winterhaven September8 Ctarsalis h WEE

V51273 Imperial Winterhaven September8 Ctarsalis SLE

V51281 YumaArizona Yuma September8 Ctarsalis SLE

V51303 Imperial Winterhaven September8 Ctarsalis SLE

V51307 YumaArizona Yuma September8 Ctarsalis SLE

V51311 Imperial Winterhaven September8 Ctarsalis Turlock

V51312 Imperial Winterhaven September8 Ctarsalis SLE

V51313 Imperial Winterhaven September8 Ctarsalis SLE

V51315 Imperial Winterhaven September8 Ctarsalis SLE

V51318 Imperial Winterhaven September8 Cerythrothorax SLE

V59029 Riverside Blythe August29 Cerythrothorax rn SLE

V5947 SanDiego ImperialBch September5 Cerythrothorax SLE

V2426 Colusa Colusa September26 Amelanimon WEE

V21015 Yolo Woodland October3 Afreeborni SLE

V2135 Colusa Colusa August29 Afreeborni Unidentified

V2156 Sutter Meridian August30 Afreeborni Unidentified
V2142 Colusa Colusa August29 Afrethorni Unidentified
V2224 Colusa Cortena August30 Afreeborni Unidentified
V2235 Colusa Colusa August31 Afreeborni Unidentified
V2321 Placer Rocklin September11 Cpeus Turlock
V2331 Placer Lincoln September12 Cpeus h Unidentified
V2887 Stanislaus Newman August14 Ctarsalis Turlock
V2981 Colusa Cortena August22 Ctarsalis Unidentified
V4523 Merced Planada August16 Amelanimon Unidentified
V4524 Tulare Goshen August17 Ctarsalis Unidentified

V41125 Madera Madera October2 Ctarsalis WEE
V1905 Siskiyou Yreka August15 Ctarsalis Turlock
V1928 Siskiyou IndianTomL August15 Cinornata Unidentified
V11140 Tehama Gerber September11 Ctarsalis SLE
V11142 Tehama Gerber September11 Cpeus SLE
V11161 Tehama Gerber September13 CtarWis SLE
V5800 SanDiego ImperialBch August8 Ataeniorhynch Unidentified
V5807 SanDiego ImperialBch August9 Ataeniorhynch Unidentified
V11104 Tehama RedBluff September1 Ctarsdis SLE
V41126 Madera Madera October2 Ct SLE

V41141 Tulare Woodville October5 Ctarsalis SLE
V11102 Plunias IndianValley August30 Ctarsalis Turlock
V2296 Yolo KnightsLanding September6 Ctarsdis Turlock
V4839 Madera Firebaugh October12 Ctarsalis WEE
V41137 Madera Trigo October3 Ctarsalis WEE
V41375 Imperial Calexico October3 Ctarsalis NCtCi Turlock
V52038 Imperial Winterhaven October5 Ctarsalis Turlock
V52045 Imperial Winterhaven October5 Ctarsalis SLE
V52240 Imperial Winterhaven October6 Ctarsalis Turlock
V4956 Fresno Kerman September20 Ctarsalis WEE

V4964 Fresno Kerman September20 Ctarsalis
Ctarsals
Ctarsalis

Ctarsalis
Ctarsalis
Ctarsalis
Ctarsalis
Ctarsalis

Cpeus

O
O

000
CA

N

V

V
47
V

V
V

C3

Cf

C3

C3

C2

CS

Cf

C3

h

a

i

a

a

i

a

v

v

w

w

o

n

n

WEE
V41007 Fresno Mendota September20 WEE
V2106 Colusa Colusa August29 Unidentified
V2196 Colusa Delavan August30 Unidentified
V2422 Sutter WestButte September26 WEE
V4815 Madera ElPeco September7 WEE
V4823 Tulare Woodville September11 WEE
V52386 Imperial Calexico November9 Turlock
V11105 Tehama RedBluff September1 Unidentified
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County June July August September October

Cohisa SLE1
Turlock1

SLE8Unid7
Turlock2

WEE1

Fresno Turlock1 WEE3

Imperial SLE8WEE3
Turlock6

SLE10
WEE8

SLE2WEE1 WEE2SLE8
Turlock2

SLE1
Turlock3

Kern Turlock3 WEE2

Kings WEE1

LosAngeles Turlock1

Madera WEE2 WEE10SLE1
Turlock3

WEE1 WEE2
SLE1

Merced Unid1 Unid1 Turlock2Unid1

Modoc Unid1

Placer Turlock1 Turlock1Unid1

Plumas Turlock1

Riverside WEE1 SLE1

Sacramento SLE1

SanDiego Unid2 Turlock2Unid2 SLE1

Shasta SLE1 SLE2Turlock1

Siskiyou Turlock1Unid1

Stanislaus Turlock2Unid2 Turlock5

Sutter Turlock1 Unid1 WEE1

Tehama Turlock2 Unid2 SLE6 SLE4Unid1

Tulare SLE2WEE2
Turlock2Unid

WEE1 SLE1

Yolo Turlock1Unid2 SLE1 Turlock1 SLE1

YumaArizona Turlock2WEE1 SLE1 SLE2

TOTALS SLE8
WEE5
Turlock11
Unident4

SLE13
WEE11
Turlock8
Unident7

SLE24
WEE15
Turlock21
Unident13

SLE15
WEE9
Turlock4
Unident2

SLE4
WEE2
Turlock3

Table8VirusesisolatedfrommosquitoesbytheViralandRickettsialDiseaseLaboratoryCaliforniaStateDepartment
ofPublicHealthbyCountyandMonthofCollection1972
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Inaddition1TurlockinNovemberfromImperialCountyResultsofadditionaltestsonunidentifiedvirusespendingWEESLEandTurlock
virusesruledout



LEGALASPECTSOFMOSQUITOCONTROL

RobertHPeters

NorthernSanJoaquinCountyMosquitoAbatementDistrict
200NorthBeckmanRoadLodiCalifornia93509

INTRODUCTIONThoseofusinCaliforniamosquito
controlhavenochoicebuttofacetherealitythatweare
anintegralpartofachangingworlddedicatedtoecology
andtheenvironmentIndividuallyweshouldalsorecognize
thatweareenvironmentalistsinthetruesenseoftheword

andthatourpersonalcontributionshouldbepurposeful
environmentmodificationbasedonourprofessionalcom
petenceinthefieldofmosquitopreventionratherthan
meremosquitocontrol

1amnotgoingtotellyouastoryofGoldilocksandthe
ThreeBears HoweverIamgoingtotellyouaboutGold
ilocksourselvesandtheThreeRs thethreeRsbeing
ResistanceRegulationsandResponsibility

IfwearetoretaintheGoldilockstitleinthefieldof

publicservicewehadbetterveryapidlycreateanewimage
forourselvesconsistentwiththepresenttrendWemustre
evaluateourpurposeandmakenecessaryadjustmentsto
reinforceorregainamuchneededrespectforourprograms
Fortunatelyasweanalyzeourpositionitisratherobvious
thatwepotentiallydeservetheGoldilocksratingAfter
allthereisverylittlewecanrecommendwhichisnotcon
sistentwiththebestinterestsofagriculturelandutilization
andwaterconservationprovidedofcourseourperform
anceisconsistenttotheseobjectives

Needlesstosayourpresentplighthasbeencausedby
resistanceofmosquitoestoinsecticidesaswellasregula
torychangeswhichcontinuetorestrictouruseofchem
icalsHoweverourgreatestomissioninthepasthasbeen
ourfailuretoproperlyassignresponsibilitytothemosquito
producerThishasbeenduepartlytoourlackofadequate
communicationwiththeextremewateruserOurgreatest
faultisthatwehavemeasuredourprogramsintermsof
gallonsofinsecticideandacressprayedratherthaninmos
quitosourceseliminatedorreducedWearenowinthe
thirddecadeoftheinsecticideapproachanditislittle
wonderthatthemosquitoproducerisunawareofhislegal
obligationsinfactwehavegivenmostmosquitoproducers
goodreasontoconcludethatextremewaterusageisboth
normalandacceptable

Todaybecauseofincreasingresistanceinmanyareasof
theStatewefindourselvesunabletocontinuewhathas
beenanormalrepetitivesprayservicethatofcontrolling
mosquitoesongreatnumbersofacreasofprivatelandCon
sequentlywehavehadtoresorttolegalabatementonan
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urgencybasisandregrettablywefindourselvespoorlypre
paredtotakethisstep

Becauselegalactiontakenbyasinglemosquitoabate
mentdistrictcanreflectonthenearsixtytotalagenciesas
wellastosetprecedentstheCMCASourceReductionCom
mitteeinitiatedagroupmeetingin1972Arequestwas
approvedbytheCMCABoardofDirectorstoholdanAd
ministrativeSeminaronLegalAspectsofMosquitoPreven
tionThiswasheldinBerkeleyonthelasttwodaysof
Octoberwiththeunderlyingpurposeofproducingan
awarenessoftheproblemandhopefullytoconditionour
thinkingpriortothisAnnualConferencewhereinwehope
thatwisdomwillprevailinchartingourcollectivefuture
programs

Wearefortunatetohavemanyofthesameparticipants
todayforourFortyFirstAnnualConferenceItismyhope
thatthisdistinguishedgroupcanfurtheradviseushowto
continueintheGoldilockscontestperhapssomemay
suggestanewtintordyeorpossiblyabrandnewwig

SUMMARYItisapparentthatweinmosquitocontrol
donotenjoytherosypositionwhichweoccupiedwhen
manyofuswerejustgettingourfeetwetinthisfieldof
publicserviceItisalsoevidentthatthereisnoeasysingle
waytosecureasolutiontoourunsettledproblemsofto
morrowNeitherourlawnortheabatementprocessoffer
inthemselvesasatisfactorymeanstoourdesiredend

Howeverwhatwedoknowisthatweareagentsofthe
PublicoperatinginthefieldofpublichealthTomethis
meansaboveallelsethatwemustrecognizethatourefforts
shouldalsobededicatedtowardpreventivemedicine in

ourcasemosquitopreventionInterestinglythefirstde
finitionofpreventinthedictionaryistokeepfrom
occurring

Thisofcoursebringsusbacktowhereourpanelbegan
andtheinferencethatwemustcompetentlymeetthechal
lengeofthischangingworlddedicatedtoecologyandthe
environmentThelikelihoodofaccomplishmentwillbe
realizedwhenwecombinethethreeRsofpresentcon
cernintothesingleRofRESPECTThisRmustbe
wonthrougharededicationofourprogramstodownto
earthpersontopersoncooperativemodificationofthe
environmentFortunatelywewillfindthattherespectwill
bemutual



Timeaftertimeoverthelast20yearsIhaveheardthe
samequestionposedbyoperatorsmanagersandtrustees
SourceReductionCommitteemeetingsconferencesand
seminarsThequestioninoneformoranother

Howdowereachthegrowerandgethiscooperationin
reducingthemosquitoproblemwhichheisproducing

Thisquestionhasbeencussedanddiscussedalwaysina
ratherfrustratedmannerbecauseoftheelusivenatureof

thetopicandourinabilitytofindasatisfactoryusable
answerthatwecanapplytoourprogramswithreasonable
success

Theinsurmountablehurdlehasalwaysbeenthegrowers
preoccupationwithhisexistingproblemsbasedonhispri
orityconceptsandmanypersonalinterestsForustoreach
himwithourmosquitoproblemsandtakepriorityoverhis
otherinterestsrequiresanapproachwithconsiderableur
gencyNowwehavethisurgencywhichmayverywellin
1973growtoanemergencyratherthanjustanurgency

In1969wemadeamajorchangeinprogramdirectionat
theDeltaMADPersontopersoncontact withtwoper
sonsrepresentingDeltaMADWedeemphasizedsprayWe
facedtheobviousfactofresistanceandbegantoevaluate
theeffectsitwouldhaveonourfutureWithoutacheap
effectiveinsecticideoursprayprogramwasathingofthe
pastTimewasrightforamoveawayfrominsecticides
whichIthinkweallrecognizewasanopportunisticpro
gramwhichcontainedlittleopportunityforreducingour
mosquitoprobleminanyconstructivemanner

Thetimewasrightforamoveintoamuchmorecom
prehensivesourcereductionprogramwhichwoulddefine
theproblemandplacetheresponsibilityontheproducer
whereitbelonged

Wehavetakentheresponsibilityformosquitocontrolon
ourownshouldersoverthelast25yearsbythedevelop
mentofaninsecticideprogramNowwearegivingitback
tothegrowerWefeelthatthesourcereductionprogram
wehaveconductedoverthelast20yearscertainlyproves
tothegrowerthattheDistricthasandismakingeveryef
forttoconstructivelyassisthimtosolvethemosquitoprob
lemwhichheiscreating

Thenextstepwastoimpresstheproducerswiththe
necessityforimmediateactiontoatleastreducetheprob
lemtoaminimumlevelThisisthephaseweareworking
onatthistimeandIthinkwithreasonablesuccess

WehavehadasourcereductionprogramatDeltafor20
yearsbutwithacheapeffectiveinsecticideavailablethe
levertomotivateownersandoperatorsoflargeacreagesof
irrigatedpasturetovoluntarilyspendthemoniesnecessary
toproperlylevelthelandandinstalladequateirrigationand
drainagesystemswasastudyinfutilityIconcentratedmy
effortsongrowerswhohadsmallerproducingareasbut
weremoreprogressiveandwillingtoworkwithustoelimi
natestandingwaterontheirpropertyAfterallhowmany

WHATSNEWINSOURCEREDUCTION

GeorgeRWhitten

DeltaMosquitoAbatementDistrict

1737WestHoustonAvenueVisaliaCalifornia93277
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timescanyoucontactthesameunresponsivegrowerand
discussthesameproblemwithhimwithoutreachinganim
passeItisobvioustousthathewillnotmovewithout
strongermotivationwhichwillimpresshimwiththeimpor
tanceofimmediateaction

Wehaveusednewspapersandothermassmediamethods
inthepastandwillcontinuetousetheminthefuturefor
educatingthegeneralpublicButtoreachthegrowerthe
onlyeffectivemethodwehavefoundisaneyeballtoeye
ballmeeting

Inthefallof1968andspringof1969DistrictSuperin
tendentRobertETurnerandImadepersonalcontactswith
ourmajormosquitoproducersWeexplainedthedifficult
mosquitocontrolsituationwhichwewerebothfacingRe
sistancewashereandwithin2to3yearsweanticipated
thatouravailableinsecticideswouldberelativelyineffec
tiveWepresentedhimwiththealternativeofchanginghis
presentoperationswhichwerecausingmosquitoproblems
orfacinganangrypublicwhowebelievedwoulddemand
thathemakethesechanges

Thefirstrecommendationwhichwemadewastochange
thecropIrrigatedpastureisournumberonepotentialfor
mosquitoproductionandthemosteffectivemethodof
reducingthesourceistochangethecrop

Manysoilswillnotgrowanythingbutpastureandthese
ofcourseareamongourworstproblemsManymaynotbe
irrigatedwithoutproducingmosquitoesDrCharlesSchae
ferofUCFresnoisconductingstudiesofthesesoiltypes
atthistimeWehopethatwhethertheresultsarepositive
ornegativetheywillbeusefulWehavemadeothersugges
tionssuchasincreasedattentiontowatermanagementre
levelingthepasturesandinstallingdrainagebutwherethe
soilproblemisseverethemonetaryreturnsarepoorthe
incentivetoinvestinimprovementsisnegativeAsImen
tionedourchangeindirectionoccurredin1969Wecon
tinuedthesecontactswiththesesamegrowersthrough
1970and1971reviewingthepreviousyearsrecordsand
appealingtothegrowertohelptoalleviatetheproblem
whichhewascreating

Thesecontactsdidimpresssomegrowerswhoinstituted
changesthatimprovedthesituationIn1972webegana
programofcitingtotheDeltaMADBoardofTrusteesthe
growersthathadnotmadeamoveThiswasdonevery
selectivelyandinaveryfriendlymannerbuttheBoardwas
alsoveryfirminstatingitspositionandtheburdenwason
theproducerAtthistimewehavetheattentionofthe
growerswhohavebeencitedplusmanywhohadtheword
throughthegrapevine growertogrowercontactWemade
moreprogresswiththeLargepasturegrowersin1972than
overthepreceding20yearsWhetherwecanholdtheir
attentionandmakemoreimprovementsin1973weareun
certainbutwehaveeveryintentionofcontinuingthepro
graminitspresentformWedontfeelthatthisprogramwe



areusingisstrictlyalegalapproach itisaforcededuca

tionTheDistricthasbentoverbackwardorasoneofour

morevociferousautodealersintheValleysaysIwillstand
onmyheadtomakeyouadeal Weareliterallystanding
onourheadtobesurethateachgrowerhaseveryopportun
itytoexpresshimselftothestaffwhenwecontacthim
personallyandtotheBoardwhenheiscitedintoameeting
andshownslidesofhisproperty

Iwouldliketoshowsomeoftheslidesweuseatthese

hearingsIhavechosenthefirstgrowercitedintotheBoard
Healsohasbeenatthetopofourcostlistforanumberof
yearswhenweweresprayingallsourcesroutinelyIn1969
thebasicairplaneandinsecticidecostswere6000andif
wemultiplythisbyfivewhichisthefactorweuseforall
overheadmaintenanceofequipmentetcthecostcomes
to30000

Wedid1300worthofsourcereductionworkforthis
growerafterhiscitationthislastsummerthisofcoursewas
onlyadropinthebucketwhencomparedwiththeoverall
problembutitisastepintherightdirectionHealsopaid
130inspraycostsassessedagainsthim

Thenextexampleisacommercialplantproducingstains
andpaintsThisproblemconsistedofonlysevenacres
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whichsupported7calvesand4horsesstrictlyahobby
andverypoorlyirrigatedwithfreewaterAttheBoard
meetingthemanagerofthisplantpromisedthatifthey
couldntirrigatewithoutproducingmosquitoestheywould
stopirrigatingandthistheydidinthemiddleofAugust
Hemadeonestipulationthatwasthathisneighbors
problemsalsobecorrected

Withtheexceptionofonegrowereachofthe15that
havebeencitedintotheBoardhasappearedIthinkthey
haveleftfeelingthattheyhadafairhearingandanoppor
tunitytoairanygrievencestheyhadtotheBoardNow
theyexpectustocleanuptheirneighborsproblemsinthe
samemanner

Onceaprogramofthistypeisstarteditmustbepursued
vigorouslyorthegrowersthathavebeencitedandarebeing
chargedhaveaverylegitimatecomplaintthattheywere
singledoutunjustly

Wedonotintendtoallowthistohappenweintendto
continuethisprogramthrough1973andoruntilwefinda
moreproductiveapproach

Ihavedeliberatelyleftthespecificsofthelegalpartout
becauseDonMurraywillcoverthisverythoroughlyafter
therecess



OBSTACLESPRESENTEDBYTHESTATEANDREGIONALWATER

RESOURCESCONTROLBOARDS

TheCalifornialegislaturein1949passedtheDickeyAct
creatingstateandregionalwaterqualitycontrolboardsand
chargingthemwiththeresponsibilityofabatingwater
pollutionForthefirst20yearsthemajoreffortofthe
boardswasthecontrolofpollutionbyindustriesandby
citiesPersonnelemployedbytheboardsweregenerally
civilengineersorsanitaryengineersAnopinionbytheAt
torneyGeneraldeclaredthattheDickeyActalsoappliedto
agriculturaldischargesand1hewaterqualitycontrolboards
agreedtoconsideragriculturalwastesafterclarificationof
theproblem

Theengineersrecognize1hatcitysewagewastesmayadd
300partspermillionppmofmineralstowaterwhichal
readyhasanaturalcontentof500ppmthesewagedis
chargethenwouldbe800ppmThephilosophydeveloped
bytheengineerswastopermitanecessaryincrementof
mineralcontentbutnomore

ThePorterCologneActthestrictestwaterqualitycon
trolactinthenationwaspassedbytheCalifornialegisla
turein1970TheStateWaterResourcesControlBoard
thenaddressedtheagriculturalwastewaterproblemand
employedmetheonlyagriculturistonthestaff

Therearevariousopinionsrelatingtothedisposalof
irrigationwastewaterWaterqualitycontrolwouldbeim
provedifeveryfarminthaStatewereinawellmanaged
drainagedistrictwithirrigationwastewaterconveyedtoa
properplaceandtreatedinapropermannerSincethis
couldalsobenefitmosquitocontroldistrictsshoulden
couragetheformationofdrainagedistrictsHowever
somedrainagedistrictsdischargewaterintotheSanJoaquin
Riverandthereisaquestionofhowtoestablishdischarge
requirementsforthesedistricts

Whenafarmerirrigatesheputswaterwhichcontains
naturalsaltsontohislandTheplantsusesomeofthe

DwightCBaier
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watersomeevaporatesandthesaltsareleftinthesoil
Witheachirrigationthesaltcontentincreasesandeventu
allymustbeleachedoutifagricultureistocontinueIf
thereisasubsurfacedraintheexcesswaterandsaltsmove
tosomedisposalpointThemoreefficienttheirrigation
thesaltierwillbethedischargeperhapsupto30004000
ppmIfapoorirrigatorrunsmuchmorewaterthanhe
shouldhemaydilutethesaltssothatthewastehasonly
1000ppmIftheWaterQualityControlBoardweretoset
adischargerequirementonadrainagedistrictusingthetra
ditionalapproachoftheengineersforcitysewageplantsit
couldbedemandinguselotsofwaterbecauseyouhaveto
dilutethesalts Thiswouldbepushingthefarmerstowards
inefficientirrigation

Alsoiffarmerswouldbeunderdischargerequirements
inadrainagedistricttheywouldopposeformingsuchagen
ciesTheWaterQualityControlBoardcouldprovidesur
veillanceoverafewdrainagedistrictsbutnotoverevery
individualfarmerintheStateAwaymustbefoundtoen
abledrainagedistrictstoexistwithouthavingtopump
goodqualitygroundwatertodilutethedischargewhich
wouldinvolveaseriouswasteoftheresourcesoftheState

andexpenseRulesforhandlingsewagedischargescannot
applytoagriculturalwastes

ThePorterCologneActaddstothedutiesofthewater
qualitycontrolboardsthepreventionofnuisancesIfthe
wastedischargecreatesanuisanceitisthedutyofthe
boardstoabateitLegalcouncilhasconfirmedthatmos
quitobreedingcausedbyawastedischargefallswithinthe
responsibilityofthewaterqualitycontrolboardsMosquito
abatementdistrictpersonnelarethereforeencouragedto
attendregionalwaterqualitycontrolboardmeetingsandto
getacquaintedwiththepersonnelandtheprogram



HOWCOMPATIBLEAREMOSQUITOCONTROLANDAGRICULTURE

CBrunelChristensen
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Agriculturehasaroleinthecontrolofmanypestsin
cludingmosquitoesTheDepartmentofFoodandAgricul
turehasadetectionforcetonotethepresenceanddegree
ofinfestationofthevariouspestsAnanalysisismadethen
adecisiononprocedurewhethertoattempteradication
ortoacceptareasonablelevelofcontrolEachpestistreat
edasanindividualproblemConsiderationisgiventobio
logicalcontrolphysicalcontrolchemicalcontrolortoall
together

NewcastlediseaseinpoultryisacurrentproblemThe
StateDepartmentofFoodandAgricultureandtheFederal
Governmentbelievederadicationwasdesirableandfeasible
Afterayearofeffortcostingabout30000000andre
quiringthekillingof14000000chickensthediseasehas
notbeenobservedforthepast10daysandshouldbe
approachingeradication

ThepinkbollwormincottoncameintoCaliforniaafew
yearsagofromthesouthernstatesandisnowoutofcontrol
intheImperialValleyControlintheSanJoaquinValleyis
stilleffectiveandconsistsofseveralmeasures about

1000000sterilemalemothsarereleasedperdaythereis
aplowdownornohostperiodandsomesprayisused

TheComstockmealybugincitrusisinaneradication
programrequiringtheuseofmanyspraysandbiological
controlThewoolywhiteflyanothercitruspestcame
fromMexicoandoccursprimarilyintheSanDiegoarea
Aquarantinelinewasestablishednorthoftheinfested
areatotrytocontainitThreeyearsagoasprayprogram
costing1200000accomplishednothingexceptpossibly
tomakemattersworsebydisruptingbiologicalcontrolThe
citrusindustryrealizesthatthispesteventuallymayspread
throughoutthecitrusareaoftheStatebuthopestocon
tainitaslongaspossibleBiologicalcontrolwithanintro
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ducedparasiticwaspyieldsabout90controlinFlorida
andMexicoandisslowlybuildingupintheSanDiegoarea

TheDepartmenthasbeencriticizedbysomelegislators
andbythelegislativeanalystforitspesticideprogramHow
everitisthebestpesticideprograminthenationandinthe
worldItisafourprongedprogramdevelopedtopermit
continuinguseofpesticides

1RegistrationProgram Everypesticideherbicideand
fertilizeristestedanalyzedandreviewedforvalueand
controluse

2Licensee Allapplicatorsbothgroundandairsales
menandadvisersaretestedandlicensedLicensingand
examinationproceduresarethebestinthecountryand
arebeingimproved

3HealthandSafety Interdepartmentcooperativeregula
tionsspecifyreentrytimeforthereturnofworkerstoa
fieldwhichhasbeentreatedwithinsecticide

4ConsumerProtection Allpotentiallyaffectedfoods
aretestedforresiduesTolerancesforresiduesarerea
sonableandwithinfederaltolerancesLargemarkets
throughouttheStatearetestedperiodicallyWaterisalso
testedforresidues

Involvementofagriculturewithmosquitocontrolparal
lelsinvolvementwithotheractivitiesintheStatePrevious

effortstoachievemosquitocontrolbydrainagewerenot
sufficientinmostareasItisbelievedthatitwilltaketime

toencouragethenecessarychangesandthereisconcern
relativetowhowillpayforthechangesIftheyareofbene
fittoagriculturethenagricultureshouldbewillingtopay
forthemIftheymerelyprovidepublicbenefitthenthe
publicshouldsupportthem



DISTRICTVIEWPOINTSONUSEOFTHELEGALAPPROACH
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TheMaderaMosquitoAbatementDistrictisusingwhat
wefeeltobeawellroundedprogram

Firstwehavearegularprogramofinspectionandspray
ingofmosquitosourcesToproveapointwehavecut
downonoursprayactivityduemainlytosourceelimina
tion

Secondlyweareinvolvedinayeararoundpublicinfor
mationprogramaswellasaneducationalprogramTalks
aregiventoserviceclubstherearenewsarticlesradio
spotsetcandwehavecornpiledabookwecallMosquito
ResearchUnitGuideforTeachers Onrequestwefurnish
bookmarksliteratureandademonstrationkitonmosquito
lifecyclesThisisgearedforallclassesfromthefourth
gradetoadvancedbiologysinceitpermitsteacherstouse
informationneededfortheirparticularclasses

Thirdlywepracticelegalabatementactionagainstcon
sistentandflagrantoffendersOursisathreestepsystem
perhapsfourifyoucountthemanyverbalapproachesthat
aremadeThesystemconsistsofawarningacitationand
asalastresortlegalabatementactionItisdescribedinthe
ProceedingsoflastyearsConferenceCook1972

UnderthetopicwearediscussingDistrictviewpoints
onuseoflegalapproach Icangivefourexamplesofour
useofthelawtoabatebadsourcesInonecasewefollowed

thelawexactlyandservedtheCityofMaderawitha
NoticetoAbateanuisanceontheirsewerfarmWelisted

improvementstobemadethetimeinwhichtheyhadto
makethemandthedateoftheirhearingbutleftthedoor
openforthemtosubmitanyalternatemethodofcorrecting
thesourcetheymighthaveThiswasservedbytheSheriff
oneachcouncilmemberandtheCityAdministrator

Attheboardhearingtheysubmittedanalternatesug
gestionastohowtheywouldliketocorrectthesourceand
itwasacceptedThesourcewascorrectedanditneeded
onlytogoasfarasthehearingbeforetheMosquitoAbate
mentDistrictBoardTheDistrictspentatleasttwenty
yearstryingtogettheCitytodosomethingaboutthesewer
farmwithnoresponsebeforeweinvokedthelaw

Thesecondcasewasagainstanindividualandwefollow
edthesameprocedureaswiththeCityAtthehearingin
September1971heagreedtosubmitplansengineeredby
theSoilConservationServiceThiswastobepresentedat
theDecember1971BoardmeetingbuttheSCSdidnot
havethemreadyInJanuary1972hesentalettertoSCS
authorizingthemtosupplytheDistrictwithacopyofhis
proposalThiswasdoneandhewastoappearattheJan
uarymeetingtopresentthemwhichhedidnotdoHealso
failedtoappearattheFebruarymeetingAtthismeeting
theCountyCounselwasinstructedbytheDistrictBoardto
drawupandhaveservedaNoticetoShowCause This

wasdoneandtheindividualwasgivenuntiltheMarch
BoardMeetingtohavetheimprovementsmadethathehad
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submittedIfnothewastobeatthemeetingtoshow
causewhyitwasnotcompletedHedidnotappearandthe
BoardinstructedCounseltoproceedwiththelegalabate
mentaction

Section2272oftheHealthandSafetyCodestatesThe
nuisancemaybeabatedinanyactionorproceedingorby
anyremedyprovidedbylaw

OurBoarddidnotwanttogoontothismansproperty
andrelevelputinreturnsystemsoranythingelsethey
wantedhimtodowhatwasnecessaryandforhimtoaccept
hisresponsibilityWiththeBoardsfeelinginmindthe
CountyCounselmadeupandhadservedanOrdertoShow
CauseforTemporaryInjunction APreliminaryInjunction
wasgrantedbytheSuperiorCourtinMaderaonJuly26
1972Thisshouldhavestoppedallbreedingbutinsteadhe
continuedtowaterjustashehadbeforeOnAugust23we
werebackincourtwithacontemptchargeagainsthim

Wefeltandstillfeelthecasewasverystrongagainsthim
forcontemptTheRoadDepartmenthadissuedafinea
gainsthimforfloodingtheroadaftertheinjunctionwas
issuednotcountingallthelarvasampleswehadandour
havingtosprayuptotwiceaweekonsomeofhisparcels
OnFridaybeforeweweretoappearincourtonWednes
daythemaindefendantwenttothehospitalwithcancerof
thelungandwasgivenlessthansixmonthstoliveThis
lefthis23yearoldsonwhoisapartneralloftheresponsi
bilityIcannotsayitdidbutwithalltheevidencewehad
thesicknessofthefathermusthaveinfluencedthecourt
whichdidnotfindhimincontemptWestillhaveourin
junctionandtheJudgelecturedtheboyveryhardonwhat
hewastoyingwithandassuredhimtheMosquitoAbate
mentDistrictwouldwinintheend

Thethirdcasewasagainstanabandonedpotatoshed
locatedinsidetheCitylimitsthathadbeenleftwithall
vatsandpondsfullofwaterandrottenpotatoesTheown
ersweregoingthroughbankruptcyandwehadtoserve
noticeontheBankofAmericaCityofMaderaSouthern
PacificRailroadlandownersaswellastheownersWe
workedwitheachandeveryoneofthesepeoplefromMarch
of1972untilAugustwithnoactionbeingtakenbyanyof
thepartieswiththeexceptionofmanyverbalpromises
ThePG EturnedonthepowerforusinAprilsothe
ownerscouldpumpoutthevatsandpondsbutuntilthe
ordertoshowcausewasservedandahearingbeforethe
MADBoardinAugustnophysicalactionwastaken

ThisagainwentonlyasfarastheBoardhearingwhere
acertaintimelimitwassettohavethenecessaryworkdone
Itwastakencareofandthesourceeliminated

JustthispastweektheCityEngineercalledmeand
thankedmeforgettingthemontheballandbringingthese
pondstotheirattentionItseemstheCityofMaderaand
SPareworkingoutplansfortheCitytoleasetheponds
installaliftpumpandusethemforfloodcontrol



ThefourthcasehappenedinOctober1972 theSheriff

servedatemporaryrestrainingordersignedbytheSuperior
CourtJudgeonanindividualleasingapproximately280
acresfromSouthernPacificLandCoThenoticewasalso

servedonSPFollowingserviceofthetemporaryrestrain
ingorderahearingwastobeheldinSuperiorCourton
November31972butthepartiesstipulatedtoaprelimi
naryinjunctionandthenecessaryworkwastobecom
pletedwithin90daysWehavejustgiventhemanother90
daysduetothewetweatherwehavehadThereasonfor
thetemporaryrestrainingorderisanattempttospeedup
theproceedings

Wespentalmostayearonthesecondcaseandallthis
timetheoffendercontinuedtodonothingtolessenthe
pondingofwaterandraisingofmosquitoestuningout
ourpleasandthreats

Wehopethisnewapproachwillspeedupnotonlydis
cussionsbutactionbytheindividualconcernedbecause

TheDeltaMosquitoAbatementDistrictin1972didnot
haveanyinsecticideswhichwouldprovideeffectivecontrol
ofthepasturemosquitoAedesnigromaculiswithrepeated
applicationsoverextensiveacreagesThereforethegrowers
whowereproducingthesemosquitoeshadtobetoldwhy
theiragriculturalpracticeswereproducingmosquitoesand
whattheymustdotostopcreatingapublicnuisance

ThisDistricthadbeenmakingpersontopersoncontacts
withgrowersyearafteryearIthadsentletterstogrowers
forover20yearsyetinmostcasestherehasbeennochange
whatsoeverbythegrowerContactswhetherindirector
directwithoutmeaningfulfollowuphavenotaccomplished
mosquitopreventionIn1972theDistricttookseveralsteps
toprovidemeaningfulcontactsandfollowup

Aformalpolicyletterwaspreparedandmailedtoall
growerswhoproducedunacceptablenumbersofpasture
mosquitoesduring1971and1972Thiswasastrongletter
yetitinvitedcooperationThemosquitoproducerswere
advisedthattheywereproducingunacceptablenumbersof
mosquitoesandthatstepswouldbetakenbytheDistrict
iftheydidnotcorrecttheirpracticesThispolicyletter
stressedfourpoints

1Thedeliberateanddirectfloodingofunleveledorinade
quatelypreparedlandisstrictlyforbiddenifitresultsin
mosquitoproduction

2Usingadjacentunleveledlandfordrainagefromcrop
landisforbiddenifitresultsinmosquitoproduction

3Theproductionofmosquitoesbyanygrowerfromland
closeenoughtoseriouslyaffectpopulatedareasisfor
biddenThelimitwillbeatleast2milesbutcanbe

WDonaldMurray

DeltaMosquitoAbatementDistrict
1737WestHoustonAvenueVisaliaCalifornia93277

therestrainingorderwillkeephimfromwateringpoorly
leveledgroundormisusingwatersoastocauseponding

FromstatementsmadetoDistrictemployeesmyself
personallyandtheBoardofTrusteesbymembersofthe
CityCouncilBoardofSupervisorsandcitizensofour
CountyIfeelwehavethebackingofthemajorityinwhat
wearedoingThelocalnewspaperhastoldmemanytimes
thatwehavetheir100supportandanythingtheycando
willbedone thelocalradiostationhasrespondedinthe
sameway

Ithinkmostpeoplearesickandtiredofthefewcausing
problemsforthemanyandaregladtoseeustakingthis
approach

REFERENCESCITED
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VIEWPOINTONUSEOFTHELEGALAPPROACHTOMOSQUITOCONTROL

somewhatfartherfromthepopulatedareas
4Allirrigatedalfalfafieldsandpasturesbeyondthe2mile

limitmustbeputonalimitedtimetableforcorrection

Theletterexplainedwhatactionmightfollowifunac
ceptablemosquitoproductioncontinuedThiscouldbea
citationaboardhearingandachargeforsprayingorit
couldbeareferraltotheDistrictAttorneyresultingina
fineformaintainingapublicnuisance

Theletterwassenttothemosquitoproducersbycerti
fiedmailtheredtagontheenvelopehelpingtoattract
theirattentionTherehasbeenmuchresponseandmany
correctionsSomeofthosewhofailedtomakechangeswere
givenacitationandinvitedtoahearingbeforetheDistrict
BoardofTrusteesThecitationswerealwaysdeliveredby
twomembersoftheDistrictstaffnotbymailorbya
sheriffOutof15citationsduring1972allbutonegrower
cametothehearingandallmeetingshavebeenpleasant
Colorslidesofthespecificproblemsareshowntoeach
growerThehearingshavebeenratherlowkeytwomain
pointshavebeenstressedOnetheDistrictstaffwillwork
closelywiththegrowerandtwoifnecessarytheDistrict
willsprayandchargethegrowerforthecosts

Thegrowersdonotlikethislegalapproachtheywould
liketobeleftaloneButtheDistrictworksforeveryonein

cludingabout100000peopleand400orsomajorgrowers
shouldnotbepermittedtodestroythequalityoftheenvi
ronmentforeveryoneTheprimaryreasonfortheexistence
oftheDistrictistoreducemosquitoestoatolerablelevel
wantonorcarelessdegradationoftheenvironmentisno
longeracceptable



TheConsolidatedMosquitoAbatementDistricthasbeen
abletocutitstaxrateinhalfsinceitwasformedin1946

atthattimeitwas15nowitis075In1947apolicy
wasadoptedbytheDistrictBoardstatingthattheperson
creatingthemosquitosourcewasresponsibleforitscorrec
tionTheBoardalsotookthepositionthattheDistrict
wouldberesponsibleforcorrectionandmaintenanceof
naturalmosquitosources

TheDistrictdidnotrushintooquicklytoconfront
agriculturewiththispolicyThebestpositionappearedto
betofirstgetaprogramorganizedandmakethepeople
awareoftheDistrictTherewereannexationsinprogress

sothatby1951thesizeoftheDistricthadincreasedfrom
about250squaremilestoalittleover1000squaremiles
DuringthattimetheDistrictpurchasedequipmentand
tacklednaturalproblemsAdirectapproachwasmadeon
thedisposalofcommercialliquidwastesandwiththehelp
oftheCountyHealthDepartmenttheCountyCounseland
theFresnoMosquitoAbatementDistricttheCountyBoard
ofSupervisorswasprevaileduontopassanordinance
coveringthedisposalofindustrialwastesinFresnoCounty
Sincethattimedisposalofthesewasteshasnotproduceda
significantproblemThedistrictsalsoobtainedanordinance
coveringhouseholdwastedisposalandtheyworkeddirect
lywiththecitiesontheimprovementofcommunitywaste
disposalsites

TheBoardofTrusteesoftheDistrictfinallybelievedit
wasappropriatetodirectfullattentiontothetoppriority
problemthecontrolofmosquitoesrelatedtoirrigatedagri

RESULTSOFABATEMENTHEARINGS

TheodoreGRaley
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cultureThefirstabatementhearingwasheldin1955
whentheDistrictcitedfivepropertyownersinvolving
about2squaremilesThisgroupwascitedtothesame
hearingbecausethepropertieswereadjacentandnoone
couldbeselectedovertheothersTheproblemswereon
moreorlessmarginallandwhichprosperousrancherswere
developingforlateruseThesegrowersbroughtalawyer
tothehearingTheDistrictconcededthatinordertoleach
outthealkaliitwasnecessaryforthegrowertoallowwater
tostandalthoughalternativeproceduresmighthavebeen
availableTheDistricttookthepositionthattheburdenof
mosquitocontrolonthesepropertiesshouldnotfallonthe
taxpayersThelawyerwithdrewfromthecasebecausehe
hadbeenmisinformedbyhisclientsthegrowersagreedto
payforapartoftheworkdonebytheDistrictduring
theprecedingyearandthelandcausedverylittleproblem
insucceedingyears

Therehavebeenotherabatementhearingsinotheryears
Ineachcasetheownerwasgivenfullopportunitytore
spondvoluntarilybeforeahearingwascalledIneachcase
theresponsehasbeengoodTheBoardhasindicatedwill
ingnesstobillthegrowersforworkperformedbytheDis
trictandtotakewhateverstepsmaybenecessaryifthe
problemcontinuestocauseanexcessivesprayloadforthe
DistrictThegrowerswhohavecometothehearingshave
madeorareintheprocessofmakingcorrectionsDuring
thispastwinterabout400lettershavebeensentthanking
peopleforthehelptheyhavegiventheDistrictinthepast
yearinreducingtheneedforspraying



EXPERIENCESINTHEPERSUASIONOFPROPERTYOWNERSTO

ALTERTHEIRLANDORWATERUSEPRACTICES

Withalargenumberofpasturesapproximately10000
acresthatwereraisingresistant4edesmosquitoesthe
SutterYubaMosquitoAbatementDistrictcommenceda
programofsourcereductionin1971

InitiallytheDistrictsplansweretosurveytheknown
badpasturestodeterminetheextentoftheproblemso
thatwemightunderstandwhatitwouldrequireintheway
ofequipmentandlabortocorrecttheexistingcauses

Afterthesurveywedevelopedaprioritylistofpastures
usingdegreeofinsecticideresistancenumberofresidences
intheareasizeofsourceinrelationtocostofcorrection
andothercriteria

Asitsometimeshappenswedidntstartontheproperty
withthehighestpriorityThiswasduetoanexceptional
offerofcooperationbyalandownerwithalowerpriority
WethoughtthatMrMorrisonraisedmosquitoesdueto
poorwatermanagementsoweofferedtoirrigateforhim
heacceptedOneofouremployeeswhohadexperiencein
irrigationtookontheprojectWhenthelandwasprevious
lyirrigateditwouldproduceaboutthirtymosquitoesper
pantlegafterwefinisheditonlyaveragedoneperlegWe
explainedtoMrMorrisonhowweirrigatedHethentried
toduplicateourtechniqueandhealsowasassuccessful
Hecontinuedtoirrigatetherestofthegrowingseasonwith
outproducingenoughmosquitoestospray

Wehavehadpeoplewhowerenottoointerestedinour
programMrRosslivednexttoamunicipalgolfcourseand
hadseveralhundredacresofpasturethatwereproducing
mosquitoeswhichwereannuallybecominghardertokilldue
toinsecticidalresistanceWesentalettertoMrRossout

liningourconcernofthelevelofresistanceinhismos
quitoesandofferedtohelphimcorrecttheproblemsthat
causedhisoperationofhispropertytoraisemosquitoes
Severalweeksafterwesenttheletterwemadeafollowup
visittohimandfoundthatourletterhadbeenthrownaway
uponreceiptratherthanbeingcarefullystudied

MrRosshadseveralmonthsearlierleveled120acres
ofpasturetosatisfyaneedhefeltwasnecessaryHedid
thiswithoutpromptingfromtheDistrictAtthetimehe
hadreceivedourletterhehadnotrecognizedthevalueof
hislandlevelinginregardstoreducedmosquitoproduction
Bytheendofthesummerhemusthavenoticedthediffer

EugeneEKauffman
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enceintheproperlyleveledfieldascomparedtothema
jorityofhisranchbecausehesoughtouttheSourceRe
ductionForemanandaskedfortheassistancewehadoffer

edinourletter

NotonlyhavewehadagoodresponsefromMrRoss
inthathehastakenmoreawarenessofwhatcausesmos

quitoesbuthehasbeengoingaroundthecommunitytell
ingpeoplewhathehasdoneandthattheirplacescouldbe
bettertooWeknowthisistruebecausetheyhavebeen
askingforhelp justlikeyoudidforMrRoss

Notallofthelandownershavebeenascooperativeas
MorrisonandRossandMrCogninamayyetliveuptoour
dreams

MrCogninafarms140acresofpastureandduetoland
layoutirrigationpracticesetchehasraised5070mos
quitoesperlegwitheachirrigationThesemosquitoesdo
notstayonCogninaspropertytheyoftenmovetothe
northIn1971wespent2000onMrHoffmannorthern
neighborand850ontheCogninapropertyonaircraft
costandinsecticideBecauseofthehighexpenseonthe
adjacentpropertyduringthewinterof197172wesat
downwithMrCogninaaBVCengineerandabiologist
anirrigationpasturespecialistfromtheUniversityofCali
forniaDavisandDistrictpersonneltodiscusswaysof
controllingmosquitoesbylandusechangesItwasdecided
thatMrCogninawouldlevelandreseedpartoftheprop
ertypartwouldbeuntouchedandtheremainderwould
havesomenewirrigationanddrainageditchesdugtoim
provethepotentialforbetterirrigationpracticesthelatter
wastobedonebytheDistrictInsubsequentyearsthere
mainderofthelandwastobeleveledandreseededThis

wasalltobedoneoveraperiodoffiveyearswithoutMr
Cogninaremovinganyofhisbroodcowstheimprovements
tobepaidforbyimprovedpasturageattheendoften
years

TheDistricthascompleteditsassignedtaskbutMr
Cogninahasnotleveledanylandnorhashetakenadvant
ageoftheworkdonebytheDistrictTheonlyplusvalue
ofMrCogninasoperationwasthathedidnotirrigatethe
landthatwasscheduledtobeleveled

Thishasbeenonlythreeofthesixprojectsthatwehave
carriedtothisdegreeofcompletionandtheotherthree
appeartohavethesameratioofgoodcooperationvsslow
cooperation



LEGALACTIONSFORABATEMENTOFMOSQUITOBREEDINGIN

THESOUTHEASTMOSQUITOABATEMENTDISTRICT

TheSoutheastMosquitoAbatementDistrictsincestart
ofoperationin1952hasundertakenseveralactionsupto
andincludinglegalactionincourttoobtainmosquito
breedingcorrectionsbymosquitoproducersIwillnotde
tailtheexactletterssenttothemosquitoproducersbut
willsummarizeforanumberofcases

1Adairymanwhowasabigproducerofseveralspeciesof
mosquitoesinpermanentpastures
aOverirrigationresultinginbreedingofCulextarsalis

andAedesnigromaculis
bInadequatehandlingofdairywastefrommilkingbarn

therebycausingproductionofCulexquinquefasciatus
andCulexpeus

cThefirstprocedurewasattemptofthefieldoperator
togetcorrectionbyverbalmeansandadmonishment
Sincethismethoddidnotworkaletterfromthe
Managerwassentthedairymanadvisinghimofthe
lawscoveringthisviolationaswellastheprocedure
thatwouldbefollowedifhedidnotcorrectthemos

quitobreedingSincehedidnotcorrectthemosquito
breedinghewaswrittenaletteradvisinghimtoap
pearatahearingatthenextBoardofTrustees
MeetingSincehedidnotappearforthehearinga
casewasfiledagainstthedairymanonseveralcounts
whichincludedtheviolationofseveralsectionsof

Chapter5oftheHealthandSafetyCodeandnuisance
provisionsoftheLosAngelesCountyHealthOrdi
nanceThisisnottheprocedurerecommendedby
mostdistrictattorneyssinceagoodprocedureis
supposedtobecoveredbyonemajorprovisionof
lawInanycasetheDefenseAttorneymetwiththe
ManagerandProsecutingAttorneyandagreedto
pleadthedairymanguiltyononecountiftheother
chargesweredroppedThisdairymanservedasanex
ampletotheseveralhundredotherdairymeninthe
Districtsothatallthatwasneededtogetcorrections
wasaletterofwarning

2ImproperdisposalofbrewerywastesOneofthelargest
breweriesintheDistricthandlesplantfloorwashingsand
otherwastesinsuchamannerthatheavymosquito
breedingwascausedinseveralmilesoffloodcontrol
drainagechannelsThespeciesinvolvedwereCulex
quinquefasciatusandCulexpeusAletterofwarning
andrequirementsweresentthemanagementofthe
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brewerywhichresultedinanumberofactionsThe
brewerycalledintheCountySupervisorinwhoseDis
trictthebrewerywaslocatedaswellasotherpoliticians
Aftersuitableconferencesotheragenciesincludingthe
LosAngelesCountyFloodControlDistricttheCounty
DepartmentofHealthServicestheLosAngelesCity
PublicWorksDepartmentandtheLosAngelesCounty
Engineerwerecalledinresultinginaprogramofcorrec
tiveactionthatwillinthenearfutureabatetheproblem

3SwimmingpoolsThereareover100000swimming
poolsintheDistrictofwhichinthewinterapproxi
mately700areneglectedandbreedmosquitoesonetime
oranotherTherestoftheyearatanyonetimeapprox
imately300arefoundtobreedmosquitoesAnumber
ofthesepoolsarelocatedonpropertieswhichhavevar
iouslegalproblemsThepropertymayhavebeenrepos
sessedwiththeformerownerstilloccupyingtheprop
ertyThepropertymaybeonthevergeofrepossession
Thepropertymaybeownedbyapersoninaverydiffi
cultcircumstancesuchaswidowwith9childrenThe

procedurefollowedistoattempttogetcorrectionverb
allyorbywrittennoticebythefieldoperatorIfthis
proceduredoesnotworklettersaresenttotheproperty
ownerandoccupantlistingtheproblemandthelegalas
pectsoftheactionThedifficultyinthistypeofabate
mentistofindoutwhothepropertyownerisMuch
timecanbeconsumedinsearchofCountyrecordsWe
currentlyhave4violatorswhorefusetocorrectthe
violationandnoticeofhearingThesearetobeplaced
inthehandsofprivatelegalcounseltogettherecords
searchedsothattheappropriatepersonorcorporation
canbechargedfortheviolation

InmyopinionthecurrentlawscoveredintheHealth
andSafetyCodefromSection2270through2289canbe
usedeffectivelybymosquitoabatementdistrictstoobtain
abatementofviolationsWhenitappearsthatrealresistance
istobeencounteredfromtheviolatorsandbythisImean
legallythenadditionallegalapproachesshouldbeconsider
edandtheseincludeuseoflocalcountyhealthdepartment
nuisanceordinancesIfthemosquitobreedingisinacity
thenuisanceprovisionsofthecitynodoubtcouldbeused
Furthermoreadvantagecanbetakenofthenuisancepro
visionsoftheHealthandSafetyCodeundertheextraordi
narypowersoftheDirectorofPublicHealthoftheStateof
California



AtTurlockMosquitoAbatementDistrictwefeelthat
legalprocedurestoeliminateamanmademosquitosource
shouldnotbebeguniftheycanbeavoidedIfitcannotbe
avoidedthenwefeelthatgeneralpublicsupportofthe
Districtinitseffortstoenforcethelawisvitalasitisfor
anyprogramadistrictmaypursue

Inadditiontodeterminingmosquitosourcesanalyzing
whyeachoneexistsandcontactingpropertyownerswe
haveembarkedonalongrangepublicinformationprogram
Theprogramisplannedtoinformthegeneralpubliconthe
currentmosquitoproblcmandwhatthecommunityandthe
DistrictmustdotocopewithitOnApril11971we
joinedwiththreeotherdistrictstodevelopaplannedpublic
informationprogram

TurlockEastSideMaderaandKingsmosquitoabate
mentdistrictssignedaoneyearcontractwithapublic
relationsconsultantformaterialsandservicesdesignedto
assistthedistrictsintheirprogramofpublicinformation
Theconsultantsuppliedthedistrictswithradioannounce
mentsnewsreleasespostersandconsultationeachmonth
aslistedinthescheduleofservices

Wepreparedabasicpublicinformationoutlinetobeused
asaguideforselectionofsubjectsortopicsThemainhead
ingswere

I Statingtheproblem
II Backgroundinformationonmosquitoes
III Generaleducationonmosquitoes
IV Solutions mosquitoprevention
V RoleoftheDistrictsandtheCommunity

Duringtheoneyeartermofthecontractwiththefour
districtsmanagersmadecontactswithnewspaperreporters
andeditorsradiobroadcastersutilityservicepeoplelibra
riansandanyoneelsetheycouldthinkofthatcoulddis
seminateinformationmaterialtothepublicWhenthecon
tractexpiredinMarch1972wefeltwehadgainedenough
experiencetocarryonwithouttheservicesofapublic
relationsconsultant

Thefouroriginaldistrictsplusfourmorejoinedto
getherandformedtheSanJoaquinValleyPublicInforma
tionCommitteeThisCommitteehelditsfirstmeetingat
TMADApril111972

Weworkedoutabudgethiredacartoonistandacopy
writerandwentonaboutthebusinessofcontinuingour
publicinformationprogram

ThisPublicInformationCommitteemeetsonceamonth

withourstaffWediscussandselecttwotopicsforeach

APLANNEDPUBLICINFORMATIONPROGRAM

StephenMSilveira

TurlockMosquitoAbatementDistrict

4412NorthWashingtonRoadTurlockCalifornia95280
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monthtobeusedasthethemeforradiospotsnewsarticles
bookmarksandstuffersThispastseasonwehaveconcen
tratedonmaterialsforradiodailyorweeklynewspapers
bookmarksforcountylibrarysystemsandstuffersin
monthlyutilitystatementsWehavedonethisbecauseit
hasbeenproventhemosteconomicalmeansofdisseminat
inginformationRadiostationsbroadcastourannounce
mentsfreeofchargeasapublicserviceNewspapersocca
sionallyprintournewsreleasesaspresentedorwilloften
callforaspecialarticlebytheirstaffreporterAtTurlock
ourlocalutilitymails31000statementseachmonthand
willincludeourstufferatnocosttousOurcountylibrary
systemshandout6000bookmarksat500mWecould
extendourpublicinformationeffortstothelocalschools
onceaweekshoppingnewsmonthlytrademagazinesfree
outdooradvertisingOutdoorAdAssociationofAmerica
andtelevisionOurstaffisalsocapableofwritingand
drawingmaterialforpamphletsandleaflets

Thecosttoeachmemberdistrictisapproximately100
peryearfordevelopmentofwrittenmaterialandcartoons
Thisincludes12bookmarks9615secondradiospots24
newsreleases24cartoonstobeusedon12bookmarks
and6stuffers

AtTurlockwefeeltheprogramhasproducedpositive
resultsWhenDistrictpersonnelcontactpropertyowners
whoproducemosquitoesmostofthecontactsremember
hearingsomethingaboutmosquitoesonradioorreading
aboutitinnewspapersWhenthecountyorcityplanning
commissionsholdhearingsonproposedlandusesinvolving
topographychangesthepublicwilloftenaskwhateffect
thechangewouldhaveonmosquitoproductionNotknow
ingexactlywhateffectitwillhaveonmosquitoproduction
thecommissionswillasktheDistrictforrecommendations
Severallandusepermitshavebeenmodifiedordeniedin
theTurlockareaasaresultofDistrictrecommendations

CitiesirrigationdistrictsCountyPublicWorksDepart
mentandotherpublicagenciesarealsobecomingawareof
theirresponsibilityincomprehensivemosquitocontrol

ThepopulationinTMADisestimatedat90000
Throughpersonalcontactswithpropertyownersandtalks
toserviceclubsandothergroupsweestimatewewerein
contactwithapproximately2000peopleTobesuccessful
acomprehensivemosquitocontrolprogrammusthavethe
supportandcooperationoftheentirecommunityOur
publicinformationprogramisanefforttoreachtheother
88000peopleinourDistrict

TheSanJoaquinValleyPublicInformationCommittee
nowhas13districtsparticipatingNewmembersare
welcome



STUDENTCONCERNWITHTHEENVIRONMENT

WilliamHSteinmetz

GoletaValleyMosquitoAbatementDistrict

PostOfficeDrawer460GoletaCalifornia93017

Inthe1950sandearly1960sanenvironmentalistwasa
personinvolvedwithenvironmentalhealthHeknewalittle
abouteverythingrelatedtotheenvironmentInthelate
1960swhenthewordenvironmentcameintopopular
usagetheenvironmentalistbecameapersoninvolvedin
impactstudiesofthewaysvariousactivitiesrelatetothe
landThisisclosetothefourthanniversaryofthelandmark
dateoftheenvironmentalmovementintheUnitedStates
January281969whentheoilspillbeganatSantaBarbara
Thepeopletherewereupsetbecauseoneoftheoffshore
oilplatformswasleakingoilontothebeachesThatwellis
stillleakingslightlyprobablynotmuchmorethanthe
naturalleaksthathavebeenoccurringforthousandsof
years

StudentsareconcernedwiththeenvironmentThirteen

thousandwellorganizedyoungpeoplearelookingfora
missionandprotectingtheenvironmentprovidesanideal
projectforthemAfewyearsagotherewereriotsatthe
SantaBarbaracampusbuttherewerenotalotofstudents
involvedinthemPerhaps500peoplewerewalkingaround
theadministrationbuildingbut13000weregoingto
classesPerhaps5ofourstudentsshouldnotbetherebut
shouldbeoutworking

WalterHickelformerlySecretaryoftheInteriorwas
underfirebecauseoftheoilspillHewasnotrecognizedat
thetimeasaleaderintheenvironmentmovementButina

famouslettertoPresidentNixonhestatedthatyouthinits
protestmustbeheard

Recentlystudentsdecidedthatweshouldnotbeusing
24DonthecampusTheyapproachedthematternotfrom
anemotionalstandpointbutwithtechnicalfactsTheyare
aformidablegroupwellorganizedandintelligentEarlier
thestudentsfoundthatnoonewaslisteningtherewasa
lackofcommunicationandthishelpedtopromotedis
ordersThentherealwaysseemstobeafewstudentswho
shakethingsupjusttogetattention
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Popularsupportfortheenvironmentalmovementwas
acceleratedwhenRachelCarsonpublishedSilentSpringIn
1968theDDTscarewasrampantbutmosquitodistricts
hadquitusingitbythattimeanywayThencametheoil
spillandtheconcernsthatpublicofficialscouldnotbe
trustedbecausesomefailedorrefusedtoact

StudentsfacethefuturewithalarmTheyseepollution
urbansprawlandanimalsbecomingextincttheyfeelthat
thescienceofecologymustbefollowedinordertosurvive
Theybelievethatnationalandstateleadersmustbeenviron
mentallyorientedandinsistthattheylistenManyrecog
nizethatwecannotstopdevelopmentaminoritydemand
thatsocietystopimmediatelyregardlessofconsequences
SomebelievethatriotingatSantaBarbarawasrelatedto
thewarinIndochina

StudentsontheUCSantaBarbaracampushavebeen
quiteinvolvedinthefieldofecologyDuringtheoilcrisis
theyactivelyparticipatedinthebirdandanimalcleanup
Theytookpartinadebateoveraproposedfreewayacross
theGoletasaltmarshThissaltmarshisasourceofmos

quitoesandtheGoletaValleyMosquitoAbatementDistrict
wouldhaveappreciatedhavingiteliminatedHoweverthe
studentsandsomefacultyopposedthefreewayandwanted
themarshleftaloneThefreewayhasbeenstoppedthe
environmentalistswon

StudentsformedagroupcalledStudentsforEnviron
mentalDefense latercalledEcologyAction Most

collegecampuseshavesimilarorganizationsOnmanyocca
sionstheyhavebeenathorntotheadministrationyetthe
demandforprotectionoftheenvironmentmaybeagood
thing

Inthefuturestudentswilltakemoreinterestinthe

environmentTheyarenotfanaticstheyareconcerned
aboutthefutureThefactthatmostofthesestudentswill

soonbevotersmustbeconsideredbythepoliticians



TRUSTEESCONCERNOVERLIMITATIONSOFPESTICIDEUSE

Atrusteeisappointedselectedelectedorhemanipu
lateshisownappointmentinsomewayHiscapability
variesdependingonhisenvironmentandhisinterestsHe
hasthreebasicresponsibilitiestothepublictotheem
ployeesofthedistrictandtohimselfTobevaluablehe
musttakeanactivepartinhisjobastrusteeTheultimate
responsibilityforeverythingthedistrictdoesrestsuponthe
BoardofTrustees

Insectsasagrouparethemostsuccessfullivingthingson
earthfaroutnumberingallotherformsofplantandanimal
lifeTheinsectswhichthemosquitoabatementdistricts
strivetocontrolareaformofanimalwithjointedlimbsa
skeletonontheoutsideandthreebodyregionsthehead
thoraxandabdomenTheyhavethreepairsoflegsMost
insectshavetwopairsofwingsbutfliesandafewothers
havejustonepairandsomehavenone

Insectshavebeencontrolledmoreorlesssuccessfully
withchemicalscalledinsecticidesTherearetwomajor
groups stomachpoisonsforthechewinginsectsand
contactpoisonswhicharesprayedordusteddirectlyonthe
insectsThelatterareusuallyusedtocontrolinsectswith
piercingandsuckingmouthparts

EachtrusteeshouldaskWhatamIsupposedtodo
abouttheuseofinsecticides Eachtrusteehasaresponsi
bilitytothepublicandheshouldtakeitseriouslyHe
shouldalsoaskWhatamIasatrusteesupposedtodo
forthemanagerandtheotherpeoplewhoworkforthe
district andHowamItotellthemwhattouseand
howtouseit Weemployexpertpersonneltheytellour
boardwhattheywouldliketodoandwegivethemauthor
ityButdowealwaysprovidethemthetoolsandassistance
theyrequireWearenotsupposedtobetechnicalexperts
wearesupposedtorepresentthepeopleWeneedhelpfrom
expertswhocanproperlyadviseourstaffandourtrustees

Inasmuchaswearefacedwiththeproblemofarapidly
decliningeffectivesupplyofacceptableinsecticides
pesticideslarvicidesetcIfeelthatourbestapproachisto
designandimplementapreventiveprogramratherthana
curativeoneWeinOrangeCountyhavegonealongway
towardsuchaprogrambysettingandmaintainingafeasible
andlegalSourceReductionPolicy

TheOrangeCountyMADbasicallyisnotanagricultural
areabutonethatisurbanwehave26citiesOurproblems
thereforeareappreciablydifferentfromthoseofdistricts
intheCentralValley

Inpracticewearenotasharshasitmaysoundfromthe
statementswhichfollowTheprogramiscarriedonbythe
DistrictsmanagerandstaffTheyuseasoftsellpublicrela
tionsapproachwithahugestickbehindthemintheHealth
andSafetyCodeOnlyinonecasesincetheformationof
theDistricthavewecomeclosetousingthelegalnotifica
tionandthatprovedtobeamatteroffailureincommuni

WilliamSBrown

OrangeCountyMosquitoAbatementDistrict
PostOfficeBox87SantaAnaCalifornia92702
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cationsOncetheproperpeoplewerenotifiedthematter
wasresolvedwithoutresorttolegalprovisions

Thepropertyownerresponsibilityclauseandthemehave
workedexceptionallywellinourareaWearefortunatein
thatweareagrowingcommunityandweareinonthevery
beginningofthepreparationofthelandfromnaturaltothe
forthcomingunnaturalconditionsWearethereearlywith
theinformationthatisnecessarytopreventsourcesfrom
occurring

HergarethepolicieswhichourDistricthasadopted
STATEMENTOFSOURCEREDUCTIONPOLICIES

DefinitionofSourceReductionTheinterpretationofthe
termsourcereductionisnotlimitedtothephysicalact
ofreducingsizeoreliminatingabodyofwaterlargeor
smallbytheconventionalmethodsoffillingordraining
SourcereductionmethodsinOrangeCountyincludeany
effortoractthatwillaidinthereductionoreliminationof

adultmosquitoproductionfromanybodyorcontainerof
waterthatisconducivetothebreedingofmosquitoes

Thesesourcereductionmethodsincludethefollowing
practicesbythepersonoragencyresponsibleforthepre
ventionofmosquitoproduction

1Physicalcontrolbydesignandconstructionofnewfacil
itiesandbydrainingorfillingofexistingfacilities

2Biologicalcontrolbyuseofmosquitofish
3Operationalcontrolbymanagementandmaintenanceof

agriculturalirrigationandwastewaterdisposalfacilities
incombinationwithweedcontrol

4Chemicalcontrolbyuseofmosquitolarvicides

SUMMARYOFBASICPOLICYPropertyOwnerRe
sponsibilityisthetermthatbestdescribesthesourcere
ductionpolicyadoptedbytheOrangeCountyMADBoard
ofTrusteesTheDistrictexpectsthelegalownerofthe
propertyReference2includingallpublicagencies3
4and7topreventmosquitoproductionastheresult
ofhisoperationoruseofthelandTheDistrictdoesnot
chargethepropertyownerforservicesrenderedTheDis
trictdoeshoweverfurnishcertainservicesfreeofcharge
suchastechnicalinformationmosquitofishandemergency
larvicidingandadulticidingrequiredtopreventapublic
nuisanceresultingfromanoperationalfailurebytheprop
ertyownerTheDistrictdoesfurnishroutinelarviciding
servicestothosepublicagencies4whichoperatestreet
drainageandfloodcontrolfacilitiesthatareconstructedand
maintainedaccordingtogoodengineeringpracticeLegal
abatementproceduresareinstigatedwhentheproperty
ownerignoreshisresponsibility5Legalenforcementhas
neverbeenrequiredsinceaformalletteroranappearance
beforetheBoardhassatisfiedthepropertyownerthatthe
Boardssourcereductionpolicyisbothnecessaryandequi
table



40

AUTHORITYFORPOLICYThelawsrelatingtomos
quitoabatementdistrictsandmosquitocontrolareincluded
withDivision3Chapter5and55Sections2202426in
clusiveoftheCaliforniaHealthandSafetyCode1The
DistrictpowersarelistedunderArticle4Thespecific
powerswhichdelegatetotheBoardofTrusteestheauthor
itytoabateanuisancearetobefoundinSections2270
2276

NEIDIORPOLICYANDSUBSEQUENTSUCCESS

ThesourcereductionpolicyreferredtoasPropertyOwner
ResponsibilitywasformallyadoptedbytheBoardof
Trusteesattheir92ndmeetingheldSeptember171954
2Thispolicywasneededbecausethefarmerpolicyfor
charginglandownersforlaborandmaterialsdidnotresult
insourcereductionorinthepreventionofunnecessary
mosquitobreedingconditionsDuringthepast18years
thepropertyownerresponsibilitypolicyhasbeenresponsi
bleforeffectivemosquitobreedingpreventionandcontrol
factorswithinthedesignconstructionoperationand
maintenanceofmajorwateruseanddisposalfacilitiesas
wellasfortheacceptancebythepropertyownerlargeor
smallofhisresponsibilitytopreventmosquitoproduction
onhisproperty8

LISTOEREFERENCESCONCERNINGSOURCE

REDUCTIONPOLICYFORMATION

LawsRelatingtoMosquitoAbatementDistrictsand
MosquitoControlExcerptfromtheCaliforniaHealth
andSafetyCode1971

2 PrivatePropertyOwnerResponsibilityExcerptsof
theMinutesoftheBoardofTrusteesfromSeptember
171954throughMarch41955inconnectionwith
theIrvineCompany
PublicAgencyResponsibilityExcerptsoftheMin
utesoftheBoardofTrusteesfromMarch181955

throughApril141955inconnectionwiththeOrange
CountyWaterDistrict

4 PublicAgencyResponsibilityExcerptsoftheMin
utesoftheBoardofTrusteesfromSeptember21
1956throughFebruary11957inconnectionwith
theOrangeCountyFloodControlDistrict
LegalApproachtoMosquitoControlinOrange
CountybyJackHKimballProceedingsandPapers
CaliforniaMosquitoControlAssociation1956

6 AnEducationalApproachtoMosquitoAbatement
ViaSchoolCurriculumbyJackHKimballProceed
ingsandPapersCaliforniaMosquitoControlAssocia
tion1959
IntegrationofSewageDisposalandMosquitoControl
inOrangeCountyCaliforniabyJackHKimball
CaliforniaVectorViewsFebruary1965
VectorControlinOrangeCountybyJackHKim
ballPestControlMagazineJulyAugustandSeptem
ber1965

1

3

5

7
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PESTICIDESCANBECOMPATIBLEWITHTHEENVIRONMENT

JohnESwift

UniversityofCalifornia
AgriculturalExtensionService329UniversityHallBerkeleyCalifornia94720

AccordingtoWebstercompatibleisdefinedasexist
ingtogetherinharmonyEnvironmentistheaggregateof
allexternalconditionsandinfluencesaffectingthelifeand
developmentofanorganismApesticideisnotreallycom
patiblewiththeenvironmentbecauseevenifthematerial
isusedonlytokilladesignatedpestsuchasthemosquito
thatispartoftheenvironmentInthepurestsenseevenan
introducedbiologicalcontrolagentmaybeincompatible
withtheexistingenvironment

Manmodifieshisenvironmenttosuithisparticular
tasteshewilluseanyreasonablemethodtoreduceorelim
inatethatwhichisobjectionabletohistastesToappraise
theeffectofanactionontheenvironmentmanmayusea
benefitriskratioIfthebenefitsaregreaterthantherisks
thepracticeusuallywillbeacceptablethoughnotnecessar
ilycompatibleItisabasicpreceptwithanimallifethatthe
environmentismoreorlesshostilesomanstrivestoen
hanceenvironmentalbenefitsandovercomeenvironmental
resistance

Onewaytoaccomplishtheobjectivesofmanagingthe
numbersofanimallifeistoaltertheenvironmentanimals

thatcanspecializeandadjustremainwhilethosethatdo
notbecomerepressedorextinctAnotherwayistochange
ormodifytheenvironmentwhichmanhasbeenabletodo

Peoplehavemadestatementsaboutdestroyingtheen
vironmentThatisnotpossibletheenvironmentcannot
bedestroyedbutitcanbealteredormodifiedPesticides
havemodifiedtheaquaticenvironmentTherehavebeenre
portsoflargefishkillsintheRhineandMississippiRivers
accompaniedbyclaimsthatpesticideswereresponsible
Closerexaminationthenprovedthatpesticideswerenot
involvedineithercasealthoughmillionsoffishdiedThe
federalwaterpollutioncontroladministrationacknowledges
thatonly25ofthefishkillsoccurringinthiscountry
havebeencausedbypesticidestheprincipalsourceof
pollutionresultinginfishkillshasbeenmunicipalsewage
andindustrialwastesInCaliforniaareportoffishlosses
showedfivecasesin1965fivein1966sixin1967seven
in1968tenin1969andnonein1970Thesecaseswere
allcarefullyinvestigatedSuchlossesareataminimumin
Californiaandtheycanbepreventedentirelywithproper
careintheuseofchemicalsIn1963therewereeleven

knowncasesinvolvingfishlossesamountingtomillionsof
fishThelawsandregulationsthenineffectwerenotstrong
enoughAllcaseswereofaminornatureexceptoneand
allinvolvedeitherillegaluseormisusenoneresultedfrom
properuseTheusersofpesticidesnowgenerallyrealizethat
theymustbemorecarefulintheirpractices

Pesticidescancauseothereffectsontheenvironment

AtTuleLakethousandsofgeesewerelostbecausetheyate
zincphosphidetreatedrodentbaitAsimilarproblemoc
curredindoveswhichatestrychninetreatedrodentbait
GrebesdiedastheresultofaDDDtreatmentofClearLake

tocontroltheClearLakegnatThepesticidewasconcen
tratedthroughthefoodchainofthefishwhichwereeaten
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bythegrebesAsimilarcaseoccurredatBigBearLake
wheretheDepartmentofFishandGameusedchemicalsto
controlroughfishandthepesticideaffectedsomeofthe
birdsinthearea

Thesecasesweretheresultofdirectpoisoningbutthere
areotherwaysbywhichchemicalsmayaffecttheenviron
mentThedeathoftroutfryinNewYorkresultedfrom
DDTbeingpassedfromthemothertotheeggandwhen
thetinyfishabsorbedtheyolksackfromtheeggtherewas
highmortalityInCaliforniaDDThadbeenmixedwithrice
seedbeforeplantingtocontrolthefirstbroodofmosqui
toesinthericefieldFemalepheasantsatetheDDTtreated
seedandtheDDTwaspassedfromthehentotheegg
causinginjuryanddeathoftheyoungThispracticewas
carriedonuntil1962whenitwasstoppedandtheproblem
disappeared

TherearesubtleeffectsofthesepesticidesMostinsidi
ousoftheseistheaccumulationthroughthefoodchain
oneorganismcontainingasmallamountofastableorper
sistentchemicaliseatenbyanotherandthematerialis
concentratedthroughseveralstepsofthefoodchainso
thatthetoppredatorsareexposedtolargedoseswhichmay
causemortalityThiswasbelievedtobethecauseofthin
eggshellsamongstthebrownpelicansonAnacapaIsland
andtheperegrinefalcons

Otheralterationsoftheenvironmentcanaffectwildlife

notablytheeliminationofhabitatfoodandcoverLarge
scalesprayingofsagebrushinthenortheasternpartofthe
GreatBasinregionhasseriouslyreducedthepopulationof
sagegrouseTheherbicideusedhadnodirecteffectonthe
grousebutdidreducethefoodandcoverIntheCentral
ValleyofCaliforniaunwantedvegetationalongstream
bankswaseliminatedtosuchanextentthattherewasa

considerablereductioninthepheasantpopulationThe
ditchbankclearingcouldhavebeendonebymechanical
meansandwouldhavehadthesameeffectonthepheasants
buttheherbicidewasmuchcheaper

Foodsourcesoffishorwildlifemaybedepletedthrough
theuseofpesticidesLargescalesprayingofforestsin
Michiganresultedinadeclineofthetroutpopulationsin
thestreamsThematerialusedhadnotharmedthetrout

buttheinsectfoodsourcehadbeengreatlyreduced
Pesticidesmayalsoharmpredatorsorparasitesofapest

speciesAftertreatmentthepestmayreboundtomuch
higherpopulationsthanoriginallyexistedInanothersitua
tionthepredatorsorparasitesofaminororsecondarypest
mayberemovedallowingittobecomeamajorpest

Withproperknowledgeandconsiderationofthetotal
effectsofpesticidestheycanbeusedsafelyandeffectively
Thebenefitriskequationshouldbeconsideredinorderto
justifyacceptanceofaspecificchemicalataparticulartime
andplaceEachmaterialmustbeevaluatedforeachcaseif
protectionoftheenvironmentistobeachieved



FUTUREPESTICIDEMETHODSWHENCHEMICALUSESARECURTAILED

Perhapsmytopicshouldbethenewera Theprogram
oftheagencyIrepresentisbaseduponknowledgeofap
pliedinsectecologyItwasbegunseveralyearsagoandthe
entomologistsoftheUniversityofCaliforniaprovidedmuch
helpWebelievethatbiologicalandnaturalcontrolshould
bethebackboneofanypestmanagementsystemIcallour
programpestmanagementbasedonbiologicalcontrol
ItisnotaneradicationapproachForsuccessitisnecessary
tounderstandtheenvironmentcreatedbycertainfarming
practicesTodosothefarmerswillhavetoobtainthe
servicesofaprofessionalentomologistWewanttoencour
agethefarmertobuytheparasitesraisedsincetheywill
helpthebiologicalcontrolThismeansourpestmanage
mentspecialistsmustbeproblemsolversinordertointe
gratetheculturalandbiologicalcontrolsandusechemicals
onlywhennecessarytoguaranteethesuccessofthefield
situations

Problemsmustbesolvedonthesiteonaparticularfield
orevenonpartofafieldTheremustbecontinuousmoni
toringtokeeptrackofthepopulationsSamplinginvolves
studyingthevariousorganismsinvolvedinthehabitatand
theirrelationshipsToexploitthebiologicalandcultural
controlswehavetodeterminewhatisapest

ThereisanewpublicationcalledIntegratedPestMan
agementavailablefromtheUSGovernmentPrinting
Officeatacostof55centsItstatesthatthethreemain

componentsofapestmanagementprogramare1maxi
mizingexistingnaturalcontrolspredominantlybycultural
methodstopreventthebuildupofpests2monitoring
theconcentrationofpestsandnaturalcontrolfactorspre
senttodeterminetheneedforfurthermeasuresand3
usingthemostappropriatetechniquesorcombinationsof
pestsuppressiontechniquesonlywhennecessarytoprevent
economicdamagetothecrop

EJDietrick

RinconVitovaInsectariesInc
PostOfficeBox95OakViewCalifornia93022
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Fliesmaybeusedtoillustrateourphilosophyofpest
managementbasedonbiologicalcontrolsWecantolerate
afewfliesonachickenranchunlessthereisalotoffly
transmitteddiseasebecausethentheyarenormallyonly
anuisancefactorThehighcostofkillingthelastflybe
comesaproblemwhenresistancetopesticidesaccentuate
theproblemsEventhoughresistancetomostchemicalsis
nowapparentinflycontrolmanypesticidesarestillgood
asabaitBaitstationsareveryusefulMostofthepredators
ofdunginhabitingfliesareassociatedwithdecomposing
materialsuchasmanuresandtheparasitesandpredators
areattractedtodecomposingmanureChemicalsshouldbe
directedtotheadultinawaythattheydonotinterfere
withthenaturalenemiesinthemanureThisposesthe
questioncanwetoleratemanureontheproperty A

frequentcleanoutprogramisagoodwaytocontrolflies
buthighcostsmayprohibitthisapproachOrwemaytry
toprovideahabitatforanaturalenemycomplexthatwill
liveinthemanureandeattheflyeggseverydayandthus
givegoodbiologicalcontrol

Variouspredatorseattheflyeggsandtinylarvaeand
therearesomeparasiticwaspswhichlayeggsinthelate
larvaeandlargepupaeMostofthebeneficialinsectswork
atnightandarehiddeninthedaytimeThenaturalenemy
complexcancontrolfliesthoughcontrolisrarelyperfect
ManagementisthekeytosuccessProgramsinprogressfor
thepastfiveyearsusingintegratedpestmanagementtech
niquesthataugmentthebiologicalcontrolprogramhave
documentedthesuccessofourmanagementprogramPesti
cidescanstillbeusedintelligentlyiftherearetoomany
fliesbutoneshouldusepesticidesonlywhenonehasto
andthenselectivelysoastorestorethenaturalbalance
insteadofreplacingitwithrepeatedchemicalapplications
thatalwaysleadtoresistanceandultimatefailureofthe
pesticidesIntegratedpestmanagementsolvestheseprob
lems



ENVIRONMENTALAPPROACHESTOVECTORCONTROL
RichardFPeters

StateDepartmentofPublicHealth
VectorControlSection744PStreetSacramentoCalifornia95814

Ifacontrolprogramistobeemployedinvolvingchemi
calandbiologicaltechnologyitshouldbereferencedtothe
environmentThegreatesthazardtoamosquitoisdehydra
tionwhetherinlarvalpupaloradultstageEmergent
aquaticvegetationisavitalpartofthehabitatofmost
mosquitoesAlthoughallmosquitoesdoemergefromwater
actuallytheycomeoutofonlyabout1oftheavailable
waterbecauseopenwaterspaceishazardousdueto
predatoryanimalsandtheimpactofwaveactionAclean
shorelinewillresultinthedrowningofthe young

larvaeManagementofwaterthenrequires acleanshore

lineInthefinalanalysiswhatIamtalkingaboutisland
andwatermanagementformosquitoprevention

Mosquitosourcereductionhasbeenused asalmosta

synonymofphysicalcontrolofmosquitoesAlsoifthe
appropriateparasiteorpredatorsexistinamosquitohabitat
sotheycanbemadetofunctioneffectivelythenmosquito
productionispreventedAboveallnoneofthethree
technologiesshouldbedowngraded thephysical
approachthebiologicalapproachandtheselectiveuseof
chemicals

Afundamentalconsiderationofthephysicalprogramis
toassurethatwaterwillrundownhillinotherwordsdrain
agemustbeprovidedWatermanagementhasbecomecom
plicatedhoweverbecausewhenwateristransportedby
drainageimpuritieswhichmaypolluteanotherareamust
begivenconsiderationSurfacedrainsweretheprimary
approachduringthereclamationeraofmosquitocontrol
SaltmarshdrainageillustratesthisapproachSubsurface
drainageusuallybytiletendstolowerthetopwaterinthe
soilandkeeptheplantrootlevelfreeoftoomuchmoisture
Athirdmethodisverticaldrainagewhichrequiresabreak
throughofthesoilsothatwatercanpenetrateintolower
levels

Streammosquitocontrolmaybecarriedoutbyminor
drainageofthepondsinastreamorriverbottomsothat
flowcanbefaciltiatedThenasmalldammaybeconstruct
edtopermitstreamflushingtowashanylarvaeaway

Excessvegetationaroundahomedoesnotproduce mos

quitoesbutitdoesprovideamoistenvironmentwhichpro
tectsthebodymoistureofadultmosquitoesCuttingwill
reducetheharborageareaforthem

OneofthebiggestproblemsinCaliforniaistheirrigated
pastureAftersomedegreeoflevellingafarmerplants
forageplantswhichprovidefeedforlivestockThenhemay
providehopefulmanagementwithoutadequatethought
hebelievesthatthepasturewillbegoodindefinitelyand
willneverhavetobemodified itisapermanent
pastureLivestockareputonthefieldandsettlingoccurs
andtheanimalscompactthedepressionsImuststate
thefieldagesthereisnosuchthingasapermanent
pastureHowcanthatfieldberehabilitatedafterithas
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beenallowedtobecomesickPerhaps60ofthefieldwill
producegoodforagebut40issickandproducesmos
quitoesThissuggestsaneconomiccorollary if40isin

weedsoflowforagevaluethenthefarmerisgettingonly
60efficiencyThereforesomethingshouldbedoneif
onlytosolveaneconomicproblem

IthasbeennotedthattheRuralEnvironmentalAssist
anceProgramREAPhasbeendroppedwhichisunfor
tunateforCaliforniafarmersandmosquitodistrictsThe
CMCAshouldstresstolegislatorsandgovernmentalofficials
theimportanceoffederalfundssuchasthesefor purposes

ofagriculturalrehabilitationThereareover1000000
acresofpasturelandinCaliforniaConservativelyestimated
onehalfoftheseacresareproducingmosquitoesinsigni
ficantamountsandaboutonefourthproduceboththe pas
tureandtheencephalitismosquitoeswhichareresistantto
virtuallyeveryinsecticidethatisavailabletothecontrol
agenciesTheproblemcannotbesolvedbytheuseofin
secticidesifindeedtheycontinuetobeavailableItmust
besolvedbyenvironmentaltechniquesbylandandwater
management

Aboutoneyearagothemosquitocontrolagencieswere
invitedtocontributefundstotheStateDepartmentof
PublicHealthinordertomakeitpossibletoengagein
demonstrationprojectstopointoutwaysofsolvingthe
problemTheDepartmentacquiredfourregisteredengineers
whoengagedintheseprojectspresentlyabout70innum
berDesignshavebeendevelopedforremedyTheproblem
unfortunatelyisingettingexecutionofthedemonstration
withintheengineeringrequirementsTheplaceofengineer
ingorenvironmentalmanagementinthecontrolprograms
mustbetakenseriouslyTheyear1973ishighinprecipita
tionDependenceoncontinueduseofpesticidesisno
longersoundOuragenciesmustbeversatileenoughto
prescribethetreatmentneededforthemosquitosource
whetherphysicalbiologicalorchemicaloracombination
oftheseTheremaybemorethanonewaytodealwithany
individualsourceCertainlytheagenciesmustrecognize
thattheycannolongersimplysuperimposeaninsecticide
overtheenvironment

Thedayofemployinglaborers themanoffthestreet
theunemployedindividual isoverThemanwhohandles
theseenvironmentalsolutionsoftomorrowwillhavetobe
skillfullypreparedtocarryoutabalancedapproachofmos
quitopreventionaidedbybiologicalcontroltechnologyand
discreteuseofchemicals

TherearemanyotherwatermanagementproblemsCul
vertsunderhighwaysmustbeinstalledtopermitdrainage
Catchbasinsgenerallyhaveacontainerwhichholdswater
andisidealformosquitoproductionBackyardcontainers
aresubjecttophysicalmanagementTheBureauofVector
Controlhashadinputintolargewaterimpoundment
structuressince1958Hadthisnotbeentruemanyofthe
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waterprojectsdevelopedinCaliforniawouldbemore
troublesomethantheyaretodayTodateunfortunately
noagencyiswillingtoacceptresponsibilityforawaterre
movalsysteminstalledatthetimeofwaterdeliveryThe
EnvironmentalProtectionAgencyEPAandtheState
WaterQualityControlBoardsarenowestablishingmore
rigidrequirementsonremovalofwastewaterthissubject
isgettingmoreattentionItispointingmorethaneverto
returnflowsystemsWaterproblemswillhavetobesolved

oneachpremises
MosquitoAbatementDistrictBoardsandtheirstaffs

shouldrecognizetheimportanceofthinkingcomprehen
sivelyaboutthepreventionandtechnologicalremediesfor
mosquitocontrolinthefutureSomepracticesofthepast
mustbechangedAnenvironmentalapproachinitstotal
connotationmustbeusedStaffsmustbeofsufficient

qualitythatthismodernapproachcanberealizedand
thattechnologycanbeusedscientificallyandeffectively



RESPONSIBILITIESANDSERVICESTOMOSQUITOABATEMENTDISTRICTS

BoysieEDay

UniversityofCalifornia
AgriculturalExperimentStationRiversideCalifornia92502

Thereare31talkstobepresentedatthisconferenceby
thestaffandstudentsoftheUniversityofCaliforniaThis
factdemonstratesmoreeloquentlythanIcanexpressin
wordsthelevelofcommitmentoftheUniversityThe
Universityhasanincreasedandintensifiedcommitmentto
servethepublicbyprovidinginformationtothedistricts
whicharetheactionagenciesTheUniversityhasonebusi
nessonly knowledgeNewknowledgeiscreatedbyre
searchandtheUniversityisthecustodianofknowledge
developedaroundtheworldThisknowledgeisthenim
partedtoothersthroughtheteachingofundergraduates
teachingofgraduatestudentsandonthejobtrainingand
researchtechnologyThisincludespresentationstogroups
suchastheCMCAandactiveextensionintothefieldto
peoplewhohaveaneedandausefortheinformation

Whenknowledgepassesintotheimplementationstagea
strenuouseffortismadebytheUniversitytogetoutofthe
pictureandlettheactionagenciesapplytheinformation
TheUniversityofCaliforniahastheresponsibilitytocon
ductbasicandappliedresearchtowardthedevelopmentand
applicationofpracticalandenvironmentallyacceptable
mosquitocontrolstrategiesandtomakethesefindings
availabletotheMADsandtoallotheragenciesconcerned
inthisimportantproblemInresponsetotheappearanceof
massiveandwidespreadinsecticideresistanceandinspite
ofadecliningbudgettheUniversitysresearchefforthas
beenexpandedextendedanddiversifiedinresponseto
thisseriouspublicproblemTheUniversityhasappreciated
thesupportandconfidenceoftheMADs
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TheUniversityisconductingstudiesonthebiology
ecologypopulationdynamicsbreedingfeedinghabits
dispersalsurvivalandreproductionofmosquitoesThisis
thebasicbiologicalresearchthatundergirdsthecontrol
programsofthedistrictsandtheUniversitysappliedre
searchprogramsTheappliedprogramscannotfunctionwell
inapracticalsystemunlessthereisunderstandingofhow
thesystemworksSomeworkcanbedonewithonlya
smatteringofbasicknowledgebutagoodprogramcannot
bedesignedwithoutknowledgeofthefundamentals

ThereisimportantresearchgoingonbytheUniversity
inchemicalcontrolThepictureisnowlookingbetterthan
ithasforthepastthreetofivedepressingyearsThereare
excitingdevelopmentsinthegrowthregulatingchemicals
andothercompoundsinvolvedinregulationofthelife
cycleofthesemosquitoesThereisimportantresearchon
larvicidesandpupicidesandadulticidesThegeneticsofre
sistanceinthegenepoolsoftheseinsectsisanimportant
studyFaroutonthehorizontherearetheoreticalconsid
erationswhichmayleadtoadvancedmanagementofgenetic
systemsofwholepopulationsofferingpromiseforfuture
sophisticatedcontrols

Muchworkisbeingdoneontheenvironmentalimpact
andsocialimpactofmanyofthemosquitocontrolactivi
tiesAreviewofresearchprogramsthroughoutthenation
andtheworldindicatesthattheUniversityofCalifornia
leadstheworldinthisregard



STATEAGENCIESCONCERNEDWITHMOSQUITOCONTROL

FrankMKozlik

CaliforniaDepartmentofFishandGame
ResourcesAgencyBuilding1416NinthStreetSacramentoCalifornia95814

IntheDepartmentofFishandGamewehavetherespon
sibilityforprotectingandconservingthefishandwildlifeof
thisstatesothatthepeoplecanenjoythemnowandinthe
futureIncarryingoutthisresponsibilitywetrytoachieve
theseobjectives1tomaintainallspeciesoffishandwild
lifefortheirintrinsicandecologicalvaluesaswellasfor
theirdirectbenefitstoman2toprovidefordiversified
recreationaluseoffishandwildlife3toprovideforan
economiccontributionoffishandwildlifeinthebestinter

estsofthepeopleofthestateand4toprovideforscien
tificandeducationaluseoffishandwildlife

Thekeytopreservationoffishorwildlifeishabitator
suitablefoodwaterandcoverBirdsfishandanimalslike
manmusthaveasuitableenvironmenttoliveinorthey
willdieWithCaliforniaseverincreasinghumanpopulation
thecompetitionforlandisalsoincreasingandsowesee
wildlifehabitatbeingconvertedtoindustrialsitesurban
developmentsandagricultureWithoutadoubtoneofour
biggestjobsistopreservetheremaininghabitat

Mostwildlifehabitatdoesnotproducemanymosquitoes
Uplandtypethatproducesquailchukarpartridgedoves
andbiggamelikedeerseldomcreatesmosquitoproblems
Ontheotherhandwetlandhabitatormarshesandponded
areasprovidehomesforwaterfowlandotherwaterassoci
atedwildlifebutitcanalsoproducehordesofmosquitoes
Itsohappensthatwetlandhabitatisalsoinshortsupply
andwearetryingourbestlopreservewhatlittleremains

WhyisthiswetlandshabitatsoimportantItisimpor
tantbecauseitprovideswinterhomesformostofthewater
fowlthatusethePacificFlywayItalsoprovidesfoodand
livingspaceforshorebirdsheronsegretsgrebesrailsgulls
andcountlesssongbirds someofthemrareorendangered
species

Eachfallabout10millionduckscometoCalifornia
Theirexactnumberdependsonthesuccessofthenesting
seasoninCanadaandAlaskaDuringperiodsofhighpro
ductionlike195658asmanyas15millionducksentered
thestateWhendroughtperiodicallyappearsontheCana
dianprairiesandreducesthenestinghabitatproduction
fallsandCaliforniareceivesonlyabout71to8million
ducksInadditiontotheducksaboutonemilliongeese
migratetotheCaliforniawinteringgrounds

AlthoughCaliforniaisprimarilyawinteringareasome
birdsdoremaininthestatetonestEachsummertheadult

andyoungbirdstotalabout300000ducksand25000
CanadageeseMuchoftheducknestingandallofthe
CanadagoosenestingtakesplaceintheGreatBasinarea
ofthenortheasternpartofthestateAnotherimportant
nestingareaistheCentralValleywherelocalmallards
makeupmostofthenestingbirdsInfactthemajorityof
themallardsthataretakenbyCaliforniahuntersarelocally
producedbirds

AllofthewaterfowlcomingtoCaliforniaareseeking
suitablehabitatwhichwillcarrythemthroughthewinter
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Ithasbeenestimatedthatatonetimetherewere5million
acresofwetlandsinthestateThefirstdefiniterecordof
theamountofwetlandscomesfromalandinventorythat
wasmadein1906bytheUSDepartmentofAgriculture
Itshowedthattherewere3420000acresofwetlandsin
thestateAsimilarsurveyin1922showedthatunderthe
economicpressuresofagricultureindustryandurbaniza
tionthesewetlandshaddwindledto1179000acresBy
1954thewetlandssurveyoftheUSFishandWildlife
Serviceshowedthatwetlandshadbeenfurtherreducedto
559000acresSincethenadditionalwetlandshavedisap
pearedandtherearenowlessthanzmillionacresremain
ingOfthisremaininghabitatabout225000acresarein
privatelyownedduckclubswhilemostofthebalanceison
thestateandfederalwaterfowlareas

Thesestateandfederalareaswereacquiredtopreserve
wetlandsTheUSFishandWildlifeServicehas12national
wildliferefugesinCaliforniathattotalabout200000acres
OurDepartmentmanages8areasthattotalover50000
acresAjointagreementbetweenthetwoagenciesprovides
forthemanagementoftheareaswiththefollowingthree
majorobjectives

1Toprovidesuitablehabitatandlivingspacesothatan
adequatepopulationofwaterfowlwillreturntothe
northernnestinggroundsingoodbreedingcondition

2Toprovideadequatefoodtokeepwaterfowlfromde
predatingagriculturalcrops

3Toprovidepublichuntingforasmanyhuntersas
possible

Thelastobjectivehasbeenexpandedtoincludeotherre
creationalusesuchasfishingbirdwatchingandsightseeing

Whenwefirstacquiredsomeofourareaswewerenot
tooconcernedaboutthemosquitoesthatwemightpro
duceSomeoftheareaswereratherremotefromhabitation

andonlyourpersonnellivingontheareawerebotheredby
themosquitoesButintimetheurbansprawlmovedoutto
reachourareasanditwasnotlongbeforewewereaccused
ofbeingthesourceofallthediscomfortthatmosquitoes
cancauseMorerecreationaluseofourareashasalso

broughtademandformoremosquitocontrolAtonetime
mostofourpublicusecamefromhuntersduringthefall
andwintermonthsNowotherusesoftheareasurpassthe
huntinguseandwefindthatweareintherecreationbusi
nesstheyeararound

Nowaswedevelopourareastomakethemmoreproduc
tiveforwildlifewealsomakeprovisionsformosquitocon
trolFieldsandpondsareconstructedinawaytohavegood
watercontrolWithproperwatermanagementwecanhelp
controlmosquitoesandgrowbettercropsofwaterfowlfood
plantsManyofourculturalmethodsforgrowingfood
plantsaredependentonwatercontrolThemainthingis
thatasweusewatertoimprovewildlifehabitatwedonot



producealargecropofmosquitoesResearchershavefound
thatmanyplantsthataregoodproducersofwildlifefoods
alsoproduceveryfewmosquitoesMostoftheseplants are

oftheemergenttypewithnakedstemsandincludethe
spikerushesalkalibulrushandalsosomeofthepond
weedsOntheotherhandtherearemanyplantsthat en

couragemosquitoproductionandproducelittleornofood
forwildlifeThesearesuchplantsascattailswaterhya
cinthswaterprimroseandthemilfoilsBothmosquito
abatementpersonnelandwildlifemanagersconsiderthese
plantsaspests

TheDepartmentcontinuestoviewwithgreatinterest
theeffortsbeingmadetousefishinthecontrolofmosqui
toesItisencouragingtolearnofthevaluesomeofyou
placeintheroleoffishinyourcontrolprogramsWehope
thatsolutionstosomeoftheresistanceproblemsmaylie
intheexpandeduseoftheseanimalsinintegratedprograms
AsyoumayrememberthroughyourWildlifeCommittee
ourDepartmentparticipatedinacooperativeprogramafew
yearsagotoidentifyfishofpotentialvalueformosquito
controlpurposesThesefishwerecollectedbymosquito
abatementdistrictsthroughoutthestate

Oneofourareasishelpingoutintheproductionof
Gambusiathesefishcancontrolmosquitoesbutmany
timestherearenotenoughfishtohandletheproblemThis
isespeciallytrueinthespringwhenfishpopulationshave
beenreducedbywinterkillTohelpcarryfishoverthe
winterwehavemadeavailabletotheSutterYubaMos

quitoAbatementDistrictaseriesofpondsatourGray
LodgeWildlifeAreaInthesepondsfishcanbeoverwinter
edandthendistributedinthespringtopotentialmosquito
productionareasIfadditionaleffortswouldresultinthe
moreeffectiveuseofthistypeofmosquitopredatorwe
wouldbegladtoworkwithyouinacooperativeeffort

Wealsomakeprovisionsforemergencytreatmentof
mosquitoesonourareaswhereitisevidentthatchemical
treatmentmightbenecessaryEachareabudgetsfundsand
serviceagreementsaremadewithlocalabatementdistricts
Inthismannerwearereadyforimmediateactionshould
treatmentbenecessaryManypeoplethinkthatweareop
posedtochemicaltreatmentHowevertheDepartmentis
veryinterestedinworkingwiththemosquitoabatement
districtsinregardstotheiruseofinsecticidesWerecognize
thatbyencouragingthedistrictstohelpoutinpreserving
marshareasforwildlifeweareinasenseadvocatingtheuse
ofchemicalsratherthansourcereductionWearealsocon
cernedaboutthehazardtofishandwildlifethatcanresult
fromtheuseofinsecticidesItisquiteobvioustherefore
thatwehaveanobligationtoassistyouindevelopingin
secticideusagesthatareeffectiveyetnotharmfultofish
andwildlife

Ourmajorroleinthisregardistoevaluatethesideeffects
onwildanimalsofnewcontrolchemicalsortechniquesfor
mosquitocontrolbeforetheybecomeoperationalInthis
waywehopethatbythetimethecontrolprocedureshave
beenapprovedforthedistrictsusethechemicalscanbe
appliedasdirectedwithoutunwarrantedsideeffectsInfact
theintentistoincorporatearathersizablesafetyfactorin
totherecommendationtoallowsomeleewayinapplications
beforeadverseeffectscanoccur
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Howeverastheproblemofinsectresistanceincreases
therehasbeenatendencytoseeksolutionstothisproblem
byincreasingapplicationratesofavailableinsecticidesor
throughthedevelopmentofnewmaterialsNewerinsecti
cideslikeDursban6forexamplearehighlytoxictoboth
mosquitoesandfishatlowlevelsIfnewhighlytoxicmater
ialsaretobeusedoriftheapplicationratesofinsecticides
incurrentuseareincreasedthesafetyfactorthatprovides
protectiontofishandwildlifewillbereducedThismeans
thatchancesofunwantedsideeffectsoccurringwillbe
greaterandthatadditionalcareintheselectionanduseof
insecticideswillberequirediflossesofnontargetanimals
aretobeavoidedWebelievethatclosecooperationbe
tweenconservationagenciesandthoseagenciesinvolvedin
mosquitocontrolisrequiredtopreventtheseproblems
fromactuallydeveloping

Tothatendweworkdirectlywithchemicalcompanies
theBureauofVectorControlandSolidWasteManagement
andyourabatementdistrictsindevelopingusepracticesfor
newchemicalsAprimeexampleofoureffortsinthisarea
wasarecentstudyoflightoilsusedaslarvicidesThisstudy
wasconductedononeofourwildlifeareasanditshowed
thattheselightoilsdidnotharmfishorwildlife

WehavealsoworkedwithyourWildlifeCommitteeto
informtheabatementdistrictsofthegeographicallocation
ofthosespeciesofwildlifethathavebeenlistedasrareor
endangeredAcopyofourpublicationAtTheCrossroads
wasdistributedtoeachdistrictWiththisasareferencea
districtwillbeawareofthesespeciesandcanavoidusing
controlmeasuresthatmightcauseharmfulsecondaryeffects
tothemortheirhabitatIfmoredetailedinformationis
neededpleasecallonusWeprefertobeinontheearly
planningthantobecalledinafterthecontrolmeasures
havebeencompleted

Besidesmanagingourownlandswearealsointerestedin
preservinghabitatonprivatelandsThevalueofprivate
duckclubsinhelpingtopreservethestateslittleremaining
wetlandscannotbeoverlookedInallthereareabout1000
clubsandtheycontrolabout300000acresoflandHow
evertheselandsarenotthoroughlydevelopedsothatonly
about225000acrescanbeconsideredaswetlandsOneway
tocompensateforthelossofhabitatisbyincreasingthe
carryingcapacityoftheremainingwetlandsManyofthe
duckclubsareonlypartiallydevelopedbutbyimproving
theirholdingstheclubswillbeabletocarrymorebirds
TheDepartmentofFishandGametechniciansandthesoil
conservationdistrictsencourageduckclubstoimprovetheir
habitatbyproperwatermanipulationraisingaquaticfoods
andcontrollingtheundesirablecattailsandtulesAswedo
onourownlandswetrytohaveclubsusemanagement
practicesthatwillcontrolmosquitoesInouradvicetothem
onhowtoimprovetheirhabitatwestresstheimportanceof
developinglandsothatitwillnotcreatemosquitoprob
lemsWealsourgethemtoworkwiththeirlocalabatement
districtespeciallyifthereareanyproblemareasIfaprob
lemariseswewantthedistricttogetintouchwithour
localfieldpersonnelThroughaseriesofregionalmeetings
theWildlifeManagement MosquitoSuppressionCoordi
nationCommitteehasbeengettingmosquitocontroland
wildlifepeopletogethersothattheycangetacquaintedand
resolvepotentialdifferencesbeforetheyarise
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Therearealsotimeswhenwehavetocallonyoufor
helpmosquitoabatementdistrictsliketoseethewater
fowlhuntingseasonstartaslateinthefallaspossibleIn
thatwaytheweatherwitbecoolerwhentheduckclub
landsarefloodedandfewermosquitoeswillbeproduced
OurDepartmentalsoliketoseetheseasonstartlateso
thatthebirdsarenotdrivenintothericefieldsandcause

depredationstothecropbeforeitcanbeharvestedFor
mostareasofthestateaLaterseasonusuallymeansbetter
huntingasthemigrationprogressivelyincreasesuntilallthe
birdsarehereforthewinterLastyearsomehunterswere
askingourCommissiontoadopttheearliestpossibleseason

HoweverthankstothehelpofyourAssociationwewere
abletoconvincetheCommissiontotakethelatestpossible
season

Inthefutureaswaterisdistributedtonewareasofthe
statebytheCaliforniaWaterPlanwearehopefulthatwater
willbeavailableforimprovingwildlifehabitatItisalso
apparentthatwiththewiderdistributionofwatertheprob
lemsofinsectresistanceandurbansprawlwillcombineto
makethejobofmosquitoabatementevenmoredifficult
Howeverwebelievethatbycontinuingtoworkwithyou
controlprogramscanbedevelopedthatwillprovideeffec
tivemosquitocontrolwithoutharmingwildlife



FISHANDNEMATODES CURRENTSTATUSOFMOSQUITOCONTROLTECHNIQUES

JamesBHoyandJamesJPetersen

INTRODUCTIONThetopicsthatwevebeenaskedto
discusstodayarequitediverseinthattheyhaveincommon
onlythattheyarebothformsofbiologicalcontrolofmos
quitoesNematodesasbiologicalcontrolagentsofmosqui
toesarecurrentlyunderstudybyarelativefewresearchers
andhavenotbeenusedformosquitocontrolbyanyagency
IncontrastfishespeciallyGambusiaaffinisBairdand
Girardhavebeenusedformosquitocontrolformorethan
65yearsandhavebeenstudiedextensivelybybothicthyo
logistsandthoseresearchersdirectlyinvolvedinmosquito
controlButthemoststrikingcontrastbetweenthesetwo
typesofbiologicalcontrolisthatonehasthetechniquesfor
massrearingtheagentwellworkedoutincludingreason
ablecostestimatestheotherisatthestagewherewestill
mustrelyonnaturalorfortuitousstock

Foreachcontrolagentmentionedwemustaskthree
basicquestions

1WilltheagentworkImplicitinthequestionisanin
quiryabouttheresultsoffieldtests

2WhatarethesideeffectsoftheagentsuseWillitbe
comeapestorinhibitthesuccessofothercontrol
methods

3Whatisthedollarcostthatisthedirectcostofacquir
ingdistributingandmonitoringtheeffectoftheagent
Thiscostshouldnotbelumpedwithcoststhatare
generatedbysideeffects

PARASITICNEMATODESParasiticnematodesare

detrimentaltotheirinsecthostsinseveralwaysForex
ampletheindirectmodeofactionofNeoaplectanaspp
isinterestinginthatthenematodescarryamicrobialagent
whichcausesthedeathofawiderangeofinsecthostsThe
directmodeofactionofthemorehostspecificmermithid
nematodeshasadirectphysicaleffectonthehostsimilarto
thatofasmallcanopeneritpuncturesthehostfromthe
insideasitdepartsthehostpreliminarytothefinalstageof
thewormsdevelopmentSeePoinar1971forafulldis
cussionofinsectcontrolthroughtheuseofnematodes

During1972ourattemptstouseReesimermisnielseni
TsaiandGrundmannagainstAedesnigromaculisLudlow
hadhighlyvariedresultsThebestrateofinvasionandall
invasionsresultinthedeathofthehostwas57percent
Thatdegreeofsuccessoccurredwhenthepreparasiticnem
atodeswereappliedatarateof10000persquareyard
Howeverthesetestsweremadeinsmallplotsandunder
variedirrigationpatternswhichmayhaveaccountedforthe
greatvariationTheinundativereleasesobviouslydidnot

1ResearchEntomologistWesternInsectsAffectingManand
AnimalsResearchLaboratoryAgricultureResearchServiceUSDA
FresnoCalifornia93727

2ResearchEntomologistGulfCoastMosquitoResearchLabor
atoryAgricultureResearchServiceUSDALakeCharlesLouisiana
70601
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achieveimmediatecontrolofthepestbutthewormsmay
becomeestablishedandeventuallyreachnumbersadequate
forcontrolofthehostmosquitoOurfinalresultswillnot
bedetermineduntilwellinto1973

InothertestswithRnielseniPetersenetal1972the
nematodewasquiteeffective8085 againstAnopheles
freeborniAitkenwhenitwasappliedatarateofonly1000
nematodespersquareyardinaricefieldAlsoasecond
generationofRnielseniwasunderwayinthatstudyarea
inlessthan5weeksThatrapidcyclesuggeststhatinocula
tivereleasesofthewormsmightbeeffectiveperhapseven
againstAnigromaculis

Rnielseniisthemostthoroughlystudiedmermithid
knowntoparasitizemosquitoesButDrsPoinarandRD
SandersofUCBerkeleyarepresentlydescribingand
studyingthebiologyofanativemermithidthattheydis
coveredinAsierrensisLudlowThefactthatthisnew
speciesparasitizesanAedesspeciesinnatureisespecially
encouragingbecauseitmayprovetobeaneffectivecontrol
agentforAedesmosquitoes

Theprospectsfortheuseofmermithidnematodesasa
groupformosquitocontrolseemgoodWealreadyhaveone
speciesthatworkedwellonAnophelesinfieldtestsThe
undescribedspeciesfromAsierrensisholdssomepromise
Additionalspeciesofmermithidshavebeenfoundandawait
studyandorpropertaxonomicdescription

Beyondhavinggoodcandidatespeciesthetechniquesof
massrearingRnielseniinvivohavebeenwellworkedout
Petersen1973PetersenandWillis19701972During
1972thesemethodsweresuccessfullyappliedattheSutter
YubaMADfacilitiesonascalefourtimesgreaterthanhad
beenpreviouslyattemptedFurthermoreinvitrorearing
isattemptedinatleasttwolaboratoriesandgrowthhas
beenobservedSanderspersonalcommunication

Insummaryduringthelastfewyearsmuchprogressto
wardtheuseofparasiticnematodesformosquitocontrol
hasbeenmadebothinfieldstudiesandinthelaboratory

FISHOvertheyearsmanyspeciesoffishhavebeen
nominatedascandidatesforbiologicalcontrolofmosqui
toesGambusiaaffinisBairdandGirardTilapiasppand
thewhiteamurCtenopharyngodonidellaValarediverse
examplesNeverthelessinnocasehavethequestionsof
efficacysideeffectsanddirectcostbeenfullyanswered
EvenforthebeststudiedspeciesGaffinisdirectcostis
poorlyknownthoughefficacyisreasonablywellestablished
androughestimatesofthesideeffectscanbemade

ThereasonthatthecostofGaffinisispoorlyknownis
thatwearestilldependentonfortuitoussourcesoffishand
thereforethebasiccostoffishcannotbeestablishedSewer

pondsthatarenotheavilyloadedwithorganicmaterialand
thatarenotsubjecttoslugsoftoxicchemicalsarepresent
lythemainsourceoffishFarmpondsditchesandbait
dealersareoccasionallysourcesNoneofthesesourcesare
veryreliable
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InterestinCambusiahasincreasedsignificantlyinthe
lastfewyearsAndwebelievethatthereisaconsensusthat
thelimitedsupplyoffishisthemajorproblemthatweface
Thisproblemisunderattackinseveralwaysiedevelop
mentofsewerpondsassourcescultureofstockinmanaged
pondsandhatcheryrearingTheBureauofVectorControl
andSolidWasteManagementoftheStateDepartmentof
PublicHealthisstudyingthefactorsinfluencingthefish
productionofsewerpondsandhopestohaveEPAfund
ingtoenlargethestudysoonDJWomeldorfpersonal
communicationStaffmembersofSutterYubaMAD
NorthernSanJoaquinCountyMADandFresnoWestside
MADareinvariousstagesofinvestigationofmanagedponds
asfishsourcesThefirsttwoofthesedistrictsnowhavefull

timefisheriesbiologistsonthestaffHatcheryrearingalso
referredtoasintensivecultureofCambusiaispresently
understudybypersonnelofKernMADOrangeCounty
MADandtheWesternInsectsAffectingManandAnimals
LaboratoryoftheUSDA

Alloftheseculturemethodsareintheearlystageof
developmentPerhapsayearfromnowwewillbehearing

TheinitialsuccesseswithDDTusheredintheriseofthis

insecticideasanultimateweaponforexterminatingmos
quitoesbutsoonmosquitoesthemselvesaideditsdownfall
bybecomingresistanttoitThestorywasrepeatedwith
otherchlorinatedhydrocabonscarbamaiesandorgano
phosphatesRecentecologicalawarenessplacedanother
damperonthechemicalcontrolofmosquitoesTheavenues
tocontrolmosquitoesthemproliferatedpheromoneswere
investigatedsterilitymethodsarebeingdevelopedbiolog
icalcontrolmethodsarebeingextendedandreevaluated
landandwaterarebettermanagedandrecentlymucheffort
isbeingmadeinthedevelopmentofjuvenilehormonesor
growthretardantsCombinationsofthesemethodsare
nowappliedtocontrolmosquitoesundertheterminte
gratedcontrol

Thoughthevalueofthesemethodscannotbeunder
estimateditdoesnotseemmosquitoescanbeexterminated

MOSQUITOREPELLENTS

submittedpapersdealingwithsuchtopicsasfeedconver
sionratesyieldperacreandhowtowriteanenvironmental
impactstatementforafishhatchery
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completelyandmanmayalwayshavetocontendwithre
sidualmosquitopopulationsTheonlywaytocopewith
themwouldbewiththeuseofmosquitorepellentsWeare
incollaborationwithStanfordResearchInstituteinthe

developmentofnewinsectrepellentsandinpotentiating
theexistingonesTheSRIgrouphassynthesizedonthe
basisofstructurefunctioncorrelationscompoundsofwhich
threehaveprovedtobesuperiororequaltothepresent
standardrepellentdeetdiethyltoluamideInthislabor
atorywehavesucceededinenhancingtheprotectiontime
ofexistingmosquitorepellentsbytwotothreetimeswith
theuseoffixativesWehavealsosucceededinenhancing

theabrasionresistanceofexistingrepellentsandtheirwater
washability1415timeswiththeuseofsyntheticbinders

Havingacosmeticallyacceptableabrasionresistantlow
cost24hoursrepellentnowseemsadistinctpossibility



AERIALAPPLICATIONOFMOSQUITOADULTICIDESIN
IRRIGATEDPASTURES

MirSMulla JorgeRArias RobertDSjogrenandNormanBAkesson

Larvicidalprogramshavebeenthepreferredmethodof
controlaimedatAedesmosquitoesinirrigatedpasturesin
CaliforniaDuetotheappearanceofhighlevelofresistance
inpastureandothermosquitoestomostofthecurrently
usedlarvicideseffortshavebeenrecentlymadetodevelop
adulticidalmeasuresandtoevaluateapplicationtechniques
andadulticidalmaterialsAkessonetal1969presented
informationontheefficacyofULVaerialapplicationof
chlorpyrifosDursbaninricefieldsMullaetal1972
evaluatedseveralquickknockdownadulticidesagainstpas
tureAedesusinglowpressuredeliverysystemmountedon
aCallAiraircraftResultsofthesetrialswereerratical
thoughmoderatetohighlevelreductioninadultactivity
wasachievedinsomeofthetreatmentsThenozzlesand
pressuresystemutilizedintheseexperimentsyieldedcoarse
droplets

Duringthe1972trialshoweveritwasdeemeddesirable
todevelopasystemthatwillgenerateadropletspectrumin
therangeof2040micronsToachievethisendtwopro
pellerdrivenHypropumpswereinstalledonanaircraftand
aboomcarrying925TX12SprayingSystemnozzles
wasaffixedtotheaircraftThissystemwastestedunder
laboratoryconditionsandfoundtodevelop450psipressure
usingsomecommonlyavailablepetroleumhydrocarbons
Thissystemwasfurthermodifiedbyinstallinganelectric
pumptoprovideformoredependableoperationandwas
evaluatedforefficiencyusingseveralquickknockdown
insecticides

MethodsandMaterials

EQUIPMENTANDMATERIALSACallAirA9plane
oftheKernMosquitoAbatementDistrictwasfittedwitha
highpressuredeliverysystemThepressureinitiallywas
obtainedbymeansoftwoHypropropellerdrivenpumps
butlaterthesepumpswerereplacedbyanelectrically
drivenPescohydraulicpropellerfeatheringpumpModel
300Theboomwassuppliedwith925TX12nozzles
butitwasfoundthatnomorethan46nozzleswereneeded
forULVapplicationsof68ozacre

Althoughthishighpressuredeliverysystemwastested
inthelaboratoryandfoundtodevelopapressureof450
psithesystemevenafterinstallationoftheelectricpump
wasquiteerraticdevelopingvariablepressuresrangingfrom
10075psidependingsomewhatontheviscosityofthe
materialssprayed

DepartmentofEntomologyUniversityofCaliforniaRiverside
California92502

2KernMosquitoAbatementDistrictPostOffice Box1271
BakersfieldCalifornia93302

3DepartmentofAgriculturalEngineeringUniversity ofCali

forniaDavisCalifornia95616
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Thealtitudeoftheaircraftduringflightwasheldbe
tween2050ftinmostexperimentsInoneoftwoteststhe
altitudewasheldat100150ftTheswathwidthswere
predeterminedbyflyingtheaircraftatcertainlinesSwath
widthsreportedforthevarioustestsareonlytheoretical
andnoteffectiveswathwidths

SAMPLINGAssessmentoftheefficacyofadulticidal
measuresappliedtosmallexperimentalareasisextremely
difficultOnemethodofassessmentcommonlyemployed
instudiesonadulticidalmeasuresisthatofplacingcaged
mosquitoesintreatedanduntreatedareasThistechnique
yieldsvaluableinformationoncertainaspectsofthetreat
mentsuchasdepositpatterndriftrelativeefficacyetc
ForexampleGilliesetal1972haveusedthistechnique
togoodadvantageforgatheringinformationonthe suscep

tibilityofmosquitoestoadulticidesappliedbynonthermal
aerosolgenerators

Placementofcagedmosquitoeshoweverdoesnotpro
videforanaccurateinferencewithregardtothenatural
populationsofmosquitoesespeciallyLodesinirrigated
pasturesCagedmosquitoesaredirectlyexposedinthepath
ofamovingaerosolcloudgeneratedfromgroundoraerial
equipmentTheheightatwhichthesecagesaresetwillin
fluencemortalityofmosquitoesexposedincagesThose
placednearthegroundwillprobablysufferlessmortality
thanthoseplacedhigheruponstakesInnaturepopula
tionsofAedesinpastureswhennotactivelyflyingwere
observedtorestincracksinthegroundandatthebaseof
grassclumpsItisinconceivablethatnonresidualmoving
cloudsofaerosolswillgreatlyaffecttheserestingin
dividuals

Otherpopulationsamplingtechniquessuchastruck
trapsMiura1971NelsonandSpadoni1972andlighttrap
pingormanhourcollectionfromrestingsiteswerecon
sideredforpastureAedesSincetheexperimentalareas
treatedwererelativelysmall160500acresthesesampling
techniqueswerenotemployedLandingcountsofAedes
perhumanhostwasfoundtoyieldtheneededinformation
fortheleastamountofeffort

ToassessthelandingandbitingactivityofpastureAedes
landingcountsweretakenby3or4individualsintreated
anduntreatedfieldsinthesameareaatthesametimeThe
countsweretakenatseveralstationsineachfieldThe
samplerenteredthefieldfromoneofthebordersand
walked200300feetintothefieldandcountedorestimated

allmosquitoeslandingonthelowerextremitiesLanding
countsweretakenpriortoandatintervalsaftertreatment

SincethelandingbitingactivityofAedeshavediurnal
rhythmicitypeakactivityaroundsunriseandintheeven
ingdecliningactivityaftersunriseitisveryimportantthat
countsinuntreatedandtreatedfieldsaretakensimultan

eouslytocorrectforanychangeinactivitypatterndueto
naturalcausesOncethedataonthenumbersofadultsland
ingandbitingwereobtainedthemeanswerecalculated
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ThepercentreductionwasthencalculatedbyMullas
formulaMullaetal1971tocompensateforthe
dynamismofpopulationsinthetreatedanduntreatedareas

Someuncontrollablefactorswhichwereobservedtoin

fluencemosquitolandingandbitingcountswereasfollows

1Presenceofcattleinthelelddrasticallyreduceslanding
bitingratesonthesamplerCattlemovingtoastation
withhighlevelofmosquitoactivitycausedadrastic
declineinlandingbitingactivitySuchstationsshouldbe
droppedfromsampling

2Irrigationwaterreachingagivenareaofthefielddrives
adultmosquitoesawayfromthatportionofthefieldto
another

3Itiswellknownthatdampandwetportionsoffields
havemuchhigherdensityofadultmosquitoesthandrier
portions

4Ingressandegressofadultmosquitoescancausesubstan
tialvariabilityinmosquitodensityThisphenomenon
howeverisnotdeemedtobeoperativeovershortper
iodssuchassunrisetosunset

5Mowingorgrazingofforageinagivenareawilleliminate
restingsitesformosquitoesandthusresultinlowerden
sityofadultmosquitoes

DROPLETSIZEDISTFIBUTIONOnefootbythree

inchmicroscopeglassslideswerecoatedwithmagnesium
oxidesmokeandplacedonthegroundtreatedwithpro
poxurOSC14formulatiodischargedattherateof6oz
acreInthisexperimentheslideswereplacedatright
angletotheflightlineofheplaneinanirrigatedpasture
withULVapplicationofpropoxurOSC14dischargedata
pressureof100psiInasecondexperimentaparaffinicoil
492Processoil Texacowassprayedat10ozacreat

Number Pre

Field Acres lbsA FlozA Carrier Station treatment No

567 320

4 160

712 320

75 160

01 6 Klearol

01 12 Klearol

Control 0

02 8 Cottonseed

Oil

767469 480 Control 0

450psioverslidesplacedonthegroundinabarefield
Alternateslideswereremovedafterdischargingoneswath
overtheslidesandtheremainingslideswereremovedafter
completionofsecondswathSufficienttimewasallowed
betweenswathstomakesureslowfallingdropletsreached
theground

Thediameterofthedropletswasmeasuredbyacom
poundmicroscopesuppliedwithacalibratedocularmicro
meterThefrequencydistributionofdropletsbysizegroups
ineachtestisplotted

ResultsandDiscussion

PYR1THRINS Itisinterestingtonotethattwosimilar
applicationsofpyrethrinbyairproduceddifferentresults
Table1Thefirsttreatmentwherethetheoreticalswath
was660feetandthedeliveredvolumewas6ozacrethe

levelofadjustedreductionwashigherthanthesecondtreat
mentwherethetheoreticalswathwidthwasreducedto330
feetandthevolumedeliveredwas12ozacreThislackof
efficacycouldbeduetolatenessofthesecondtreatment

Inthethirdtreatmentwithpyrethrincottonseedoil
wassubstitutedforKlearolwhichwasnotavailableInthis

treatmentthedosageofpyrethrinwasincreasedto002lb
acreandthevolumedeliveredwas8ouncesperacreAd
justedreductionoflodesnigrornaculisLudlowadultswas
verysatisfactoryinthistreatmentItseemsthatboth
Klearolandcottonseedoilaresatisfactorydiluentsfor
pyrethrinconcentratesTheextentofreductioninapplica
tionsusinghighpressuredeliverysystemwasslightlyhigher
thanthatobtainedwithlowpressureapplicationequipment

Table1Evaluationofpyrethrinpyrocideintermediate5710containing078lbgalofpyrethrinand390ofpiper
onylbutoxideappliedbyairagainstadultsofthepasturemosquito4edesnironraculisRanchoSantaMariaKernCounty
1972

MeanNolandinghosthoursposttreatment

12 23 34

R No AR No R

4 70 11 80 4 90

6 132 120 0 116 0 72 0

8 117 92 66 55

9 183 14 91 12 90

13 72 58 45

aThistreatmentwasmadeon6thofJulybetween0700and0800Theaircraftflewat150ftaltitudeandaswathwidthof600ftwithapres
sureof200psi

bTreatmentwasthesameas aexcepttheaircraftflewat100ftaltitudeandaswathwidthof330ftat0830

cThistreatmentwasmadeof15thofSeptemberstartingat0845andendingat0855Thewindwas23mphfromtheWNWTheaircraftflew
at3040ftaltitudeandwithaswathwidthof330ftwithapressureof450psionfournozzlesPyrethrinconc6andPBO24



Table2Evaluationofthreeexperimentalsyntheticpyrethroids asappliedbyhighpressuredeliverysystemonanair
planetoirrigatedpasturesagainstadult4edesnipomaculis

Field

No Acres Material

51 100 NIA

26021

71 160 Control 0 0

51 80 NIA 05 12

18739
71 160 Control 0 0

51 80 NIA 012 9

24110

5371 30 Control 0 0

Meannumberadultslandinghosthoursosttreatment
FlCarr NoPre 01 12 23 810

IbsAozAier Statreat No R No R No R No R

01 12 RLO 4 282 166 7 180 4 266 12

Light
MedOil

4 256 162 170 275

Light 6 7 9 0 4 0 10 0 18 0
MedOil

7 191 128 98 87 150
Process 6 775 76 90 46 94 33 95 134 76
492

7 800 807 765 650 571
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aNIA2602110solutioncontaining1lbgalofmedium sprayoilwasappliedon13thofSeptemberat1030finishingat1040Thewind
was15mphfromnorthFlyingat2030ftaltitudeandwithaswathwidthof200fttheaircrafthad5nozzles openandapressureof450psi
bNIA18739CRM9810 solutioncontaining1lbgalofmediumsprayoilwasappliedon14thofSeptemberat0915Thewindwas12
mphfromthenorthTheaircraftflewat2030ftaltitudeandwithaswathwidthof200ftwith5nozzles openandapressureof450psi

NIA2411010solutioncontaining1lbgalofmediumsprayoilwasappliedat0800finishingat0810Thewind was34mphfromthe
SWTheaircraftflewat2030ftaltitudeandwithaswathwidthof200ftwithfournozzlesopenanda pressureof450psi

Mullaetal1971Inthisanalysisdueconsiderationshould
begiventothehigherratesofapplicationevaluatedin1972
thanin1971Muliaetal1972

SYNTHETICPYRETHROIDSNIA18739orNRDC
107orbioresmethrin5benzyl3furylmethyl trans2
2dimethy132methyl1propenylcyclopropane1carbox
ylateThisistranscomponentofNIA17370orresmethrin
SBP1382

NIA26021orNRDC119istheciscomponentofNIA
17370orresmethrinorSBP1382

NIA241105benzyl3furylmethyl1R2R2cyclopen
tylidenemethyl333dimethylcyclopropanecarboxylate

ThesethreesyntheticpyrethroidsrelatedtoSBP1382
resmethrinwereevaluatedbyapplyingthematerialin

lightmediumparaffinicoilsThesematerialswerefurnished
byNiagaraChemicalDivisionFoodMachineryCorporation
RichmondCaliforniaSincethequantityofthematerials
availablewassmallitwasnotpossibletorunnumerous
testswitheachThereforetheinformationpresentedhere
isonlypreliminaryinnatureatthistimeandfurtherstudies
areneededontheefficacyofthesesyntheticpyrethroids

NIA18739andNIA26021bothdidnotproduceany
markedlevelofreductionTable2Theextentofcoverage
oftheselectedfieldwasnotadequatewiththesematerials
especiallyalongtheborderswherecountsaretakenAlso
thetimeofapplicationbeinglateinthemorningcouldbe
responsibleforthetotallackofefficacyThethirdanalog
NIA24110provedtobehighlyeffectiveSincethismater
ialwasusedlastexperiencefromtheprevioustwomaterials
precludedlackofgoodcoverageespeciallyalongtheperiph

eryofthefieldwhereallsamplingstationswereestablished
Alsothetimingoftheapplicationwhichwasearlier800
amcouldhavecontributedtoincreasedefficacyFurther
studiesareneededtoassessfullytheefficacyoftheseana
logsagainstadult4nigromaculisinirrigatedpastures

SBP1382orresmethrinorNRDC104orNIA17370
asyntheticpyrethroidcontaining70transand30
cisisomersof5benzyl3furylmethyl22dimethyl32
methylpropenylcyclopropanecarboxylatewasevaluated
againstadult4nigromaculisusingthehighpressurede
liverysystemTwotreatmentsweremadeattherateof
002lbacreactiveingredientand2othertreatmentsatthe
rateof001lbacreactivematerialThelevelofadultsup
pressionwaslowtomediumatthehigherratesTable3
Thelowerratehoweveryieldedmuchbettercontrolthan
thehigherrateofapplicationThesetestsalsoshowed
betterperformancethanthoseconductedin1971Mulla
etal1972Thisisprobablyduetothetimingofapplica
tionThetwoapplicationsat0021bacreweremaderather
lateabout900amorlaterThetwoapplicationsatthe
rateof001lbacreweremademuchearlierbetween78
amatimewhenmosquitoflyingactivitywasprobably
highAccordingtoMiura19714nigromaculishasbi
modalflyingactivitywithpeaksoccurringnearsunriseand
atduskOtherfactorssuchasinversionandturbulence

couldalsoinfluenceadulticidalefficacyinirrigatedpastures
SBP1382performedmuchbetterwhenitwasapplied

byanonthermalaerosoltoirrigatedpasturesSjogrenetal
1973andpresentedinanaccompanyingpaperinthisissue

PROPDXURPRIMIPHOSMETHYLANDCIDIAL

Ultralowvolumeapplicationofanewformulationofpro
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Table3EvaluationofSBP138225concentrateappliedbyhighpressuresystemonanaircraftagainstadults ofthe

pasturemosquitoAedesnigromaculis

Field

No Acres

53 160 002 8

71 160 Control 0

53 160 002 12

71 160 Control 0

1617 480 001 8

20 160 Control 0

410 450 001 8

53 71320 Control 0

Dosage NoPre

lbac FlozA Carrier Statreat

Field Fluid NoPre

No Acres Material lbsA ozA Statreat

75 160 Baygon 06 6 6 141 60

5371 320 Control 0 0 7 800 765

12 160 Actellic 025 6 6 145 65

456 160 Control 0 0 6 105 92

City 160 Cidial 0125 8 8 38

Sewer

Farm

poxurwiththehighpressuredeliverysystemalthoughthe
pressuremaintainedwaslowerthanexpectedyieldeda
mediumlevelofreductioninadultactivityTable4This
levelofperformanceisinferiortotheapplicationofthis
materialbyagroundnonthermalaerosolgeneratorSjogren
etal1973

Meannumberlandinghosthoursposttreatment

01 12 23 810

No R No R No R No R

ARCOLO 6 230 112 21 120 20212 12

4 262 162 170 275

Cottonseed4 144 30 78 43 58 176

Oil 7 140 130 100 150

ARCOLO 7 16 1 83 1 79 1 75

4 24 9 7 6

ARCOLO 8 298 23 92 20 90 22

4 84 80 56 41

aTreatmentwasmadeSept13at0958Theaircraftflewat2030ftaltitudewithaswathwidthof320ftFivenozzleswereusedwithapres
sureof450psi

bTreatmentwasmadeSept14at0850Theaircraftflewat2030ftwithaswathwidthof200ftSixnozzleswereusedwithapressureof
450psi

TreatmentwasmadeAugust22between0700and0755Theaircraftflewat4050ftaltitudeandaswathwidthof320ftFivenozzleswith
apressureof450psi

dTreatmentwasmadeAugust23between0705and0755Sixnozzlesopenpressure450psi

Table4EvaluationofvariousadulticidesinirrigatedpasturesagainstAedesnigromaculisbyULVapplicationsusinghigh
pressuredeliverysystemonanaircraftRanchoSantaMariaKernTulareKingsCountiesCalifornia1972

Meannumberlandinghosthoursposttreatment

01 12 23 24

No R No R No R No R

56 36

650

49 76

107

1

69 16 84

550

49 59

75

97

0

85

43 117 0
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aBaygonOSC1475gallonsplacedinaircraftTreatedSeptember27at0900finishingat0915Thewindwas35mphfromthewestFour
nozzleswereusedflyingat3C40ftaltitudewith100psipressure

bActellicULV5lbgalwasappliedonJuly5at0815hoursfinishingat0821Ninenozzleswereusedflyingatanaltitudeof100ftand
aswathwidthof660ftwithapressureof100300psi

CidialECdiluted11withparaffiniclarvicidaloilPressure450lbin2Application madeonSeptember18at0900

Thedropletspectrumobtainedwiththeaircraftsystem
dischargingpropoxurOSC14wasquitecoarseFig1
bulkofthedropletswereintherange30100micronsIn
thesecondstudyofdropletsizespectrumusingaparafinic
oil492ProcessOilthespraywasdeliveredathigherpres
sure450psiandascanbeseenthedropletsizewascon
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Fig1Frequencydistributionofdropletsofpropoxur
OSC14formulationdischargedattherateof6ozacre
fromahighpressuredeliverysystemonanaircraftPressure
duringapplicationwas100psi

e

29 4

50 10 150

DIMETERmicrons

1

1

j
57 7

aizKons

250

56 101

Fig2Frequencydistributionofdropletsof492pro
cessoildischargedattherateof10ozacrefromahighpres
suredeliverysystemonanaircraftwhendepositsweremade
from1and2swathsShadedareas1swathopenareastotal
of2swathsSlides110fromnorthtosouth
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siderablysmallerFig2Thenumberofdropletsdeposited
increasedconsiderablywhenthesecondswathdropletswere
alsodepositedontheslidesexposedtothefirstslideThis
improportionalincreasewasduetodisplacementofthefirst
swathnorthwardduetobreezyconditionsduringtheappli
cationofthefirstswath

Inthepropoxurtreatmenttheaveagenumberofall
sizesofdropletswaslessthan025cm Inthetreatment

with492ProcessOiltheaveragenumberofdropletfor
positiveslidesthosehavirgdepositwasabout36cmfor
theoneswathand64cmfortwoswathsThereweremore
slidesshowingdepositsafterthesecondswaththanafterthe
firstswath

PrimiphosmethylorActellic2diethylamino6methyl
pyrimidin4y1dimethylphosphorothionateattherateused
producedamediocrelevelofreductionofadultmosquitoes
Cidialorphenthoate00dimethyldithiophosphoryl1
phenylacetateatrelativelyhighrateyieldedgoodreduc
tioninadultactivity

Allthreeapplicationsintheseseriesweremadelatein
themorningItispossiblethatpropertimingofapplication
eitherearlyinthemorningoratduskwillproducebetter
resultsthanthoseobtainedhere

CONCLUSIONSSometentativeconclusionscanbe
drawnfromthesepreliminarystudies

1BothpyrethrinandSBP1382couldsuppressadultmos
quitoesinirrigatedpasturesattherateof001lbacre
appliedfromair

2Othersyntheticpyrethroidsalsoholdpromiseandcould
yieldgoodmosquitocontrolat001lbacreappliedfrom
air

3Someorganophosphorusinsecticidescouldsuppressadult
ledesmosquitoeswhenappliedat00501lbacreby
air

4Thereareindicationsthataerialtreatmentsshouldcoin

cidewithpeakflightactivitiesofmosquitoeswhichoccur
atsunriseandearlyeveninghours

5AircraftaltitudeduringULVapplicationsshouldbeheld
tounder50feetabovegroundandswathwidthsof300
feetorsoshouldbeestablished

6Thehighpressuredeliverysystemappearedtoproduce
smallerdropletsthanthelowpressuresystemFurther
workisnecessarytoestablishthisfact

7Thoroughtreatmentoffieldbordersandperipheryis
essentialforgoodresultsThefieldshouldbebordered
withswathsaccordingtothewinddirectionSincemost
populationassessmentcountsaretakenalongtheborders
ofafieldnontreatmentoffieldperipherycouldyield
erroneousinformation
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INSECTDEVELOPMENTINHIBITORS THEIRPOTENTIAL

ASMOSQUITOCONTROLAGENTS

CharlesHSchaeferandWilliamHWilder
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MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

AslowreleaseformulationofZR515isopropyl11
methoxy3711trimethy124dodecadienoatehasproven
tobepracticallyfeasibleforcontrollingfieldpopulations
ofOPresistantstrainsoflodesnigromaeulissuccessfulre
sultsonpastureswereobtainedwithaircraftapplications

usingdosesaslowas0025lbAlacreAircraftapplications
of01and005lbAlacraofthesameformulationalso

ABSTRACT

gaveencouragingresultsagainstpopulationsofledesmel
animonlarvaeonduckclubpondsResultsonpopulations
ofCulextarsaliswerenotconsideredoperationallyfeasible
andfurtherresearchneedisindicatedLaboratoryandfield
evaluationsofRo20360067epoxy3methyl7ethyl1
34methylenedioxyphenoxy2cistransocteneandR
20458trans84ethylphenoxy26dimethy123epoxy
6octeneshowedlesserpromiseagainst1nigromaculis



ACOMPARISONOFCONCENTRATEDINSECTICIDESOLUTIONSANDEMULSIONS

FORULTRALOWVOLUMEAPPLICATIONAGAINSTMOSQUITOESANDHOUSEFLIES

CDREMFussellandLTSRHusted

UnitedStatesNavy
NavyDiseaseVectorEcologyandControlCenterAlamedaCalifornia94501

FieldtestswereconductedduringAugustandSeptember
1972todeterminetheefficacyofconcentratedinsecticide
emulsionaerosolsforthecontrolofadultmosquitoesand
housefliesTheapplicationsweremadewithanaerosol
generatordevelopedattheNavyDiseaseVectorEcology
andControlCenterAlamedaTwentyeighttestswerecon
ductedwiththeflowrateforthemajorityintherangeof
29to33ouncesperminuteandavehiclespeedoffivemiles
perhourTheinsecticidesusedinthestudyincludedfen
thion1lbgalchlorpyrofos lbgalandnaled3lbgalThe
selectionofaparticularinsecticideconcentrationwassome
whatarbitrarysincethepurposeofthestudywastocom
pareemulsionsandsolutionswithnoattempttocompare
insecticidesCottonseedoilwasusedasthediluentforthe
oilsolutionconcentrates

AdultmosquitoesCulexpipiensandfliesMuscado
mesticawereexposedincagesthreefeetabovetheground
andalongalineperpendiculartothepathoftheaerosol
generatorThecageswereplacedatintervalsof500feet
andthelineextendedto5000feetControlstationswere

locatedapproximatelyonemileupwindMortalitywasde
termined24hoursafterexposureThestudywasconducted
atSkaggsIslandanavalreservationlocatedatthenorthern
tipofSanPabloBayAlltestswereconductedduringthe
daybetween1030and1500hoursMeteorologicalcondi

57

tionsatSkaggsIslandwere
wasveryconsistentandthe
to12knotsAtemperature
siteduringthetestperiods

nearidealThewinddirection

velocityusuallyrangedfrom5
inversionusuallyexistedatthe

Resultsofthetestsconsistentlydemonstratedthatemul
sionswereaboutequaltooilsolutionsThiswasobserved
withallthreeinsecticidesSwathwidthsto5000feetwith

100percentmortalityinthemosquitoeswereeasilyachiev
edduringthetestsConsideringthatthewaterwouldevap
oratewithinafewsecondsfollowinggenerationofthedrop
letitisquitelikelythatasignificantpercentageofthedrop
letswerereducedinsizeto3to5micronsbefore

reachingthetargetThisparticularlywouldapplytofen
thionwhereapproximately90percentofthetotalvolume
waswater

Itisconceivablethatthesmallerdropletswouldbead
verselyaffectedbyLapsetemperatureconditionsHowever
thisshouldnotpresentarealproblemsincemostadultmos
quitocontroloperationsareconductedattimeswhenan
inversionexistsThelowercostsreducedenvironmental

contaminationbydiluentseaseofcleaningequipmentand
generalconvenienceconstituteadvantagesthatmakeemul
sionsworthconsideringforULVgroundapplications



NormanBAkesson

UniversityofCalifornia
DepartmentofAgriculturalEngineering2030EngineeringDavisCalifornia95616

Increasingconcernoverthereducedaffectivenessofmos
quitolarvicidingprimarilybecauseoflarvaeresistanceto
manychemicalshaspromptedtheMADmanagersinCali
forniatolookmoreandmoretowardadulticidingwith
aerosoldropsizespraysforrapidknockdownandthereby
primaryprotectionofurbanpopulationcenters

AerosolingmaybedefinedasapplyingsprayswithVMD
volumemediandiameteroflessthan50umbyaircraftor
under25umVMDbygroundequipmentSincethesesprays
arebydefinitionairbornethetechniqueofaerosolingre
quiresmuchgreatercareandprecisionintheapplication
machinemethodologyandthecorrectweatherormicro
meteorologicalconditionsinordertoachievepredictable
successIfcareintheapplicationprocessisnotpursuedthe
resultsmaybeerraticunpredictableandfrequentlywaste
fuloftimematerialandlabor

AEROSOLDROPSIZEProbablythemostimportant
parameterorvariablefunctionthatmustbecontrolledwhen
aerosolingisthedropsizeoftheaerosolTheatomization
processisoneoftremendouslyexpandingthesurfacearea
ofagivenquantityofliquidThusproducing100umdrops
oranatomizationprocessthatproducesaVMDof100
umdemandsagivenlevelofenergyinputasliquidpres
sureorairvolumeunderpressureorrotarymotionheator
othersourceofenergyReducingthedropstoaVMDof
50umdoesnotjustdoubletheenergyrequirementbut

increases itby4timesbecausethenewsurfaceareacreated
isdor4timesthatofthe100umdrops

ButthisisonlypartofthestoryInadditiontothe
energyagainbutbecausethesmallerdropsarealsomore
resistanttobreakupthatissmalldropsrequiregreater
energytosplitthanlargeroneswehavequicklyreacheda
pointwherethenormalairshearorforceofliquidejected
athighpressurefromanozzlewillnolongerbreakupthe
dropsandothermorepowerfulmeansmustbeusedThus
wecanusesuchmeansasthefollowingforobtaininga
breakupofsprayliquidseitheroilorwaterbasedownto
around6075umVMDButtogobelowthisrequiresdif
ferentproceduresasshown

Atomizationmeanstoreducesprayliquidstoapproxi
matelyminimumof60umVMD

1Hydraulicspraypressureandhydraulicfanorconetype
nozzlesPressureaboveabout250300psipoundsper
sqin

2RotarydevicesMicronaireBecomistMinispinorothers
withadiscorscreenperipheralspeedapproximately
15000fpmftpermin

3Airshearortwinfluidsystemsusing200to300mph
airvelocityorrelativevelocitybetweenemittedspray
andsurroundingairstreamsuchaswithablowersprayer
oranaircraft

Systemsrequiredforproducingaerosolsorspraysunder
50umVMD

AEROSOLMACHINEDEVELOPMENTS
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1Highpressureairliquidor2fluidnozzlessuchasextern
alorpaintsprayertypedeviceorinternalashighpressure
nebulizernozzles

2Highairvolumeatlowpressuresystemssuchasthe
YeomansBelvoirsystemalsoLeco Microgenetc

using100200cfmcubicftminofairat35psiina
verticaltypenozzle

3LiquidflashingorpressurizedaerosolasFreonpressur
izedcanswhereahighlyevaporativecarrierismixed
underpressurewiththesprayliquidandwhenreleased
formsaerosolsizedropsfurtherreducedbytheevapor
ationorflashingchangingfromliquidtogaseousstate
ofthespraytoxicant

4Thermalorheatgeneratedaerosolswhereatomizationis
producedbytheflashingoftheliquidtoxicantby
directcontactwithaheatedsurfaceorbymixingwith
steamAerosolsizetoxicantparticleswilltendtocool
inthemoistatmosphereandproduceconsiderable
amountsofundesirabledensefogorsmogassociated
withthethermalmachines

METEOROLOGICALCONDITIONSWheretheaerosol

sizeparticlesbelow50umVMDaretobeusedgreatcare
mustbetakentoapplytheseonlyunderfavorableweather
conditionsconducivetopropersurfacedownwindspreading
withminimumverticalorturbulentmixingandlosstoup
perairItisextremelydifficulttopredictthesuccessof
aerosolingbyaircraftifdropslessthan5060umVMDare
usedThisisbecauseoftheheightofreleaseabovebrush
orforestcanopywhichsubjectstheaersoltooverheaddis
persionintheairfromtheaerodynamicVortexsystemof
theaircraft

Thusaerosolsbelow50umVMDwhicharemostsuc
cessfulincontactingadultmosquitoesarenoteasilyhan
dledbyaircraftandsoappliedaresubjecttoerraticbiologi
calresultsDropsdownto10umVMDhavebeenshownto
beverysuccessfulincontactingflyingmosquitoesThese
canbeproducedbyavarietyofgroundoperatedmachines
andmanyobservershavehadverygoodresultsapplying
theseaerosolswithdropsizecontainingaboutoneminimum

LDdoseforamosquito
ForaircraftadulticidingitissuggestedthattheVMDbe

notsmallerthan50umEvenwiththiscoarseaerosolap
pliedunderbestweatherconditionsthesuccessoftheoper
ationcanfrequentlybespottyasthejobiscompletelyde
pendentonfavorableweatherconditionsAerosolingoffers
averyeffectiveknockdowntoolfordistrictmanagersand
newcoldfogaerosoltypeequipmentnotonlyeliminates
theundesirablesmokeofthethermalmachinesbutalsore
ducesthelossesofthematerialthatwentintotheinefficient

submicronsizesmokeparticlesProgramsforadulticiding
largeurbanareashaveshowntheprotectivepotential
ofthesetechniquesbutwhereheavilyinfestedandfavor
ablebreedingareasexisttheadulticidingprogramwillshow
verylittleresidualeffectandmustberepeatedforcontin
uedcontrol



OPERATIONALEXPERIENCEWITHLOWVOLUMENONTHERMALAEROSOL

GENERATORSINTHECOLUSAMOSQUITOABATEMENTDISTRICT

INTRODUCTIONTheColusaMosquitoAbatement
Districtincludesanareaof102400acresintheSacramento
ValleyofCaliforniamuchofitinagricultureThemajor
populationcenteristheCityofColusapopulation3825
MosquitoproblemsincludeAedesspeciesfromwildfowl
managementareasprivateduckclubsandirrigatedpast
uresandAnophelesfreeborniandCulextarsalisproduced
inricefieldsWithintheDistrictabout20000acresare
usuallyplantedtoriceThereareanadditional70000
acresofriceintheadjacentuncontrolledareaofColusa
Countyaswellasricegrowingareasinneighboringcounties
whicharenotcoveredbymosquitocontrolprograms

SincetheformationoftheDistrictin1958mostofthe
controlefforthasbeendirectedagainstAedesspeciesThis
hasprovidedthecitizenswithprotectionduringtheday
lighthoursbutAfreeborniandCtarsalisfromtherice
fieldshavecontinuedtocauseextremediscomfortandcon

stituteacontinuingthreatofdiseasetransmissionOverthe
yearsattemptsweremadetoutilizeparathiontocontrol
mosquitoesinricebasedoninspectionandtreatmentof
individualfieldsasdeemednecessaryThetechniqueproved
tobeunsuccessfulbecauseofthemagnitudeoftherice
acreageandthedifficultyinsamplingforlarvaeinthat
habitatLighttrapcountsshowedlittledifferencebetween
yearswhentreatmentwasattemptedandyearswhenitwas
notIn1967alargescaleexperimentalapplicationwas
madeasacooperativestudytoevaluatethepotentialof
aeriallarvicidingwithlowvolumeapplicationofchlorpyrifos
DursbanIn1970thetechniquewasincorporatedinto
theDistrictsoperationalprogramTheworkwasdescribed
byWomeldorfandWhitesell1972Akessonetal1972
WashinoWhiteselletal1972WashinoAhmedetal
1972andAtkins1972Theconclusionreachedwasthat
althoughthetechniquekilledlarvaethedegreeofcontrol
affordedwasnotsatisfactorybecauseofreinfestationfrom
thevastareaofuncontrolledricefieldssurroundingthe
District

DESCRIPTIONOFMACHINESTestswithlowvolume

nonthermalaerosolgeneratorsreportedbyStainsetal
1969andtheoperationalexperiencesofneighboringmos
quitoabatementdistrictsencouragedconstructionandtrial
ofsimilarunitsintheColusaMADAthermalfogunitwas
convertedtoacoldfoggersimilartotheconversiondescribed
byAndersonandSchulte1970Theunitconsistedofa
twocylinder12hpWisconsinenginebeltcoupledtoaposi
tivedisplacementairpumpMiehleGossDexterAirfrom
theblowerwasductedtoanozzlemanifoldinwhichwere
mountedfourAfaNo51140venturiairshearnozzlesThe

insecticidecontainerwaspressurizedwithairbledfromthe
blowerWiththisunitwewereabletoobtainapressureof
approximately3psiinthenozzlemanifoldandamaximum
insecticideoutputof5flozminAlthoughdropletsize
measurementswerenotmadewiththisconfigurationgross

KennethGWhitesell

ColusaMosquitoAbatementDistrict
PostOfficeBox208ColusaCalifornia95932
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observationsledustobelievethattheairoutputwasin
sufficienttoprovideadequateatomizationwithfournoz
zlesTwoofthenozzleswereremovedwhichresultedinin

creasedpressureinboththenozzlemanifoldandtheinsec
ticidetankOutputremainedaboutthesamewithanappar
entdecreaseindropletsizeDropletsizemeasurements
madebyMetronicsAssociatesIncPaloAltoCalifornia
usingafluorescentparticletechniqueshowedthatmost
dropletswereinthe610IirangeLMVaughnpersonal
communicationThisunitwasusedexperimentallyin
operationalapplicationsduringthe1970and1971seasons

Duringthewinterof1971anewmachinewasconstruct
edFigure1Itconsistedofa21hpCrosleyenginedirect
coupledtoaRootsNo47blowerThenozzleusedwasan
AfaNo6208208Atripleventuriassemblywhichhadbeen
modifiedbyinsertingbrasstubingintotheorificestoreduce
thesizeoftheopeningto132inchThenozzlemanifold
wasconstructedwitharemovablefaceplateFaceplates
containing1to4nozzleassembliesweretestedItwasde
cidedthattheplatecontainingtwoofthetripleventuri
assemblieswasthemostsatisfactoryapparentlyproviding
agoodbalancebetweennumberofnozzlesandtheamount
ofairproducedbythebloweratmoderateenginespeeds
Noprecisedropletsizingwasdoneatthetimebutvisual
observationsweremadeofthesprayanddropletfallout
checksweremadewiththeaidofaluminumpieplates
MeasurementscarriedoutlaterbytheDepartmentofAgri
culturalEngineeringUniversityofCaliforniaatDavisindi
catedthatthemachinewasproducingdropletsintherange
of16pVMDand245pVMDNBAkessonpersonal
communication

Fig1ColusaMosquitoAbatementDistrict
aerosolgenerator1971model

nonthermal



60

FIELDTRIALRESULTSExperimentaloperational
applicationsweremadeinfourtypesofareasthetownit
selfthericefieldsaroundthepopulatedareapasturesand
duckclubsExperimentalapplicationsweremadeinthe
townofColusaduringthe1972mosquitoseasonusing3
pyrethrinsynergizedwith25piperonylbutoxideand1
lbgalchlorpyrifosDetailsofthesetestsaregivenby
Womeldorfetal1973Mortalitiesofcagedadultmos
quitoesweremuchgreaterontestlineapplicationsrunout
sideoftowninopenterrainthanobservedmortalitiesin
townwiththesamecherticalformulationanddischarge
rate

Severalexperimentalapplicationsweremadetorice
areaswiththenewdirectcoupledunitsChlorpyrifoswas
usedatratesof1lbgalactiveingredientand2lbgalactive
ingredientTheseformulationswerepreparedeitherbycom
biningDursbanULVwithanequalamountofpolypropy
leneglycolDowP400orbydilutingthe6lbgalther
malfogformulationwithasuitablediluentsuchasSontex
75TNiagaraOrchexorOccidentalChemicalCoSuper94

Swathwidthsof12and3mileswereattemptedTest
areasoffrom6to8squaremilesweretreatedateachdos
agerateNonoticeablereductioninadultrestingunitcounts
wasobtainedinthetestareassowedecidedtoattempt
treatmentofanarealargeenoughtopreventrapidreinfesta
tionTwoidenticalunitswereusedonthetestwhichcover

edapproximately70squaremilesOperationaltimewas
about4hoursduringwhich240lbsofchlorpyrifoswere
dispersedResultswereunsatisfactorypossiblydueto
assumingswathstoowideunderunfavorablewindcondi
tions

Alargeduckclubareaof12000acresontheeastern
sideoftheDistrictisinitiallyfloodedduringearlyAugust
throughmidOctoberMostoftheZedsspeciesproduction
iscontrolledbylowvolumeaeriallarvicidingbutcomplete
coverageisnotpossibleNonthermalaerosolshavebeen
veryeffectiveinknockingdownemergentpopulationsin
relativelysmallareas

CONCLUSIONSOurexperiencewithcoldfoggersover
thepasttwoseasonshasindicatedthattheyareauseful
toolunderparticularsituationsThemachineshavebeen
veryvaluableintheDistricts1edesspeciescontrolpro
gramespeciallyintheduckclubareas

Aerosolsalonehavenotenabledustoachieveanaccept
ablelevelofcontroloverIfreeborniandCtarsalisfrom
ricefieldsnorhaswideswathlowvolumelarvicidingproved
acompletesuccessTheareainvolvedissolargeandso

inaccessiblethatthoroughcoverageisdifficultMosquito
productionintheuncontrolledricesurroundingtheDistrict
isofsuchmagnitudethatcontroleffortsareoverwhelmed
bytheinfluxofforeignmosquitoesItispossiblethata
combinationofthetwotechniquescoupledwiththeuseof
availablenaturalisticcontrolmeasuresmightbeeffective
ifsufficientareacouldbecoveredAtpresentthisintegrated
approachisbeyondthefinancialcapabilitiesoftheDistrict

Themacroandmicroclimatologicalconditionsofthe
intownenvironmentaresufficientlydifferentfromthose
ofopencountrytonecessitatechangingsomebasicopera
tionalapproachesFurthertestsareneededbeforewecan
determineifthetechniquewillbesuccessfulincontrolling
mosquitoesinurbanareas

Ourfutureworkwithlowvolumenonthermalaerosols

willemphasizetherelationshipofswathwidthstoinsecti
cideconcentrationsanddischargeratestheeffectsof
variousweatherconditionsandacontinuedsearchforthe
mosteffectiveinsecticide
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EVALUATIONOFMOSQUITOADULTICIDESAPPLIEDASNONTHERMAL
AEROSOLSINIRRIGATEDPASTURES

INTRODUCTIONTheincreasedrelianceuponadulti
cidesbymosquitoabatementagenciesencounteringcontrol
failureswithorganophosphatelarvicideshasdirectedgreater
attentiontoevaluationofadulticidalcompoundsMullaet
al1972andtechniquesoftheirapplicationDistrictslimit
edbyOPresistanceinmosquitoestomostregisteredlarvi
cidesduring197172seasonsfoundonlypropoxurBay
gonanddichlorvosDDVPeffectiveadulticidesthelat
teronlyundercertainmeteorologicalconditionsRamke
etal1969Sjogren1973

Controlofsusceptibleadultmosquitopopulationshas
beensuccessfulinpastyearswithULVsystemsWithsuch
systemsalargepercentofthesprayvolumeiscontainedin
the150VMDdropletrangewhichunlessencountered
afterdepositbyadultsmovingwithinthefieldiswasted
Inthecaseofnonpersistentadulticidessuchaspropoxur
SBP1382pyrethrinsandothersitisnecessarythatagreat
portionoftheadultmosquitoesbehitbytheinsecticide
deliveredasanaerosolcloudtravelingovertheinfested
areaFortunatelythetechnologynecessarytoproducethe
requireddropletrangehasbeendevelopedinrecentyears
intheformofthelowvolumeaerosolgeneratorStainset
al1969andrecentlyahighpressuredeliverysystemfor
aircraftwasdesignedandtestedunderfieldconditions
Mullaetal1973

Thispaperwillreporttheresultsobtainedwithfour
adulticidalcompoundsappliedwithacoldfoggenerator
againstOPresistant4edesnigromaculisontheRancho
SantaMariaSmithspasturecomplexinnorthwestKern
CountyCaliforniaduring1972

MATERIALSANDMETHODSPyrocide5710pyre
thrumsplus50piperonylbutoxideconcentratewasap
pliedstraightordilutedwithparaffinicpetroleumhydro
carbonssuchasKlearolWitcoChemicalCoor492Pro
cessOilTexacoIncSBP1382NRDC104orNIA17370
5benzyl3furylmethyl22dimethyl32methyl
propenylcyclopropanecarboxylate approx70trans
30cisisomers2lbconcentratewasappliedinrawcot
tonseedoilandARCOLarvicideOilAtlanticRichfield
CoanaromaticoilPropoxurBaygon0Isopropoxy
phenylmethylcarbamate14oilsoluableconcentratewas
appliedundilutedPrimiphosmethylorActellic2diethyl
amino 6 methylpyrimidin 4yldimethylphosphoro
thionate5lbULVandECemulsifiableconcentratecon
centratewasmixedwith492ProcessOilThethreepetro
leumhydrocarboncarriersarecharacterizedwithhighboil
ingranges

1KernMosquitoAbatementDistrictPostOfficeBox9428
BakersfieldCalifornia93309

2DepartmentofEntomologyUniversityofCaliforniaRiverside
California92502

RDSjogren MSMullaandJRArias
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AllapplicationsweremadewithafournozzleMicrogen
ModelL475coldfoggertransportedonthetailgateofa
pickuptruckRouteoftravelwaswinddeterminedwiththe
trucktravelingontheupwindsideasnearrightangletothe
fieldaspossibleRateoftravelaveraged5mph

ProblemswereencounteredwiththeuseoftheMicrogen
modelemployedinthesetestsThelackofadrainvalveon
theinsecticidereservoirmadeitnecessarytoemptyresidual
fluidoutthenozzleaftereachtestThemachineweightand
methodoftankattachmentpreventedtippingSimilarly
itwasnotpossibletodeterminethetankvolumeduringa
runwithoutstoppingdepressurizinganddippingwitha
stickAnexternalfluidcolumnwouldenablebetteruseof

thelastfewgallonsbymakingpossiblealterationsinthe
finalminutesoftreatmentsSinceengineRPMaltersthe
pressuredeliveredbythebloweralockingthrottlemechan
ismwouldpreventflowratechangesduringoperation
causedbyvibrationoraccidentalmovementAnairpres
suregaugeinsertedbetweentheblowerandthenozzle
chamberviaaquickdisconnectcouplingattachmentwould
permitenginethrottleadjustmenttoachieveaconstantair
pressureKGWhitesellPersonalCommunication

Winddirectionchangesduringtreatmentmadeproper
coverageofthetestareadifficultoruncertainfrequently
requiringteststobequalifiedorvoidedWinddirection
duringtwilightperiodscouldnotbepredictedforanyper
iodoftimeinareassurroundedbyheterogeneousground
coverswhereasexperienceshowedairflowdirectionstable
foruptoanhouraftersundownapproximately70ofthe
timewhenthetreatedareawasencompassedforseveral
milesbyhomogeneousgroundContrarytoresultsobtained
intheSacramentoValleyKGWhitesellPersonalCom
municationatwindspeedsupto6mphtreatmentsin
KernCountyatairvelocitiesabove4mphproducedlittle
ornodeclinein4edespopulationsSupressionofflight
activitybywindsabove4mphorarequirementofmultiple
particlecontactbyOPresistantadultstoproducemortality
orbothmayhaveinfluencedresults

Fieldschosenfortreatmentwerefloodirrigatedquarter
andhalfmileBermudagrasspastureswithahistoryof
heavyAedesproductionandresistancetoOPlarvicidesTest
pre postevaluationareasizerangedfrom320to640
acresAdultpopulationswereestimatedfromlowerbody
landingcountstakenpreandposttreatmentfromlocations
withinboththetreatedandcontrolareasTheeffectof

ofadulttrailingbehaviorwasminimizedbytravelingwith
inaclosedvehiclebeforereenteringthefieldforeachsub
sequentcountPretreatmentcountswereusuallymade545
minutesbeforetreatmentposttreatmentpopulationassess
mentsvarieddependingontimeoftreatmentielighting
conditionsandmaterialappliedDeclinesorincreasesinthe
adultpopulationduringeachposttreatmentevaluation
periodwerecorrectedbyMullasformulaMullaandDar
wazeh1971tomoreaccuratelydeterminethedegreeof
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suppressionduetotheadulticidalchemical
ThedailyflightrhythmsofAnigromaculisintheSan

JoaquinValleyhavebeenreportedbyMiura1971who
foundthemaximumadultpopulationinflightduringthe
eveningtwilightperiodwhenthetemperatureisabove60F
andtherelativehumidityis40orhigherExperiencehas
shownthatcoldfogparticlesdriftoveropengroundwith
outcontactingadultAedesrestinginlowgrowingpasture
grassesThusapplicationswereprimarilymadeduringper
iodsofmorningoreveningflightactivityWindvelocity
duringtheapplicationsrangedfrom06mph

RESULTSANDDISCUSSIONOntheeveningofJuly
11acooperativetestwasconductedwithCommanderEd
FussellUSNAlamedausingaWankeldrivenMicrogen
coldfoggertodischargepropoxur15ecataflowrateof
55fluidouncesminuteDuetoanabbreviatedrunpost
treatmentcountsweremadeintheestimatedcenterofthe

swathaccountingforwinddeflectionEssentially100re
ductionwasobservedintheadultpopulationatdistances
uptoamileTable1Recallinganadultcounttakenfor
operationalpurposesthemorningoftreatmentapproxi
mately3milesinlineofdriftdownwindaposttreatment
countindicatedsubstantialreductionDuringthistrial
controlfieldswerenotestablishedfortheassessmentof

populationactivity

Table1Initialapplicationofpropoxur15ECapplied
byMicrogencoldfoggeragainstadultAedesnigromaculis
atRanchoSantaMaria71172eveninga

Distfrom LandingRatesHost
Field Discharge Pre745pmPost12hrs control

75 05mile 1000 0

69 10mile 1500 1

68 10mile 150 0

68 13mile 150 1

44 35miles 60 11

100

100

100

99

82

aThreegallonsofundilutedpropoxur15ECwasdispensed
at55ozmin05milerunfrom822829Windconsistentfrom
NWat34mphTemperature78F
bComparisonsnotmadewithcontrolfields

OnJuly18followingcancellationofaplannedhigh
pressureaircraftadulticidingsystemtestduetomechanical
difficultiesamidmorningcoldfogapplicationwasmadeto
fields4through10onwhichpretreatmentcountshadbeen
takenTengallonsofpyrethrum09wasappliedinKlearol
carrierataflowrateof24fluidouncesminuteoverap
proximately500acresWindvelocitywas24mphWithin
thefirst100feetdownwind86reductionwasobserved

twohoursposttreatmentwithcontrolfailingoffto23
at200feet43at500feet52at1320feetand40
atjustunder3960feetforanoverall49reduction

Thefollowingmorningadultcountswereagainhighin
fields410and5gallonsof5pyrethrumweredischarged
ataflowrateof25ouncesminuteundera46mphbreeze
startingat715amThecontrollevelincreasedslightly
fromthe1hourposttreatmentassessmenttothattaken2

hoursaftertreatment86to96atdistancesupto500
feetThelevelofcontroldroppedto12at2500feet
fromdischarge

OntheeveningofAugust18atreatmentof5gallons
of5pyrethrumwasmadewitha13mphbreezestarting
10minutesaftersundownForunknownreasonsthepost
treatmentresultswerevariablemoresowithinthetreated
areathanthecontrol

OntheeveningofSeptember14anundilutedapplica
tionof5gallonsof10pyrethrumwasmadeona125
milerunataflowrateof43fluidouncesminutebeginning
shortlyaftersunsetWindvelocitywas12mphTwelve
hourposttreatmentcountsindicatedgoodpopulationre
ductionwith98controlat200feet70at1300feet
and83at2500feetdownwindTable2

Intheseteststhepoorcontrolresultsacheivedbeyond
100feetdistancedownwindfromdischargeinthe09
and5morningpyrethrumapplicationsareprobablyin
fluencedbyinsufficientflightactivityAsMiura1971
demonstratedtheeveningadultflightactivityisapproxi
matelytwiceasgreatasthatintheearlymorningSince
coldfogparticlesdonotpenetratethoroughlyintograsses
andothergroundleveladultrestingareasadultflightis
essentialforcontactwithinsecticideparticlesTheincon
sistentresultsgainedfromthe5eveningtreatmentmay
havebeenduetoposttreatmentinfiltrationofadultsinto
thetreatedareawindshiftoracombinationofinadequate
dosageandvigortoleranceconferredbyacquiredOPresist
anceWhenthefoggingsolutionwasraisedto10pyre
thrumandflowrateincreasedfrom25to43fluidounces
minuterelativelygoodcontrolwasobservedupto2500
feetdownwind

ThefirstofthreeeveningcoldfogapplicationsofSBP
1382wasmadeonAugust22acrossa640acretestarea
Twelveandahalfgallonsof48SBP1382wasappliedat
106ouncesminuteinARCOLarvicideOilina23mph
breezeControlassessmentmade12hoursposttreatment
reflectedamediocrelevelofcontrolat05and1mileof
65and69 respectively

ThesecondapplicationwasmadeinmidSeptemberwith
10gallonsof72SBP1382usingrawcottonseedoilas
carrierThetreatmentcommencedapproximatelyahalf
houraftersundownataflowrateof28fluidouncesmin
uteUnderchangingwindconditionswhichnecessitated
treatingthe500acreplotonthreesidesfairtogoodcon
trolwasobtainedatallstationsThedistancefromdischarge
toeachstationisestimatedduetouncertaintyastowhich
sideorsidestreatedproducedthepopulationreduction
Controllevelvariedfrom97to53withintheevaluation
area

Thefollowingeveninga320acreareawastreatedwith
4gallonsof72SBP1382at30fluidouncesminuteflow
rateApproximately12hoursposttreatmentthecontrol
levelaveraged71at200feet53at1050feet61at
2500feetand45at4200feetTable3Eachofthe
SBP1382treatmentswasmadeunderexcellentconditions
withtemperaturesabove70Flowwindconditionsand
highmosquitoflightactivity

Nozzlepluggingwasencounteredinpreliminarytests
withpropoxur15ecapplieddilutedwithARCOLO
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Table2Effectivenessofpyrethrinspyrocideintermediate5710 containing078Ibsgalofpyrethrinand390lbgal
ofpiperonylbutoxidedilutedwithparaffinicoilsandappliedbyacoldfoggeragainstadultsofthepasturemosquitoledes
nigromaculisRanchoSantaMaria1972

Dist Meannumberlandingperhosthoursposttreatment
Vol from

FluidPyreCar dischPre
01 12 23 1012 12I5

Field Acres Date Time ozminthrinsrier ft trt No R No R No R No R No R

410 500 718 0930 25 9Klearol 100225 45 87 35 86 200 11

1040 200148 151 32 142 23 34 77

50082 73 41 58 43 50 39

2500127 120 37 76 52 260 0

3700100 75 50 75 40

51 80 718 control 0 100 150 125 100

410 500 719 0715 25 5 Klearol 100515 80 82 25 93 25 93

0750 492 50010 2 77 0 100 2 72

2500112 125 0 70 12 70 12

51 80 719 control 0 87 75 62 62

410 500 718 2000 25 5 492 100287 515 0

2020 50050 70 0 30 46 10 82

51 80 718 control0 100 125 112 113

5371 320 914 1940 43 10 200221 5 98 1 99

1955 120075 20 70 35 27

250096 15 83 16 74

478 320 914 control0 118 106 76

a2milerunsmadeineachtestexceptonSeptember14whentheninwas125miles
hCounts weretakenat28stationsateachinterval

Table3EffectivenessofSBP1382concsolution2lbsgaldilutedwithcarrierappliedbycoldfoggeragainstadultsof
thepasturemosquitoledesnigromaeulisRanchoSantaMaria1972

Dist Meannumberlandingperhost
Run Rate SBP No from Pre 01 1012

Field Acres Date Time miles flozruin1382 Carrier sta dischfttreat No RNo R

6869 640 822 2000 25 106 48 ARCOLO 3 2500 77 14 65

7576 2030 4 5200 113 18 69

74 80 822 control 0 4 48 25

4to10 500 912 1935 25 28 72 cottonseed 3 200 210 15 92

2001 oil 2 1050 108 20 79

2 1600 175 5 97

4 2500 138 57 53

1 3000 60 15 71

1 5200 75 8 88

5371 320 912 control 0 4 275 240

2351 320 913 1900 14 30 72 cottonseed 5 200 81 19 77 4 71

oil 3 1050 367 117 68 40 53

2 2500 93 63 32 18 61

2 4200 750 375 50 150 45

5371 320 913 control 0 4 202 148

aComparisonnotmadewithcontrolfields

492oilandundilutedduetocrystallizationcausedbysol
ventevaporationThetrialsreportedhereemployedanex
perimental14oilsolubleconcentrateprovidedbyChem

agroCorporationNopluggingwasencounteredwiththis
formulationHoweverdifficultywasencounteredmaking
accurateflowrateadjustmentsduetoitshighviscosity
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OnthemorningofAugust245gallonsofundilutedpro
poxur14OSCwereappliedovera2milerunataflowrate
of25fluidouncesperminutestarting752amTheair
temperaturewas76Fwindspeedof34mphThelevel
ofcontrolincreasedafterthefirstposttreatmentassessment
asthetoxicanthadtimetoworkControlthefirst200feet

downwindfromdischargeincreasedfrom14approxi
mately30minutesposttreatmentto72at90minutes
postremainingat72 212hoursaftertreatmentControl

atthe05miledistanceshiftedduringthesameperiodfrom
0to47and48 whereaslittleeffectwasseenatthe1

miledistance01and34reductionobservedduringthe
sameperiodsposttreatmentThereducedflightactivity
duringthetimeofdaythistreatmentwasmadeundoubted
lyhadanegativeinfluenceonthelevelofcontrolwhich
resulted

Thateveninganadditional5gallonsofpropoxur14
OSCwasappliedundera23mphbreezeataflowrateof
30fluidouncesminuteIntendingtoapplytheentire5
gallonsinarunalongthewestandnorthsidesoffields89
and10halfofthetankremainedattheendoftherun
thereforeasecondapplicationwasmadeoverthesamedis
tancetodischargetheentirecontentsExceptionallygood

Rate Sta DistfromPre

Field Acres Date Tiine flozmintionsdischfttreat

456 500 0752

78910 824 0810 25 4 200 111

4 2500 153

4 5200 118

5371 320 0control4 56

456 2007

78910500 824 2020 30 15 200 144

3 1200 75

6 2500 482

3 3700 683

6 5200 162

5371 0control8 112

4567

8910 500 913 1900 105 3 200 1

3 1200 383

2 1600 142

2 4200 150

5371 320 0control14 202

23 1855

51
320 914 1920 35 5 200 131

2 1100 138

4 2500 269

2 4200 500

478 0control7 118

aA2milerunwasmadeineachexperiment
bDoublebackapplication

resultswereobtained12hoursposttreatmentwiththe
levelofcontrolremainingsteadyoverthemiledistance
Controlresultswere89at200feet90at1200feet
93at2500feet94at3700feetand87atamile

Threeweekslaterpropoxur14OSCwasagainapplied
inaneveningapplicationTheintendeddeliveryoftheun
dilutedconcentratewas4060ozminutehoweverthede
liveryturnedouttobe105fluidouncesminuteina6min
uterunThetwelvehourposttreatmentresultsaveraged
94at1200feet84at1600and91at4200feet
downwind

Thefourthpropoxur14OSCapplicationwasmadeat
45ouncesminuteonSeptember14at655pmonfields
23and51halfasectioninareaThe12hourposttreat
mentdataindicatedgoodcontrolouttothelaststation
sampledControlaveraged95at200feet99at1100
feet80at2500feetdownwindand83at4200feet
distanceTable4

Acomparisonofthepropoxur14OSCtreatments
clearlyindicatestheeveningapplicationsweresuperiorto
themorningtreatmentpossiblyforthereasonsalready
mentionedThemosteffectivetreatmentwasthedouble

backapplicationwhichaveraged91reductionoveran

Table4EffectivenessofpropoxurOSC14appliedbycoldfoggeragainstadultsofthepasturemosquitoAedes
nigromaculisRanchoSantaMariaKernTulareKingsCountiesCalifornia1972

Meannumberlandinghosthoursposttreatment
01 12 23 1012 1215

No R No R No R No R No R

83 14 22

177 0 58

133 0 84

49 40

72 24

47 63

1 61

44

72 95 57

48 195 36

34 265 0

112

15

7

32

40

21

110

18

17

10

148

6

8

48

75

107

89

90

93

94

87

94

84

91

95 3 96

94 14 84

80 53 69

108

83 76



assesseddistanceofonemileThe105ounceminuteflow
ratedidnotprovemoreeffectiveasonemightexpect
Althoughnodataareavailableindicationsofparticledrop
outgroundwettinguponoperatingthemachineinone
locationwereobservedathighflowrateswiththisviscus
concentrateThelowerflowrateinthedoublebackappli
cationmayhavepermittedproductionofoptimumparticle
sizethusreducingdropoutinadditiontohavingsufficient
materialleftforasecondapplication

Primiphosmethyl5lbgalULV ECwasappliedina
34mphbreezeontheeveningofAugust27in492oil
carrierat70fluidounceminuteUndergoodweathercon
ditionsirregularresultswereexperiencedatdistancesof
greaterthan200feetfromdischargeControllevelswere
91at200feet35at1200feet72at2500feetand
47at3700feetdownwindTable5

Dursban4ECwasdilutedwith492oiltoa1lbgal
foggingsolutionandappliedagainstCulexadults30minutes
aftersundownonAugust301972Theflowratewas56
fluidouncesminuteWinddrift01mphrelativehumidity
80 withahighcloudcoverfromasouthernCalifornia
tropicalstormPretreatmentcountspersquareyardwere
takeninnaturalrestingareasaroundbuildingsbefore800
amonthemorningoftreatment12hourposttreatment
countsweretakensimilarlythefollowingmorningResults
outto2600feetfromdischargeshowedabove90reduc
tionoccurredatallbuttwostationswhichwereonthe

downwindsideofbuildingsinareasprotectedbyvegetation
Table6Anaverageof93reductionwasachievedintwo
similarlocationslackingvegetation

OfthefouradulticidesusedintestsagainstOPresistant
lodespropoxurwasconsistentlymoreactiveatdistances
greaterthan200feetfromdischargeThel0pyrethrum
SBP138272 propoxurandprimiphosmethylapplication
resultswereessentiallythesameatthe200footlevelThe
adultsfoundduringmorningposttreatmentscountsatthis
distancecanbeattributedinparttoinfiltrationfrom
acrosstheroadoftravelduringapplication

AvailableinformationonpropoxurGeorghiouetal
1966Georghiou1970suggestscautionintheextensive
useofthismaterialinareawidemosquitocontroloperations
duetoevidencethatresistancetothismaterialmayinduce
tolerancetostructurallyrelatedcompoundsinthefuture
Unfortunatelywiththeexceptionoftheuseofdichlorvos
underlimitedconditionspropoxuristhemosteffective
adulticideagainstresistantmosquitoesinCalifornia

Operationaluseofnonthermalaerosolsagainstpost
emergentledespopulationsinareaslocatedsomedistance
apartposeslogisticalproblemsduetothebrevityofthe
twilighttreatmentperiodContiguouslargeacreagetreat
mentsforcontrolofledesadultsappearfeasibleandare
tentativelyplannedfor1973onRanchoSantaMariaHow
everduetotheresistanceselectingpotentialofthesub
lethaldosageswhichwouldbereceivedbythelargenumber

Table5EffectivenessofprimiphosmethylActellic5
lbgalULVformulationappliedbycoldfoggeragainst
adultsofthepasturemosquitoledesnigromaculisRancho
SantaMaria1972a

125 56

20 0

control

Meannolandhost

hrspost

VolumeNo DistfromPre 1012

Field Acres f1ozminstationsdischfttreatNo

2351 320 70 5 200

41200

32500

33700

5371 320 0control 7

1 800

4 1300

1 1600

1 2600

2

40

141

15

300

75

445 33

434442

700170

700320

643555

91

35

72

47

3 93

17 88

1 93

25 92

75
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aTreatmentmadeonSeptember27at1852A075milerunwas
madeThe5lbgalULVformulationwasdilutedwith492process
oilTexacoCotoyieldaformulationcontaining20ofActellic

Table6EffectivenessofDursban4ECappliedby
coldfoggeragainstCulexadultsinasemiurbanagricultural
areasouthofBakersfieldCalifornia1972a

Meannorestydhrspost
VolumeNo Distfrom 1012

Acres flozminStationsDischftPretreatNo

aTreatmentbegunonAugust301972at1010A75milerun
wasmadealongaraisedcanalbank25mileupwindfrommost
stationsThe4lbgalECformulationwasdilutedwith492Process
oilTexacoCotomakea1lbgalfoggingsolution

ofOPresistantadultsfromthedriftofrepeatedtreatment
materialchoiceandtreatmentpressurewillrequirejudicious
attentionasannualflightsofadultsfromthisareaSmith
etal1956wouldfacilitatedispersalofacquiredresistance
overtheremainderofthesouthernSanJoaquinValley
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EVALUATIONOFLOWVOLUMENONTHERMALAEROSOLSFOR

MOSQUITOCONTROLINCALIFORNIA

DonJWomeldorfErnestELuskKennethRTownzenandPatriciaAGillies

CaliforniaDepartmentofPublicHealth
BureauofVectorControlandSolidWasteManagementOfficeBuilding9 744PStreetSacramentoCalifornia95814

DuringthepasttwodecadesmosquitocontrolinCali
forniahasdeemphasizedadulticidinginfavoroftheorgan
ophosphoruslarvicidesRecentlydevelopmentofbroad
spectruminsecticideresistancebylarvaeoftwomajorspec
iesandrecognitionofthepresenthighcostsoflarviciding
tocontrolmosquitolarvaeinricefieldshaveledtorenewed
interestinadulticidingasanoperationaltechnique

BrownandMulhernin1954reportedontheperform
anceofseveralthermalaerosolmachinesinuseinCalifornia
atthattimeandpointedoutlimitationsandoperational
problemsNonthermalaerosolgeneratorsdevelopedfor
militaryuseMorrilletal1955werelatermodifiedto
applyverylowvolumesofinsecticideanddiluentMount
etal1968Thewideswathsachievableonatestline
basisweredemonstratedinCaliforniaStainsetal1969
Gilliesetal1972Therearenowonthemarketanumber
oflowvolumenonthermalaerosolgeneratorsandseveral
unitshavebeenconstructedandusedoperationallybymos
quitocontrolagenciesPersonneloftheBureauofVector
ControlandSolidWasteManagementhavemonitoredand
evaluatedoperationalandtestapplicationsThispaperre
portstheresultsofselectedapplicationsoncagedandfield
mosquitopopulations

METHODSANDMATERIALSMostoftheaerosol

unitswereconstructedbylocalmosquitocontrolagencies
AunitfromtheDiseaseVectorEcologyandControlCenter
USNavalAirStationAlamedaStainsetal1969was
utilizedinonetestreporteduponhereThecontrol
agencymachinesconsistedofafourcylindergasoline
engineofapproximately20hpdirectcoupledtoaposi
tivedisplacementairpumpCommerciallyavailableair
shearnozzlesAfa Corpweremodifiedbyreducing
theliquidorificeto132inwithbrasstubinginserts
Liquidwassuppliedtothenozzlebypressurizingthein
secticidetankwithairbledfromtheblowerThemachines

weremountedonutilityvehicles
Severalinsecticidesandformulationswereusedinthe

testsMalathionregisteredfornonthermalaerosolsandused
throughouttheUnitedStateswasnotincludedinourwork
becauseofwidespreadmosquitoresistanceinCalifornia
Severaltestsweremadewithsynergizedpyrethrinsalso
registeredfornonthermalaerosolsExnerimentalapplica
tionsweremadeoftwomaterialsnotregisteredforthe
purposechlorpyrifosDursbanandpropoxurBaygon

Vegetableoilsmineraloilsandapolypropyleneglycol
wereusedasdiluentswhennecessaryTheywerechosen
forcompatibilitywiththechemicalbeingtestedandfor
relativelylowvolatility
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Evaluationwasbasedonobservationsmadeoncaged
mosquitoeslandingratecountsorbothLighttrapcounts
weremadeontwooccasionsCagedmosquitoesusedforthe
testswereknownsusceptibleCulexpipiensquinquefasciatus
fromourcolonyorfromtheUniversityofCaliforniaMos
quitoResearchLaboratorycolonyatFresnoThecages
wereforthemostpartdisposablepaperandnylonnet
unitsdescribedbyTownzenandNatvig1973Landing
rateobservationswereutilizedwhenfieldpopulationsof
diurnalmosquitoesweretobetreatedandweremade
priortoandaftertreatmentCDCtrapsbaitedwith
carbondioxidewereusedtomeasurefieldpopulationsof
CulextarsalisandAnophelesfreeborniApplicationswere
generallytimedtocoincidewithmosquitoactivitypeaks

TestsweremadeintwosituationsOneexemplified
herebythecontroldemonstrationsattheBurneyBasinand
TulareMosquitoAbatementDistrictsutilizedopenpasture
landThesecondillustratedbythetestsintheColusaand
TehamaCountyMosquitoAbatementDistrictswerein
residentialcommunitiescharacterizedbysuchobstructions
asdwellingstreesandshrubbery

DESCRIPTIONANDRESULTSOFINDIVIDUAL

TESTSBurneyBasinMosquitoAbatementDistrictThe
testareawasaranchinanisolatedmountainvalleyAp
proximately5000acresareunderirrigationandmuchof
theareaproducestremendousnumbersofAedesmelani
mon4nigromaculisandsmallernumbersofotherspecies
ThetestlayoutandconditionsarepresentedinFigure1
Thetestapplicationwasmadebetween1900and2100
hoursonJuly251972Themachineusedwasonebuilt
andoperatedbytheColusaDistrictdescribedindetailby
Whitesell1973Athermalfogformulationofchlorpyrifos
wasdilutedto2lbgalactiveingredientwiththemineral
oilSontex75TAtotalof12galor24lbactiveingredi
entwasdispersedduring110minutesapplicationtime
Mosquitopopulationsatthetimeofthetestweremoderate
Fieldpopulationestimatesweremadeateachstationby
threeindividualswhoenteredthefieldwaitedaboutone
minutethencountedthemosquitoesononepantlegper
manThepretreatmentcountwasmadethedayoftreat
mentandtheposttreatmentcount24hourslaterorabout
15hoursposttreatmentCagedCpquinquefasciatuswere
locatedatthepositionsshownonthemapTwohoursafter
treatmentwascompletedthecageswerecollectedandre
placedwithnewoneswhichwereleftinthefieldforthe
restofthenight

Tables13presenttheresultsobservedagainstfieldand
cagedpopulationsTheaveragereductioninthefieldpopu
lation15hoursaftertreatmentwas90 Mortalityinthe
cagesexposedatthetimeofapplicationreached100with
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Table1LandingcountsofadultAedessppobserved
priortoandafterachlorpyrifosnonthermalaerosolappli
cationJuly251972BurneyBasinMosquitoAbatement
DistrictCountsaretotaledfromthoseofthreeindividual
observers

Station Pre

1 27

2 3

3 0

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

73

20

100

23

67

39

26

46

167

11

18

23

22

31

26

43

44

72

34

34

8

2

10

TOTAL 969

Numberperlei
Post Reduction

0

0

0

5

6

9

7

11

6

7

1

5

8

12

4

3

4

0

0

0

1

3

1

0

0

0

100

100

93

70

91

69

83

84

73

97

97

27

33

82

86

87

100

100

100

98

91

97

100

100

100

93 90

in12hoursatallstationsexceptthoseattheextreme
southeasternexitofthevalleyapproximatelyPhmilesfrom
thepathofthefoggerItisdifficulttoseeanyclearrela
tionshipbetweenmortalityinthefirstandsecondseries
ofcagesbutitisapparentthatinsecticidalactivitywasstill
presentinthevalleyforsomeperiodoftimeduringthe
night

TulareMosquitoAbatementDistrictTheTulareDis
trictisintheareaofthesouthernSanJoaquinValleysuf
feringfromthehighestorganophosphorusresistanceinA
nigromaculisandCtarsalisTestswereconductedagainst
Anigromaculistoevaluatetwoadulticidessynergized
pyrethrinandpropoxurintwopasturecomplexesofabout
1000acreseachFigures2and3Themosquitopopula
tionwasevaluatedbylandingrateobservationsModerate
populationswerepresentAnattemptwasmadetouse
cagedmosquitoesbutachangeinwinddirectionrendered
themuselessGeneratorsusedweretheColusamachineand

theUSNavymodelTheformerapplied55galofapy
rethrinformulationpreparedbycombiningequalvolumes
ofa10pyrethrin50piperonylbutoxideformulationand

Table2MortalityofcagedadultCulexpipiensquin
quefasciatusfollowingachlorpyrifosnonthermalaerosol
applicationJuly251972BurneyBasinMosquitoAbate
mentDistrictCagesplacedatstationswithin1hourpre
treatmentmortalitydeterminedatintervalsposttreatment

Station 2 5

1 100

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Check

1

2

3

0

0

0

Percentmortalityathoursposttreatment

7 100

0 100

0 100

destroyedbycattle

0 11 72

0 35 100

0 0 16

0 0 44

0 5 68

0 87 100

33 100

0 72 100

0 0 100

1006 50

77 100

75 100

83 100

11 100

100

0 8 100

0 94 100

13 100

0 100

100

32 100

12 24

94

21

56

68

0

0 0 6

0 0 6

thesolventKlearolwhichwasdispensedduring35min
utesapplicationtimeThelatterappliedabout4galof15
lbgalpropoxursprayconcentrateduringapproximately10
minutesapplicationtimeApplicationsweremadenearly
simultaneouslybeginningatapproximately2000hourson
July101972

Observationsmadeatabout15hoursposttreatment
showedthatthemosquitopopulationhadbeenmarkedly
reducedTables45Thepyrethrinapparentlywashighly
effectiveforhmileandlesseffectiveforanadditionalh
mileThepropoxurapplicationgavealmostcompletecon
trolforhmileandgreatlyreducedthepopulationforan
additionalhmileThecountsforbothareasremainedlow

duringobservationsforthreedaysfollowingapplications



Table3MortalityofcagedadultCulexpipiensquin
quefasciatusfollowingachlorpyrifosnonthermalaerosol
applicationJuly251972BurneyBasinMosquitoAbate
mentDistrictCagesplacedatstationsat21202230fol
lowingtreatmentatapproximately1900 2100Mortality
determined11001200July261972

Station PercentMortality

1 100

2 100

3 71

4 17

5 destroyedbycattle
6 75

7 57

8 100probablyanerrorcagemayhaveleaked
9 48

10 25

11 71

12 69

13 31

14 14antsincage
15 0

16 11antsseencapturinglivemosquitoes
17 22

18 50antsincage
19 71

20 100

21 destroyedbycattle

22 0antsseencapturinglivemosquitoes
23 93

24 80

25 100

26 100

Check

1

2

1

2

3

4

5

5

5

Table4LandingratecountsofAedesnigromaculis
priortoandafternonthermalaerosolpyrethrinapplication
July101972TulareMosquitoAbatementDistrict

Pantlegcountsatdaysposttreatment
Station Pretreatment 1 2 3 Pantlegcountsatdaysposttreatment

20 1

510 13

3050 0

510 510

510 510

10

3

0

0

0

8

3

0

0

2

TehamaCountyMosquitoAbatementDistrictThe
smallcommunityofGerberpopulation775wastreated
ontwooccasionsTheobjectivewastoevaluatetheability
ofanonthermalaerosoltopenetratearesidentialareaThe
villageiswelllaidoutforsuchatestwithresidentialstreets
dividingitintoblocksofabout330x495feetThemachine
usedwasoneconstructedbytheTehamaDistrictandis
nearlyidenticaltotheColusaunitAthermalfogformula
tionofchlorphyrifoswasdilutedto2lbgalactiveingredi
entwithSontex75T

Thefirstapplicationwasmadebeginningat2000hours
onAugust211972Asinglepasswasmadewiththecold
foggertravelingeastalongtheleveeroadimmediatelysouth
ofGerberFigure4Thetreatmenttimewas115minutes
atadischargerateof277flozminThesecondapplication
beganat1940hoursonSeptember121972Singlepasses
weremadeonthreenorthsouthstreetsattheedgeofandin
townFigure5Thetreatmenttimewas16minutesata
dischargerateof24flozmin

CagedCpquinquefasciatuswereusedonbothocca
sionsDuringthefirsttesttheywerelocatedentirelyinthe
openanddistributedthroughoutthevillageForthesecond
testtheyweredistributedthroughoutbutwerepairedat
eachstationwithonecageintheopenandtheotherpro
tectedinshrubberyFigure6Atthesecondapplication
anattemptwasmadetomeasurethenaturalpopulation
withlighttrapsbutarainstormnegatedtheresults

Station Pretreatment 1 2 3

0 0 0

1 510 2

0 0 2

510 510 1

69

Fig6Placementofexposedandprotectedbioassay
cagesduringnonthermalaerosolevaluations1972

Table5LandingratecountsofAedesnigromaculis
priortoandafternonthermalaerosolpropoxurapplication
July101972TulareMosquitoAbatementDistrict

1 50

2 200
3 20100

4 1520
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Table6MortalityofcagedadultCulexpipiensquin
quefasciatusfollowingachlorpyrifosnonthermalaerosol
applicationAugust211972GerberTehamaCountyMos
quitoAbatementDistrict

Percentrortalityathoursposttreatment
Station 3 12 20 38

1 100

2 100

3 100

4 100

5 ants

6 100

7 68

8 100

9 100

10 100

11 100

12 30

13 62

14 65

15 100

16 100

17 100

18 100

19 100

20 100

21 100

22 100

23 22

24 100

25 8

26 50

27 7

28 54

Check

1 0

2 00

3 0

l00

100 10 0 33 42 42

85 100 11 100

82 100 12 100

55 66

67

90

57

100

0

0

0

92

100

79

0

0

0

77

92

86

0

0

0

Observedmortalitiesinthecagedmosquitoesarepre
sentedmTables6and7Inthefirsttestmortalityinmost
ofthecageslocatedintownStations12reached100
within3hoursandwastotalatalltownstationswithin20

hoursVaryinginsecticidalactivitywasnotedatStations
22 28upto114milesdownwindfromthepathofthe
foggerInthesecondtesttheapplicationwashighlyeffec
tiveonmosquitoesintheexposedcagesMortalitywas
100at20hoursatallexcept2stationswhichwereas
sumedtobeonthefringesofthetreatedareaExcellent
mortalitywasobtainedintheprotectedcagesupto350ft
fromthepathofthemachineAmarkedreductioninmor
talitywasevidentatgreaterdistances

ColusaMosquitoAbatementDistrictTheCityofColusa
population3825isadjacenttothousandsofacresofrice

Table7MortalityofcagedCulexpipiensquinquefas
eiatusfollowingachlorpyrifosnonthermalaerosolapplica
tionSeptember121972GerberTehamaCountyMos
quitoAbatementDistrict

Percentmortalityathoursposttreatment

Exposedcage Protectedcage
Station 12 20 27 37 12 20 27 37

1 100

2 100

3 100

4 92 100

5 88 100

6 100

7 70 100

8 100

9 55 82 82 100

13 100

14 100

15 93 100

Check

1 0 0

2 0 0

75 100

100

77 100

64 100

76 100

100

0 8

43 57

0 22

0 0

100

100

100

100

8 0

64 71

43 64

14 36

0 0 0 0 0 0

0 0 0 0 0 0

whichprovideaconstantsourceofCtarsalisandAfree
borniThreeapplicationsweremadeinthepopulatedarea
butonlythefirstisreporteduponindetailhereTest
conditionsandlayoutareshowninFigure7

TheapplicationwasmadeAugust291972usingtwo
identicalColusamachinesdispensingapyrethrinformula
tionpreparedbydiluting10pyrethrin50piperonyl
butoxidewithSontex75Tto3pyrethrin15piperonyl
butoxideTheapplicationwasmadeusingpassesat660ft
intervalsbytravelingonalternatestreetsTreatmentbegan
at2000hoursandwascompletedat2130hoursAtotalof
1325galofthedilutedmaterialwasapplied

Evaluationwasbyadultmosquitobioassayusingexposed
andprotectedcagesandwithCDClighttrapsbaitedwith
carbondioxideTheresultsaresummarizedinTable8The

lighttrapdatashowthatthereductionintheintownpopu
lationwasunsatisfactoryThebioassayconfirmedthatlittle
successwasachievedinkillingmosquitoesparticularlythose
intheprotectedcages

OnSeptember61972aportionofColusawastreated
withsynergizedpyrethrindilutedto5pyrethrin25
piperonylbutoxideCagedmosquitoeswereusedinthe
evaluationAt4hoursposttreatment100mortalityhad
occurredintheexposedcagesat9of14stationswith
slightlylessoverallmortalityintheprotectedcagesAtreat
mentwasmadetothesameareaonSeptember71972



Table8Lighttrapresultsandmortalityofcagedadult
Culexpipiensquinquefascialusfollowingapyrethrinnon
thermalaerosolapplicationAugust291972ColusaColusa
MosquitoAbatementDistrict

Totalfemalestrapped
1night 1night Percentmortalityat24hrs

Station pretreat posttreat exposedcageprotectedcage

1 50 6

2 notrap
3 395 330

4 287 141

5 14 3

6 40 37

7 notrap
8 123 277

9 notrap

10 47 24

11 186 102

Check

32

57

88

89

6

75

11

67

12 175 185 nocages

13 notrap 23

14 3847 3255 nocages

0

23

0

9

85

0 0

15

91

2

0 0

8 3

aMainlyCulextarsalisAnophelesfreeborniAedesmelanimon
bMayhavebeenintreated area

usingchlorpyrifosdilutedto1lbgalactiveingredientby
combiningequalvolumesofDursbanULVandthepoly
propyleneglycolP400Cagedmosquitoeswereplacedat
23testlocationsMortalitiesweregenerallygreaterinthe
exposedthanintheprotectedcagesbutanunexplained
controlmortalityobfuscatedtheresults

DISCUSSIONANDCONCLUSIONSTheexperience
gainedinconductingthesetestshasshownusthatthe
lowvolumenonthermalaerosolgeneratorcanbeauseful
toolinmosquitocontrolprogramsSeveralmosquitoabate
mentdistrictshaveconstructedunitsintheirownshops
whicharecapableofproducingahighlyeffectiveaerosol
withwhichrapidandeffectivecoverageoflargeareascanbe
achievedTestresultsalsoindicatethatitmaybepossible
toobtainpenetrationofshrubberyandotherobstaclesin
residentialareastoreachrestingmosquitoes

Applicationandevaluationproblemsencounteredware
similartothosewithotheradulticidingmethodsField
effectivenessisdifficulttoevaluateagainstotherthandiur
nalspeciesactivelyseekingbloodMeteorologicalcondi
tionsparticularlywindarecriticalMosquitoinsecticide
resistanceoverridesanyhopedforadvantagesinefficacyof
thistypeofaerosolGilliesetal1972

ReferencesCited
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Thereareseveralfactorsrelatedtononthermalaerosol
applicationsaboutwhichmoreinformationisneeded
Amajoroneisthedropletsizespectrumbeingproducedby
eachofthevariousmachinesascomparedwithayettobe
definedoptimumintheseveralsituationstobefoundin
CaliforniaItisnotyetclearwhichchemicalsformulations
andconcentrationsshouldbeselectedforeachsituationen

counteredMoreworkisneededtodeterminethebestappli
cationtimeasrelatedtometeorologicalconditionsandmos
quitoactivityPotentialenvironmentalhazardsifanyfrom
materialsappliedbythistechniquemustbeunderstoodin
ordertoanswerquestionsconcerningthepossibleeffectsof
toxicantswithinanddriftingbeyondthetargetarea
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THETHIRDERAOFMOSQUITOCONTROLINCALIFORNIAHASJUSTBEGUN

ThomasDMulhern

CaliforniaDepartmentofPublicHealth
BureauofVectorControlandSolidWasteManagement5545EastShieldsAvenueFresnoCalifornia93727

MosquitocontrolinCaliforniahaspassedthroughtwo
distincteraswhichinretrospectmightbecalledtheFirst
EraofIntegratedControlandtheMiracleInsecticide
Era ItappearsthatanewEraofComprehensiveControl
isjustbeginning

InthefirstorpreDDTeragoodworkwasdonewith
toolsandmaterialsoflimitedcapabilitySomeintegrated
controlwaspracticedwithditchingtofacilitatethefree
movementofthepredatorymosquitofishesinthesalt
marshessomeattentionwaspaidtodrainageintheuplands
andjudicioususewasmadeofoilsandParisgreenlarvicides
Becausethecostswerehighandresourceswerelimited
progresscouldbemadeonlyonlimitedfrontsbutthe
peoplereceivedprotectionfrommosquitobornediseases
notablymalariaandfromintolerablemosquitoannoyance

ThemiracleinsecticideerabeganwithDDTfollowedby
variousotherorganochlorineandorganophosphorusand
carbamateinsecticidesImmediateresultswereobtained
andtheprogramwaspopularwiththepeoplewhothere
forewerewillingtoinvestinmosquitocontrolagencies
Overaperiodofnearlyaquarterofacenturythe
localagencieshaveaccumulatedexcellentfacilitiesinclud
ingtrainedandexperiencedpersonnelgoodequipment
knowledgeoftheterrainandoftheproblemsoperational
facilitiesandfundsandknowledgeofotherapproaches
Thereforewecanbettermeetthemoredifficultproblems
aheadWemayhavebeentoopreoccupiedwithpesticides
butthenettotaleffectwhichwasobtainedcanonlybe
assessedasverygood

TheEraofComprehensiveMosquitoControlhasal
readybegunbutweareonlyinthetransitionstageLocal
agenciesareapproachingcomprehensivemosquitocontrol
whichwillinvolvenaturalisticcontrolinclusiveofbutnot
limitedtobiologicalcontrolphysicalcontrolincluding
mechanicaleliminationofbreedingplacesorsourcere
ductiontherestricteduseofchemicalpesticidesand
variousmeasuresdesignedtoinfluencelandholderstopre
ventmosquitoproductionontheirlands

Table1isagraphicpresentationoftherangeofactivities
whichmayoccupyalocalagencyengagedincomprehen
sivecontrol

Mosquitocontrolisnowmorethan70yearsoldThe
firstlargescaleeffectivepublicsupportedprogrambegan
in1901inHavanaCubaIntensiveoperationswereunder
takenwhicheffectivelycontrolledAedesaegyptithevector
ofyellowfeverresultinginpracticalcontrolofthedisease
Theprogramwasexpandedtoincludemalariacontrol
Eliminationofbreedingplaceswasfeaturedsupplemented
bytemporarytreatmentwithpetroleumoilsColWC
GorgaswhowasinchargesaidIsupposethatintheyear
afterthediscoverybytheArmyMedicalBoardthatthe
mosquitowasameansofspreadingyellowfeverwespent
100000outsideoftheroutinesanitaryworkonmosquito
exterminationOfcoursetheexpenditureof100000in
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1901inHavanawouldbeequivalenttomorethanamillion
dollarsinCaliforniain1973ColonelGorgaswentonto
reportthatinadditiontoeffectivelycontrollingyellow
fevermalariawasreducedfrom325deathsin1900toonly
39deathsin1903Headdedthattheconsolidatedreport
ofJanuary1901beforemosquitocontrolworkbegan
showed26000waterdepositsproducingmosquitolarvae
withinthecitylimitsandthesamereportforthefollowing
Januaryshowedlessthan300

SignificantfeaturesoftheworkinHavanaandthemore
extensiveprograminPanamawhichlaterclearedtheway
forconstructionofthePanamaCanalwereintensiveinitial
surveystolocatebreedingplacesfollowedbyequallyin
tensivecontinuingsurveillancetoguidecontroloperations
Thetitleintegratedcontrolhadnotbeencoinedbutthis
programintegratedeliminationofbreedingplaceswith
temporarycontrolmechanicalprotectionbyscreeningand
publiceducationTherewasastronglegalcontrolfeature
bywhichpersonswhopersistentlymaintainedmosquito
sourceswerefinedorsubjectedtootherlegalaction

TheimpactofthesuccessfulprogramsinHavanaandin
PanamawasfeltstronglyintheUnitedStatesandwithina
fewyearsmosquitocontrolprogramsbeganinCalifornia
NewYorkandNewJerseyFormanyyearsthereafterthe
CubaandPanamaprogramswerecitedasexamplestoprove
thatmosquitocontrolcouldbesuccessful

Inthefirsteraofmosquitocontroltheworkershad
mainlyoilasalarvicidesomeinformationabouttheindi
vidualmosquitospeciesbeingattackedandimaginative
approacheswhichwerenotlimitedbypreconceivedideasor
bydemonstrateddramaticreductionsobtainedthroughthe
useofhighlyeffectivechemicalsPrevioustothesesuccess
fuldemonstrationspeopleinmanypartsofthecountry
wheremosquitoeswerenumerousconsideredthecontrol
ofmosquitoesahopelesstaskItwascommonforcitizens
toremarktherehavealwaysbeenmosquitoesandthere
alwayswillbemosquitocontrolishopeless

THEFIRSTERAOFINTEGRATEDCONTROLFrom

1900to1945entomologistsengineersprogrammanagers
andfieldworkersallcontributedavastamountofinforma
tionaboutwaysandmeansofcontrollingmosquitoesand
ofeliminatingthebreedingplacesGoodprogresswasmade
butwasnotuniformandnotablesetbacksoccurredonboth
theeastcoastandthewestcoastwhereeffortstocontrol

mosquitoesweretoolimitedinareatobesuccessfulHow
everenoughsuccesswasobtainedtoencouragecommun
itiesandagencies

Outstandingreportsofstudiesappearedduringthisera
areportin1904byJohnBSmithonthemosquitoesof
NewJerseythebookbyDrWilliamBHermsandHarold
FGraywhichappearedinCaliforniain1942andthecom
pilationof57paperseditedbyDrMarkOBoydwhich
appearedin1949Thesethreeextraordinaryworksand



76

Table1Elementsofcomprehensivemosquitocontrolperformedbymosquitocontrolagencies

ABiologicalControlamajorelementofNaturalisticControl

Predatorsprincipallyfishandaquaticinsects
Parasites

Pathogens
Plantinhibitorsofmosquitoproduction

Abioticfactorsinanimatenaturalforceswhichmayaffectthemosquitoes
thebiologicalenemiesorthesources

Naturalrunoff

Percolation

Evaporation
Transpiration
Turbulencewaveactioncurrents

Alkalinity
Salinity
Acidity

Sunlight
Shade

BPhysicalControlSourceReductioneliminationormanipulationofthe
breedingplaces

Watermanagement Landpreparationandmanagement
Regulation Filling
Circulation Grading

Drainage Draining
Reuse Cropselectionandmanagement
Impoundment Weedcontrol

CChemicalControl

Ovicidesnotusuallypracticable
Larvicidessmallerareastreatedtocontrolmosquitoeswhichaffect

largerareas
Pupicidesinfrequentlyemployed
Adulticidesparticularlyusefulinemergenciesandwherelarvalresistance

tochemicalsoccurs
Repellents
WeedControl

Growthregulators
Attractants

DMechanicalBarriers

Screening
Screeningofbuildings
Useoftemporarybarriersasbednetsmosquitoproofclothing

ELandholderMotivationtoCooperation

Publicinformationandeducation

Individualpersuasionandcooperation
Legalactionandenforcement
Interagencycooperation

otherspublishedduringthepreDDTperiodhadseveral
thingsincommoneachgavefullacknowledgmenttothe
factthatnaturalenemiesandothernaturalfactorspro
videadequatecontrolinonlyalimitednumberofsitua
tionsandeachpresentedthemosquitoproblemasacom
plexcombinationofnaturalandmanmadesituationsnot
susceptibletocontrolbyasimplisticprogrambutwhich

0
a

z
a

0

shouldbeattackedbyacombinationofpreventiveand
correctivemeasuresEachproposedthatmosquitocontrol
programsemploythenaturalenemiesbymodifyingthe
environmentfromonefavorabletomosquitoproduction
toonewhichwouldfavorthenaturalenemiesandinhibit

mosquitoproductionandbyutilizingchemicalsasatem
porarysupplementtonaturalisticcontrolandsourcere



duction

Theseauthorsshowedthatthereisnofullysatisfactory
systemorpatternbywhichcontrolmeasurescanbeclassi
fiedOnearbitraryclassificationsystemattemptstoinclude
allcontrolmeasuresincategoriesentitledbiologicalcon
trolphysicalcontrol andchemicalcontrol Thisisa

convenientclassificationifoneiswillingtoacceptthefact
thatthereisconsiderableoverlapForexamplewhenone
employschemicalcontrolthemajorexpenseandeffortin
volvedoftenisthephysicalandmechanicalapplicationof
thechemicalFurthermorethechemicaliseffectivebecause
itdisruptsthebiologicallifeprocessesofthemosquito
Thustheoperationmightbecalledeitherphysicalmechan
icalbiologicalorchemicalHoweverthroughcommon
usagewehaveallcometoknowthatwhenwesaychem
icalcontrolwemeanthecontrolofmosquitoesbythe
applicationofchemicalsanduseofthetermcreatesno
barriertocommunication

Whenwerefertophysicalcontrol whichinCalifornia
isoftencalledsourcereduction themessagemaynotbe
soclearbecausesomeworkersliketoincludeinsource
reductionchemicalcontrolmeasuresbiologicalcontrol
measuresandsuchphysicalcontrolmeasuresasditching
fillingdikingetcOthersregardphysicalcontrolor
sourcereductionasbeinglimitedtothemakingofaphy
sicalchangeintheenvironmentasbyditchingwhichre
movesthewaterinwhichmosquitoesoccur

Likewisethereisconsiderableconfusionrelatingtothe
definitionofbiologicalcontrolOnegroupincludesonly
theaddingoflivingnaturalenemieswhichwillattackthe
mosquitoeitherinthelarvaloradultstagesOtherworkers
wouldliketoincludeanyoperationwhichmakesonlya
minimalchangeinthehabitatbutwhichallowsnatural
limitingfactorstofunctionmoreeffectivelyThismaymore
properlybecallednaturalisticcontrolsinceitisanexten
sionofwhatoccursinnatureandincludesbothbiological
andphysicalfactorsAnexampleofthishasbeentheevolu
tionoftheprogramwhichpreventsemergenceofmosqui
toesfromthesaltmarsheswhichareopentotidalaction
Hereditchesareinstalledtoconnectfromtheplaceswhich
holdwatertothenaturalwaterwaysnotfordrainingthe
watercompletelybuttoallowcompletecirculationofthe
tidewatersbringingmosquitoeatingfishtoallportions

THEMIRACLEPESTICIDEERAWemaypassover
thisquarterofacenturyofprogressratherlightlynotbe
causeitwasunimportantbutbecausewelivedthroughit
andarefamiliarwithitsimpressivearrayofaccomplish
mentsAnincompleteoutlineofthehighlightsofaccom
plishmentmaybepresentedasfollows

1Anextraordinarylevelofprotectionfrommosquitoes
wasprovidedfornearly25years

2In1952thespanofoneencephalitisoutbreakwasshort
enedandstepsweretakentoavertepidemicson3other
occasions

3Substantialcontributionsweremadetotheeconomic
developmentofthestate

Realtyvaluesweresafeguarded
Laborersintheoutdoorswereprotectedfromintoler
ableannoyance
Peopleusingrecreationareasreceivedprotectionfrom
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mosquitoes
Cattleinprotectedareaswereprotectedandcouldgain
moreweight

4Greatadvancesweremadeinequipmentandmethodsfor
thedispersalandutilizationofpesticidesmainlybyair
craftresultingingreaterefficacyandeconomy

5Theenvironmentformanandforotherusefulanimals

wasprovidedprotectioninatleast3ways

Primarybenefitsaccruedbypreventingpollutionofthe
airspacebypestandvectormosquitoes
Secondaryprotectionwasaccomplishedbylimitingin
secticidalapplicationstoonlythebreedingplacesin
steadofbroadcastadulticidingandbyapplyingonly
minimalselectiveamountsPersistentpesticideswere
largelyeliminatedlongbeforerequiredbylegislation
andregulations
Biologicalcontrolwassubstitutedforpesticidesinmany
situationsGambusiaaffiniswasintroducedin1922
andhasbeendistributedfromtheOregonlinetothe
Mexicanborderreducingmosquitoproductionand
servingtoaugmentthefoodchainofbassandother
sportfish
Biologicalcontrolbynativecoastalfisheshasbeenex
tendedbyditchingonthesaltmarshestoaidcirculation
ofthewateronandoffthemarsheswiththetides

THEBEGINNINGERAOFCOMPREHENSIVECON

TROLGoodprogressalreadyhasbeenmadebylocal
agenciesinassessingtheirindividualneedsandrestructuring
programsaccordinglyProblemsvaryandwithinacom
prehensivecontrolframeworkthesolutionswillbeequal
lyvariable

Animpressivearmamentariumoftechnologyisavailable
Theproblemisamatterofwhichtechnologytointegrate
intoaprogramweldingintoonewholevariouselementsof
biologicalcontrolphysicalcontrolandchemicalcontrolto
formonepracticalfunctionalunit

Technologieswhichmaybeappliedinclude

ASurveyAresurveyoftheproblemsandacensusofthe
breedingareas

BBiologicalcontrolMosquitocontrolagenciesareintune
withtheenvironmentandarequiteawarethatbeneficial
naturalcontrolforcesareconstantlyfunctioningbut
usuallyrequiremanipulationiftheyaretobeeffective

Examplesinclude

1Inresidentialareasgardenpoolsmustbekeptfreeof
excessivevegetationiffisharetobeeffective

2Inagriculturalareasreservoirsandditchesmusthave
cleanbanksandbefreeofaquaticweedsfishmustbe
addedinpumpandsumprecirculationsystems

3Theindustrialmosquitosourcessuchaslogpondshave
beenkeptmosquitofreebymanagementwhichprevents
excessivepollutioncolddeckingoflogsinsteadoffloat
ingsothatfishcanfunction

4Naturalsourcessaltmarshesarekeptmosquitofreeby
ditchingtocirculatetidewaterbringinginnativefish
orbyimpoundingsothatsaltisreducedandmosquito
fishGambusiacanfunction



78

Naturalenemiesusuallyfunctiontogethertherefore
wherefishandpredaceousinsectsoccurtogethertheymust
becompatibleinnumbersandbehavior

Beyondthepredatorsaretheparasitesandthepatho
gens currentresearchisnowilluminingtheparttheyplay
Alsothemanipulationofgeneticsappearstoofferconsider
ablepromise

CPhysicalcontrol

1Eliminationofstandingwaterbyfillinggradingditch
ingandpumpingoffersausefulsimplisticapproachin
somesituationsbutwillnotprovideasatisfactorysolu
tiontothemorecomplexproblemswherewatermustbe
retainedonthelandforagriculturewildlifeorother
uses

2Wherewatermustbeconserveddesigncanbeincorpor
atedintheimpoundmentsandinthewaterconveyance
systemswhichwillminimizemosquitoproduction

3Groundwaterrechargebasinsareaspecialtypeofim
poundmentsubjecttowellknownstandardsformos
quitocontrol

4Wherehabitatsformarshwildlifearemaintainedmos

quitocontrolbecomesmuchmorecomplexdemanding
properlandlayoutandpreparationwatermanagement
ofthehighestprecisionbiologicalcontrolandinsome

5

casesthejudicioususeofselectivepesticidesEachsitua
tionisindividualrequiringsurveillanceandjointaction
bywildlifemanagementandmosquitocontrolspecialists

Irrigatedagriculturecontinuestobethemostextensive
sourceofmosquitoproblemsThemosquitoesofirriga
tionwaterhabitatshavearapidlifecycleanddevelopin
hugenumberswhereirrigationresultsinwaterstanding
onthesoillongenoughtoallowthedevelopmentand
emergenceofmosquitoesUltimatelythisproblemmust
bemetbythelandholderswhocontroltheirrigation
waterandwhothereforehavelegalresponsibilitytoavoid
thecreationofapublicnuisance

6Thepublicmosquitocontrolagencyevidentlymustac
ceptamoredynamicroleinexpandedsurveillanceto
keepconstantlyinformedofthestatusofmosquito
sourcesitmustdeterminewhysourcesexistwherethey
doandwhoisresponsibleitmustinformtheresponsible
landholdersandhelpthemtofindwaystoattaintheir
landuseobjectiveswithoutcreatingamosquitonuisance
itmustfindwaystoobtaintheactivecooperationofall
otheragenciesandgroupswhohaveavestedinterestin
thelandorwaterwheretheproblemsdevelopandit
mustcontinuetoseekothermoreeffectiveandeconomi
calsolutionstothedevelopingproblemswhichforthe
futureappeartobealmostinsurmountable



PASTPRESENTANDPREDICTABLEFUTUREOFAIRCRAFTIN

MOSQUITOCONTROL

MrMulhernhasproposedthatthispanelreviewthe
historyofmosquitocontroltogleanfromthepastwhatwe
mayuseinthefuturePanelmembersrepresentmanyyears
ofmosquitocontrolexperienceabout110yearsToputit
anotherwaywithduerespecttomycolleagueswearea
groupofoldtimersMostofushavebeenbattlingthemos
quitofor25yearsandwewillbesteppingasidewithina
fewyearsThisperiodmaybecomerecognizedinhistoryas
theeraofchemicalcontrol

DDTthenknownasthemiracleinsecticide became

availablein1946Priortothattimemosquitocontrolin
Californiawaslimitedmainlytosourcereductionbiological
controlthroughtheuseofGambusiaandchemicalcontrol
withoillarvicidesNoneofthesemeasuresweretoohighly
developednorcompletelyeffective

Comparedtothesophisticatedprogramsofthepresent
thescopeofmosquitocontrolwasquitelimitedTherewere
about18to20districtsinmostinstancesprovidingmos
quitocontrolinandaboutthecitiesorurbanareasMost
districtsrangedinsizefrom12to40squaremilesWith
limitedresourcesandammunitionwithwhichtodobattle
somecontrolwasachievedbutalltoooftenitseffectwas
negatedbymosquitoesmigratingintothesmallareasunder
control

TherewerenofloodcontroldamsontheKernRiverin

1946andonecouldcountonextensiveannualfloodingof
overflowlandsfromeastofBakersfieldto20mileswest

DippingattheedgeofthefloodareayieldedAedeslarvae
numberingabout500perdipItwasapparentthatthe
groundequipmentcontrolmeasurestheninusewerenot
goingtogetthejobdoneWewerealsoconfrontedwith
anothermosquitosourceofequalmagnitude theannual

floodingofthousandsofacresofunlevelednativepasture
landsscatteredthroughamajorportionofthedistrictIt
appearedthattheonlypossiblesolutiontothesetwoprob
lemswoulddemandtheuseofaircraft

Duringthespringmonthswenibbledawayatcontrol
overacreagewecouldreachwithgroundequipmentThe
jobwasofsuchmagnitudeoureffortswereoflittlevalue
incontrollingthepopulationsofemergingAedesInsurvey
ingthepossibilityofusingaircrafttocontrolthelargeacre
agesIwenttothelocalagriculturalaircraftoperatorsin
cludingabranchofAtwoodCropDustersthenthelargest
inthestateIwantedtoknowiftheycouldsuccessfully
sprayasolutionofDDTbyairovertheareasofmosquito
productionAircraftoperationsinCaliforniawerelimitedto
theapplicationofdustsandtherewerenoaircraftavailable
forsprayingliquidsWhenIaskedaboutinstallingaliquid
spraysystemonatleastoneplanetheresponsewassur
prisingThemanageroftheoperationwantedtoknow
Whatwouldhavetobedone Isuggestedthatasystem
wouldprobablyconsistofatanktoholdthespraymaterial
apumpandaboomwithspraynozzlesattached

ArthurFGeib

KernMosquitoAbatementDistrict
PostOfficeBox1271BakersfieldCalifornia93302
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Againtheresponsewasdisappointingtheywouldonly
attemptsuchanovelideaifIcouldguaranteethatitwould
workThatwasimpossibleasIdidntknowitwouldbe
successfulFacedwithanimpasseonaerialsprayingwe
hiredacommercialoperatorat100anacretoapplyDDT
dustAstandarddustformulationwasappliedatabout2
lbsperacreuntilwecouldobtainasuitablewettablepow
derformulationforsubsequentuse

Resultswereencouragingandreinforcedmyconviction
thatliquidspraysshouldbetriedDiligentsearchforsome
systemofsprayequipmentsuitableforuseonanairplane
continuedtobefrustratinguntilshortlybeforetheseason
endedwefoundwhatwewerelookingforApilotin
Reedlyhadacrudespraysystemalreadyinstalledona
planeTheowneroperatorofamachineshoptherehad
assembledaliquidspraysystemandwastryingtogetthe
commercialoperatorsinterestedinaerialspraying

Wehiredtheplaneandpilotforthelastfewweeksof
the1946seasonResultsweresogratifyingthatadecision
wasmadetopurchaseandoperateourownaircraftDuring
thewinterof1946twomilitarysurplusStearmanswere
purchasedandequippedforsprayoperationsThespray
equipmentinstalledconsistedoftankwinddrivenpump
andspraynozzlesonaboomAfterseveralyearsoftrying
pumpsandnozzleswesettledontheuseofwinddriven
gearpumpsusingnozzleswithnumber1discsandasmany
as40nozzlesontheboom

Atfirstoilsolutionswereappliedatarateof2gallons
peracreExtensivefieldtestingsubsequentlyshowedthat
aqueoussolutionswereasgoodorbetterthantheoilsolu
tionsWethenswitchedoperationallytotheaqueousform
ulationsandgraduallyreducedthevolumeappliedtor
gallonperacreandconcurrentlyincreasedthesizeof
nozzleorificestonumber4

Duringthelate40sandearly50sagriculturalaircraft
operatorsandothermosquitocontrolagenciesbegan
developingandusingaerialsprayequipmentUsingaircraft
forsprayingoftheneworganicpesticideswesucceededin
attainingalevelofmosquitosuppressionwhichpreviously
hadnotbeenpossibleTheattackwasprimarilyagainst
larvaebutadultsinthefieldstreatedwerekilledalso

Newdistrictswereformedandoldonesexpandedinsize
Thesefactorscontributedtomoreeffectivemosquitocon
trolandmoreextensiveuseofaircraftBythe1960sair
craftformosquitocontrolhadbecomesocommonplace
thatlittlethoughtwasgiventotheeffectivenessofaircraft
Theirusehasprovidedcapabilitytodothemostef
fectiveandeconomicaljobpossibleAttheperiodof
maximumuse13localmosquitocontrolagencieswere
operating24fixedwingandrotarywingaircraftand
10agencieswerecontractingforadditionalcommer
cialplanesAcreagestreatedannuallyamountedtoabout
1500000acreswithabout90treatedwith district
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equipmentand10undercontractThedevelopment
anduseofULVsprayequipmentmadeaircraftspraying
evenmoreeffectiveandefficient

Resistancetoinsecticidecoupledwithincreasingrestric
tionsupontheuseofaircraftandsprayshasresultedina
significantdecreaseintheuseofaircraftformosquitocon
trolinCaliforniaduringthepastyearortwoWecanex
pecttoseethistrendcontinueforthenextfewyearsbut
intimeIbelievethetrendwillreverseasresearchanddevel

opmentnowunderwayproducesmoreeffectiveoils
newertoxicantsandbiologicalagentswhichwill again
enableustoprovideadesirablelevelofmosquitocontrol

Theairplanecanbeexpectedtoremainthemosteffective
andefficientpieceofequipmentfortheapplicationofsuch
controlagents

Rotaryandfixedwingaircraftforaerialinspectionand
photographyhaveprovedinvaluableinfloodyearsIn1969
rapidinspectionofvastfloodedacreagesviahelicopterpro
videddistrictswithuptodateinformationonwhichtoact
provingthevalueofrotarywingaircraftindisastersitua
tionsWithgreateremphasisonsourcereductionaerial
surveysandphotographicdocumentationoftheneedfor
measureshavebeenusefulinconvincinglandholdersofthe
needtocorrectproblemareas

EVOLVINGECOLOGICALAWARENESSASABASISFORMEETINGTHEMORE

DIFFICULTPROBLEMSOFTHEFUTURE

Formanyyearsecologywasarequiredcourseforany
collegestudentmajoringinbiologyVeryoftenthecourse
wasdryanduninterestingandfollowedadictionarydefini
tionEcology dealingwiththemutualrelationsbe
tweenorganismsandtheirenvironment

Inrecentyearswiththedevelopmentofthefaddist
typeofecologist thetermhasaboutasmanydefinitions
astherearepeoplethatuseitToagreatmajorityofthese
individualsitmeansthemaintenanceofanabsoluteand

unchangingconditioncallednaturalbalance
Iprefertodefineecologyasthedynamicinteractionof

allnaturalsystemsorganicandinorganiclivinganddead

Iwouldemphasizetheworddynamicsinceallthingson
earth whetherbiologicorgeologic areinaconstant

stateofevolutionandchangeItwouldbeaprettydull
placeinwhichtoliveifthiswerenotso

Allorganismsusetheecologicalsystemfortheirown
sustenancewhetheritbethesimpleabsorptionofinorganic
matterfromthesoilandairorfeedingonotherorganisms

Natureisalsoanorganizerstartingwiththecomplicated
chemicalsystemsandsimplesinglecelledorganismsto
whichlifehasbeengivenandevolvingthemintocomplex
systemsofspecializedcellswhichwecallhigherplantsand
animals

ManylivingorganismsarealsoorganizersTheseorgan
izationsrangefromthehoneybeesandtermitesto
grouplivinghigheranimalsorcomplexessuchasour
humansocietyAllleadtothesameendresult the

benefitandprotectionofthegroup
Mansspecialplaceintheschemeofnatureisduetohis

increasingcapacitytoreasonandinventUnfortunatelyit
seemsthathisabilitytoprotecthimselffromadversitiesin
hisenvironmentandtoinventtoolsforhisexistencepro
tectionandconvenienceseemtohaveoutstrippedhisability
toreasontheconsequenceofhisinventivegenius

GordonFSmith

EastsideMosquitoAbatementDistrict
PostOfficeBox1725ModestoCalifornia95354

Atonetimemanwasahuntergathererwitha
simplefamilyorpacksocietyandhadlittlemoreimpacton
theenvironmentthananyotheromnivorousanimalMos
quitocontrolconsistedofslappingandbrushingmotions
Thenhelearnedtomakefireandfoundthatifhethrew
greenvegetationonthefiretomakemoresmokethis
helpedprotecthimfromthelittlepests

Eventuallyhediscoveredthatthosebitingthingsdevelop
edfromlittlewigglersandtumblersinthewaterand
alsolearnedthatcertaindiseasesweretransmittedby
mosquitoeswhichchangedthemfromasimplepesttoa
publichealthmenace

Aboutthesametimemanfoundoutthathecouldgrow
foodandfibermoreefficientlyifheirrigateditThishad
theeffectofgrowingmosquitoesmoreefficientlytoo

Asmosquitocontrolevolvedmanlearnedthathecould
plantGambusiaaffinisinmosquitosourcesandtheywould
eatthelarvaeandpupaebiologicalcontrolwasbornMan
alsofoundthatifheputoilorotherchemicalsonorin
wateroronadultshecouldkillmosquitoeseasierThen
thegreatchemicalrevolutionwason

PublicHealthbecamePublicHealthandComfortThe

peopledemandedmoreandmorecomfortandthefastest
andeasiestwaytoprovideitwasthroughchemicalcontrol
Thepublicagenciesformedtoprotectthepeoplefrom
mosquitoeswereunderthegunOfcoursebiologicaland
mechanicalcontrolsuchasdrainagewerenotdiscontinued
buttheywereputonthebackshelfbecauseresultswere
slowerandnotasspectacular

EvolutioncontinuedtomarchonCamethetimeof

ecologicalawarenessitwasfoundthat

1Insecticidalchemicalshadundesirablesideeffectsand

wereoftenmisused

2Drainingnaturalwetlandshadundesirablesideeffectson



desirableanimals

3Drainagefromagriculturallandpollutednaturalwaters
andthatwasundesirable

4Mosquitoescoulddeveloparesistancetoinsecticides
fasterthannewoneswerebeingdeveloped

5OuroldfriendsGambusiaaffiniswerebelievedtobe
damagingtosomenaturalinhabitantsofwatersinto
whichtheywereintroducedandthatwasnotdesirable

Grantedthatwesawmuchofthisproblemdeveloping

Grantedthatwehavebeentryingforyearstoobtain
fundsforincreasedresearch

Grantedthatwehaveincreasedoureffortstoeducate

thepublicastotheirresponsibilityinmosquitopreven
tion

Grantedthatwehavetriedtoincreasesourcereduction

operationsinonewayoranother

Grantedwehaverecognizedthatoureffortsdohavean
impactontheenvironment

Grantedthatmuchofthehysteriaoverecologyiscalm
ingdownandthatmorerationalattitudesarebeingexpress
ed neverthelessecologyisheretostayIthashadan
impactonorganizedmosquitocontrolandwillcontinue
todoso

Thegreatestimpactonmosquitocontrolsofarhasbeen
inslowingdownthedevelopmentofnewinsecticidesThis
hasbeenfeltespeciallybecauseofourexcessivedependence
onchemicalcontrol

MosquitocontrolworkersinCaliforniahavealways
attemptedtoselectinsecticidescarefullyandtousethem
withasmuchprecisionaspossibleThiseffortwillneedto
bestrengthenedandencouragementgiventothedevelop
mentofevenmorespecificinsecticidesTheinsectdevelop
mentinhibitorsshowpromise

DependenceoninsecticidesmustbereducedNewerand
morespecificmaterialswillbemoreexpensiveandreduced
usewilldecreasethepressurewhichleadstothedevelop
mentofresistance

Theeffectsofenvironmentalrequirementsonsourcere
ductionactivitieshavenotyetbeenmuchfeltbutIpre
dictthattheywillbeAlreadyithasbeensaidthatexcess
orwasteagriculturalwaterswillhavetoberetainedonthe
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propertyHowthiswillbereflectedingroundwaterpollu
tionIdontknowIthinkmoretailwaterreturnsystems
areintheoffinginplaceofofffarmdrainageDrainage
intocanalsystemsforreusedownstreammayalsobecome
moreprevalent

Requirementssettoreducewaterpollutioncouldhave
theeffectofforcingareductioninwaterusageThiswould
beadvantageoustomosquitocontrolandshouldbeen
couraged

TheAssociationanditsmembersshouldbemoreactive

inkeepingtheirneedsandproblemsbeforethewaterquality
controlauthoritiesastheyareconsideringthedisposalof
agriculturaleffluentsMosquitocontrolcouldbeeither
helpedorhurtbyrequirementspromulgatedforwater
qualitycontrol

Researchinnaturalisticcontrolshouldbeincreased

whereverandwheneverpossibleDevelopmentsinthisarea
areofthegreatestimportance especiallyinthecontrolof
mosquitoesbeingproducedinintermittentwatersForthe
shortrun1believetheywillbemoreefficientHowever
peoplemayhavetolivewithafewmoremosquitoes

Waterusersmustbemadetoacceptthefactthatthey
areresponsibleformosquitoproductionAsthepressures
oftheenvironmentalprotectionmovementincreaseand
theywillthesuccessofmosquitocontrolwilldependmore
andmoreonchangingthewaterwastinghabitsofpeople

Iforeseetheultimateintegrationofmosquitocontrol
throughchemicalnaturalisticsourcereductionandpublic
educationmeasuresEachofthesetechniquesshouldmodify
theotherstoformamorecohesiveandeffectivewhole

Finallytheconcernsforabetterenvironmentarehere
tostayTheywillprobablyleadtoaggravationinmore
formsandreportstomakeoutTheymustbekeptinmind
andallowedforasprogramschangeinthefutureandthey
mayberesponsibleforsomeprogrammodificationsCon
cernsfortheenvironmentcanbeahelpaswellasa
hinderanceinmosquitocontrolandmustbekeptinmind
Advantageshouldbetakenoftheenvironmentalprotection
programswheretheycanbeofassistance

Aboveallmosquitocontrolprogramsmustbeasflexible
aspossibletobenefitfromnewtechnologyandtoadapt
tothecontinuingevolutionofthehumansocietywhichwill
undoubtedlybringpressuresanddemandswhichcannot
nowbeforeseen



ACHANGINGEMPHASISOFMOSQUITOCONTROLINCALIFORNIA

SURVEYPLANNINGPERSUASIONNEGOTIATION
COOPERATIONANDLEGALACTION

Themanagementofallmosquitocontrolprogramsin
Californiahasusedandisusingthebasicapproachesneeded
toaccomplishtheeconomiccontrolofmosquitobreeding

Thesebasicapproachesaslistedbythetitleformypart
ofthispanelaresurveyplanningpersuasionnegotiation
cooperationandlegalactionThedegreeofemphasisbyany
oneofthesesixbasicapproachesmayvaryfromonepro
gramtothenextdependingontheparticularobjectivesof
eachprogramaswellasonthetypeofcommunityinvolvzd

whetheragriculturalindustrialurbanrecreationalora
combinationofeachtype

Thefutureemphasisonthecontrolofmosquitobreeding
willhavetobeintensifiedandwillhavetoincludeallsix
ofthebasicapproachesInadditiontheconventionalmeth
odsofexecutingthesesixbasicapproacheswillhaveto
becomemoresophisticatedandmorecomplicatedandmore
timeconsuming

Bytheconventionalmethod1meanthedirectapproach
bymanagementtothepersoncorporationorpublicagency
directlyresponsibleforthepreventionabatementorcon
trolofamosquitobreedingnuisanceThisdirectcontact
byonlytwoconcernedpartiesthepropertyownerandthe
districtpermitsasimpleandquicksolutiontotheproblem

Theneedforachangeinemphasisisalreadyinthemak
ingbythepublicsdemandfortheprotectionpreservation
anddevelopmentofourdwindlingnaturalresourcesThe
publicsdecisiontoregulatetheuseofthesenaturalre
sourceswasrecordedbythepassageoftheCaliforniaCoast
LineConservationInitiativebetterknownasProposition
20TheorganizationofthesixRegionalCoastLineConser
vationCommissionsandtheStateConservationCommission

iscurrentlyunderwayTherecentCaliforniaSupreme
CourtrulingintheFriendsofMammothDecisionhas
alreadyunleashedafloodofEnvironmentalImpactState
mentsEISinconformancewiththeCaliforniaEnviron
mentalQualityActof1970Thesestatementsarerequired
formajornewconstructionincludingdrainagesystemsand
floodchannelswaterconservationandspreadingprojects
housingdevelopmentsrecreationalareasandothersimilar
projectswhichcreateeitherdirectlyorindirectlymos
quitoproblems

Themanagementofamosquitocontrolprogramwill
havetoexpandtheconventionalconceptofsurveyfrom
thatofphysicallylocatingnewlycreatedbreedingsources
tothatoflocatingandappraisingpotentialbreedingsources
thatmaybecreatedbyaproposedprojectordevelop
ment

Thetimeandplaceforeffectiveplanningpersuasion
andnegotiationswillhavetobechangedfromourdirect
contactwiththepropertyowneraftertheproblemhasbeen
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createdtothehearingroomsofplanningcommissionsand
otherregulativebodiespriortothefinaldesignandapproval
oftheproposedprojectordevelopment

Althoughcooperationwiththepropertyownerorpublic
agencyhastraditionallybeenthecardinalapproachbymos
quitocontrolmanagementfuturesolutionstomosquito
breedingproblemswillrequireevenmoreexactingcoopera
tionbythedistricteventotheextentofdiscontinuing
effectiveandeconomicalphysicalmethodsandimplement
ingnaturalisticandbiologicalmethodsrequiringahigher
degreeoftechnicalsupervisionandmaintenanceThistype
ofsituationhasalreadyoccurredinOrangeCountywiththe
abandonmentoftheproposeddesignforaconventional
concretelinedfloodchannelinanarrowrightofwayand
theadoptionofanaturaldrainwayinawideundisturb
ednaturalrightofway

Thepublicdemandforprotectingpreservinganddevel
opingecologicalareasforfishandwildlifeisalreadyreflect
edincurrentandplannedprojectsforgreenbeltsopen
spacenationalparksrecreationallakesandwaterways
Thepublicawarenessoftheenvironmentanditsdemand
forecologicalareasareablessingindisguiseformosquito
controlprogramsthroughoutCaliforniaThecontrolof
mosquitobreedingrequirestheawarenesscooperationand
supportbythegeneralpublicPublicsupporthasalways
beenstronglyevidentinthepastandcanbeanticipated
inthefuturesincethepolicyofmosquitocontrolin
Californiaiscomplementarywiththatoftheenvironmental
conservationistThismosquitocontrolpolicyreferredto
ascomprehensivemosquitocontrolhasbeendefined
byThomasDMulhernintheopeningparagraphofhis
articleAnApproachtoComprehensiveMosquitoCon
trolaspublishedinCaliforniaVectorViewsVol19
No9September19721believeitisappropriatetoreview
MrMulhernsdefinitionatthistime

Comprehensivemosquitocontrolmaybedefinedas
scientificallyplannedcontinuingcarefullyexecutedpro
gramsaimedatinsuringtheeffectivecontrolofmosquitoes
ofallspecieswhichmaybringdiseaseorharassmenttoman
anddomesticanimalsWithinthisconceptalloftheknown
technologyistobeappliedwhenappropriatebutpreven
tivemeasuresaretobeemphasizedprincipallynaturalistic
controlandsourcereductionAfundamentalelementof

thisphilosophyisthatchemicallarvicidingandadulti
cidingaretobeconsideredinterimmeasurestobeused
onlyuntilbasicandpermanentcontrolisachievedorwhere
problemsofsmallmagnitudeoccursoinfrequentlythat
environmentalmanagementisnotjustifiedorwherethe
dangerofepidemicdiseasedemandsimmediateaction
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ThechangingemphasisofmosquitocontrolinCalifornia
placesadditionalrequirementsformanpowerandtechnical
skillsonmosquitocontrolmanagementAsenvironmental
regulationsareimplementedandasdemandsforecological
conservationareasincreasewithurbanizationpresentday
managementstaffswillnotbeabletoadequatelysurvey
potentialmosquitobreedingsourcesortoeffectpreventive
controlmeasuresbyplanningandpersuasionandne
gotiationwiththoseagenciesandcommissionsresponsible
forestablishingstandardsandforapprovingnewprojects
anddevelopmentsInadditionthecontrolcfmosquito

breedingundertheseenvironmentalconditionswillnotonly
bemoretimeconsumingbutwillrequireahigherdegreeof
technicalskillandprecisionthanthatpresentlyrequired

ItismyconclusionthateachBoardofTrusteesshould
appraisetheimpactofthischangingemphasisofmosquito
controlwithinitsdistrictandanticipatethetimewhenaddi
tionalmanpowerneedsandtechnicalskillswillberequired
Withthecurrentpublicsupportforenvironmentalprotec
tionpreservationanddevelopmentapreventivemosquito
controlprogramcanhelpmeettheobjectivesofthedistrict
atthemosteconomicalcost



ADVANCINGMOSQUITOCONTROLINDIFFICULTTIMES

Atrusteeofamosquitoabatementdistrictisuniquein
thatherepresentsthepublicaswellasthelandownerThe
emphasisnowbeingplacedonenforcementoflawbysome
districtsasameansofabatementissomehowinmyminda
solutionoflastresortOurroleshouldbeoneoffostering
andaidingcooperationnotjustcooperationbetweenthe
boardandthemanagerbutcooperationbetweenthepub
licthelandownerandthedistrict

Educationisundoubtedlythebesttoolthatwecanuse
andyouhaveallbeendelugedwithmethodsandmeansof
accomplishingthesethingsInyoureffortsateducation
howeveryouaregivenapriorityinthemindsofthepublic
ThatpriorityisestablishedbythesurroundingsWhenan
individualisbeingplaguedbyrnosquitoesyoumayhave
hisfirstpriorityatthatmomentbutintheoffseason
now wheredoyoustand

Thesocalledenvironmentalisthascausedarevolution
tooccurandyouand1areonlyasmallpartofthatresolu
tionAirpollutionwaterpollutionandland usearethe

broadspectruminwhichheworksLetslookatsomeof
theresults

Inordertoattaintheairpollutionstandardsnowset
youbuyanewcarwithpollutionabatementequipment
thatreducesmileageperformanceandjustplaindriveability
ofthecarYetthepeopleinchargesaythatinorderto
meetthecleanairstandardssetintheStateofCalifornia
wewillneedtoremove86ofthecarsfromtheroad
withinthetimespanofthenextfiveyears

TheCaliforniaWaterQualityControlBoardhasset
standardsforthesanitationdistrictsthattheChairmanof
theCWQCBoardWinAdamsstatedflatlyherealizesare
impossibletomeetHestatedinanaddressmadeonSep
tember131972thattheindustryandWaterPollution
ControlAgencyshouldacceptabadlawinexchangeforthe
promiseofbenevolentadministrationCostintheCounty
ofLosAngelesaloneforcapitalexpenditureswillbe470
milliondollarsinfiveyearswithanannualupkeepofsome
thinglike35millionin1972dollars

Landuseandotherenvironmentalconsiderationshave
broughtonanenergycrisisnationwideIntheareaserved
bytheSouthernCaliforniaGasCompanyinDecember
1972therewere11dayswhengaswascompletelyshutoff
forallindustryandelectricpowergeneratorsoninterrupt
ableserviceFor20daysofthe31daysinDecember1972
therewasapartialshutoffOfthe1907manufacturers
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usingpropanesome30wereinrealtroubleandcurtailed
orshutdownproductioncompletelyandsentemployees
homewithunemploymentinsurancetheironlyincomeI
canfindnoonewhowilltellmethenumberofemployees
outofworkforthiscausebutletmeassureyouthenum
berisgoingtoincrease

Whenpeopletellyoutoincreaseyourpublicrelations
budgetandgetyourprogramacrosstonotonlythepublic
butyourlegislatorscongressmenandsenatorsyourecom
petingagainstmorethanjusttheapathyoftheboob
tube Yourecompetingagainsttheworstandthebest
Theworstisthepersonwhosaysdontbothermewith
thefactsIvealreadymadeupmymindandthebestis
theonewholooksatyourproblemandtriestofititinto
theperspectiveofthecomplicatedstructureinwhichwe
haveenslavedourselves

Anothermatterthathasdevelopedsincethechargegiven
totheCommitteeoftheFuturehasbeentherecent

DreamofGovernorReagan GovernorReaganhastrans
latedhisdreamintoactionbyappointingLieutenant
GovernorReineckeinchargeofataskforcetostreamline
localgovernmentHischargetothetaskforceistodeter
minewaysandmeansofreducingthetaxburdenoflocal
taxpayersbyeliminationofinefficientlocalgovernments
andparticularlytoeliminateorreducethesocalledmulti
plicityofspecialdistrictsThetaskforcehasassigned
thejoboffactgatheringtotheCouncilonInter
governmentalRelationsThisCouncilhashadhearingsand
hasgatheredinformationfromthecountiesthroughthe
SupervisorsAssociationsthecitiesthroughtheLeagueof
CaliforniaCitiesandfromspecialdistrictsthroughtheof
ficesoftheCaliforniaSpecialDistrictsAssociation

Itappearstomethatthesevariousspecialinterests
regionalgovernmentadherentsmayhavepreconceived
notionsthatmosquitoabatementdistrictsotherdistricts
andmanycitiesarenogoodthattheydonotperform
legitimatefunctionsandshouldgoregardlessofthefacts
Itwouldappeartomethatalltrusteesofmosquitoand
pestabatementdistrictsshouldmakeittheirbusinessto
lookintothissubjectandthenmaketheirvoicesheard

AllIcansayatthispointisGoodLuckandVAYA
CONDIOS



AUNIFYINGFRAMEWORKFORMOSQUITOCONTROL

Probablyoneofthemoststartlingdiscoveriesweall
makeoncewehavebeeninmosquitocontrolforawhileis
thetremendousbreadthofhefieldOnemomentweneed

tobeanengineerthenextminuteanadministratorpublic
relationsmanorentomologistItmakesforinteresting
workbutitdoescreateatleastoneproblemwemustde
penduponadiversityofdisciplinestoprovideuswith
guidelinesforouractivitiesThepitfallisthatadiscipline
beitengineeringbiologychemistryormanagement
sciencehasfactstheoriesapproachesandlanguagesthat
arespecificallyapplicabletoitsownparticularfieldItcan
beveryfrustratingtoattempttodevelopacohesivemos
quitocontrolprogramwhileborrowingfromthesespecial
izeddisciplines

Thesystemsapproachappearstohavesomepromise
inovercomingtheaboveproblemsFrankSteadintroduced
thesubjecttomosquitocontrolin1966atoneofourCali
forniaMosquitoControlAssociationConferencesItoffers
hopeofprovidingacommonperspectiveandaninterdis
ciplinarylanguagewithwhichwecanapproachourmos
quitocontrolactivitiesAselectedbibliographyfollows
whichIhopemaybeofsamevaluetothosewishingto
furtherpursuethesubject
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Since1956andinconjunctionwiththecontrolactivi
tiestheSouthSaltLakeCountyMosquitoAbatementDis
tricthasbeenconductingresearchonlarvalpopulationsand
theirecologyAsapartofthisprogramwhenaninspector
findsapositivesourceorpoolonewithmosquitolarvae
presentinadditiontosuchdataasnumberperdiptem
peratureofthewatersizeanddepthofthepooletche
collectsavialofrepresentativelarvaewithaparticular
efforttogetasampleofallspeciespresentThesesample
vialsarebroughtintothelaboratoryandthespeciesidenti
fiedandrecordedTherearefivemajorspecies4edesdor
salisCulextarsalisCulisetainornataCulexpipiensand
AedesvexansOnly1ofthepositivesourcesarewithout
oneormoreofthesespecies

Oneoftheinterestsoftheresearchandcontrolprograms
isrelatedtothequestionsofwhenandwhytheseseveral
larvalspeciesoccurtogetherandtodevelopsomemeasure
ofthedegreesofassociationorlackthereof

EarlierweGrahamandBradley1962foundthatapar
ticularspeciesincreasedinabundancewhenitwasableto
occupyalarvalhabitatwithoutotherspeciesbeingpresent
Overaperiodofyearstherehasbeenconsiderablefluctua
tionintheabilityofspeciestooccupylarvalhabitatsalone
andalsoconsiderablefluctuationinthedegreeofassociation
betweenspeciesinthelarvalhabitat

EarlyintheseasonAprilandMaypositivelarvalhabi
tatsareusuallyrelativelyfewandmostcontain1dorsalis
CinornataisalsowellrepresentedDuringJuneJulyand
AugustpositivelarvalhabitatsbecomemorenumerousC
tarsalisCpipiensand1iexansappearwithhighfre
quencyalongwiththetwoearlyspeciesAllofthefive
majorspecieswerefoundonsomeoccasionswitheachof
theotherfourNoneofourspeciesisubiquitousduring
thisperiodItisduringthistimeofgreatestlarvalproduc
tionthatameasureofassociationisveryusefulandmean
ingful

Beforeproceedingwiththediscussionofourmeasureof
associationwedefinethefollowingsymbols

1 N totalnumberofpositivesourcespoolsforthe
timeperiodofconsideration

2 N numberofpoolswithlarvalspeciesx
N numberofpoolswithbothlarvalspeciesx
and y

4 P Nxtheproportionofpoolswithlarvalspecies
N

xthesimpleprobabilityofx

3

THEKCOEFFICIENT AMEASUREOFASSOCIATIONBETWEENMOSQUITO
LARVALSPECIESINBREEDINGSOURCES

IverEBradley landJayEGraham

UniversityofUtahSaltLakeCityUtah84103
2SouthSaltLakeCountyMosquitoAbatementDistrictPost

OfficeBox307MidvaleUtah84047
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5 P Nx theproportionofpoolswithbothlarval

N

speciesxandythejointprobabilityofxandy

6 Q Pthesimpleprobabilityofnotx

ItisrarethatPandsofarithasalwaysbeenthe
casethatPThenormalrangeforPisbetween010
and045andwehavenocaseswhereP P

Certainpropertiesofameasureofassociationarede
sirable

1Ifthepositivesourcesoftwospecieswereindependent
ofeachotherthismeasureshouldbezeroStatisticalin
dependenceisdefinedmathematicallyintheusualway
twospeciesaresaidtobeindependentintheirchoiceof

larvalsourcesifandonlyifP PTwolarval
speciesareindependentiftheproportionofpoolscon
tainingspeciesxinthesubsetofpoolsshowingspecies
yisthesameastheproportionofpoolscontainingxto
thetotalityofpools

2Ifthetwospecieshaveatendencytowardsdissociation
themeasureshouldbenegativeTheextremecaseof
thisnegativedependencewouldbethatwherenopool
containsbothspeciesiethesourceswouldbemutually
exclusiveForthisextremecasewewouldlikethemea
suretobe100

3Iftwolarvalspeciestendtooccurinthesamepoolsthe
measureshouldbepositiveTheextremepositivede
pendencecouldoccurifthebreedingspotsofonespecies

ywereasubsetofthoseofanotherspeciesxieP
P Inthiscasewewouldlikethemeasuretobe100

4aItwouldalsobedesirabletoknowsomethingaboutthe
distributionofthismeasureUsingKasasymbolfor
thismeasureweshouldbeabletotestthenullhypoth
esisHK 0againstthealternativeHK O

4bBeyondthisweshouldbeabletotestforsignificant
differencesbetweentwogivenKvalues

Aftergivingcarefulconsiderationtoseveralmeasuresof
associationthathavebeenusedbybiologistsreviewedby
Southwood1968Wilhm1972andotherswedecidedto
usethefollowing

1 K Pxy 1 P

P
2 K CPX I X if PP andPP

PxPy 1Qx
Seetechnicalappendixfortherelationshipsthatexistbe
tweenKandthecoefficientoflinearcorrelationandthe

traditionalx2by2contingencytest

PXPy



P

184 139

332 572

306 405

328 225

176 099

P K P K

053 14 038 28

084 16 091 00

081 26 129 00

061 40 162 30

027 56 035 56

016 70 017 58

017 72 012 62

016 72 021 63

012 79 016 72

011 80 011 50

N 3886 N 4381
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Forourparticularsituationthismeasuresatisfiedmost
ofthedesirablecriteria

1Itisextremelysimpleieitiseasytocalculateand
easytointerpret

2Ifspeciesxandyarestatisticallyindependentintheir
selectionofbreedingspotsiePPthenK 0

3Ifbetweentwospeciesthebreedingspotsaremutually
exclusiveieP 0thenK 1

4IfPthen aswewouldlikeKispositiveandif

thesourcesofspeciesyisasubsetofthoseofspeciesx
K 100

5ThestandarderrorofRrKisnotassimpleaswe
wouldlikebutisafunctionofNPandP Even

sowecancalculateKaadthereforeareabletotestthe
desiredhypothesesSeetechnicalappendixfortableof

6valuesandtheformulafor5
ToillustratetheuseofKwehavechosentopresentand

comparethedataandresultsfromthetwoyears1970and
1971JunethroughAugust1SeeTable1

Thetotalnumberofsourcesforthetwoyearswere
aboutthesamebutasfaraslarvalproductionwascon
cernedthetwoyearsweresignificantlydifferentIn1970
eachAedesspecieswasfoundinabout18ofthepoolsand
theotherthreespeciesCtarsalisCpipiensandC
inornatawereeachfoundinabout30ofthepoolsInthe

sameperiodin1971bothAedesspeciesdroppedasaper
centageoftotalpoolsAdorsalisto14andAvexansto

Table 1KcoefficientsandprobabilitiesforJune
throughAugust1970and1971

Species

Adorsalis

Ctarsalis

Cinornata

Cpipiens
Avexans

AdorsalisAvexans

CinornataCpipiens
CtarsalisCpipiens
CtarsalisCinornata
AdorsalisCtarsalis

CinornataAvexans

AdorsalisCpipiens
AdorsalisCinornata

CtarsalisAvexans

CpipiensAvexans

1970 1971

10 ThepercentageofCpipienspoolsdroppedfrom33
to23 Withadropinproportionofthesethreespecies
from1970to1971theothertwoofcourseincreased
rathermarkedlyThepercentageofpoolswithCtarsalis
jumpedfrom33to57andforCinornatathispercent
agewentfrom31to41

Severalquestionsareofinterest1Forwhichofthe
pairwisecombinationsoflarvalspeciescanwerejectthe
nullhypothsis2Whatisthedirectionofassociationfor
theserejected3Aretheresignificantdifferencesbetween
Kforagivenpairin1970andthecorrespondingKin1971
4Canthesesignificantshiftsbeexplained

ThespeciescombinationsinTable1arearrangedinde
creasingorderofthe1970coefficientsofassociationK
ItisinterestingtonotethatwithoneexceptionCpipiens
andAvexansthe1971Kcoefficientswereinthesame
orderasthosefor1970

TheonlypositiveassociationswerebetweenAdorsalis
andAvexansforbothyearsThesearebothsignificantand
thedegreeofassociationin1971wassignificantlyhigher
thanthatfor1970therewasmoremixingin1971

TherewereonlytwoKswherethenullhypothesis
wouldnotberejectedandcuriouslyenoughbothofthese
werein1971andbothwereexactlyzerocorrecttotwo
decimalplacesThesewereforCtarsalisandCpipiens
andforCinornataandCpipiensTheselectionofbreeding
sourcesbythesetwopairsin1971wereapparentlyinde
pendent

Inalltheothersixteencasesthecoefficientsofassocia

tionweresignificantlynegativeietherewasapairwise
tendencyforthesespeciestoseekdifferentbreedingspots
Nopairsweremutuallyexclusivebut12oftheKswere
between050and080These12Kswereallofthecases

involvingoneoftheAedesspecieswithoneoftheother
threespeciesindicatingagenerallyhighdegreeofdissocia
tionwithAdorsalisorAvexansandanyoftheother
species

Withoutexceptionthe1971Kswereatleastaslarge
asthecorresponding1970Ksindicatingageneraltendency
tohigherassociationmoresharingofthesamebreeding
spotsin1971

Ofthetenpossiblecombinationsofthefivemajorspecies
takentwoatatimeonlyAdorsalisandAvexansshowed
apreferenceforthesametypeoflarvalhabitat

Allothercombinationstendedtoselectdifferenthabi

tatsThetendencytoselectdifferenthabitatsinthetwo
yearsofdatareportedherewasgreatestwithCtarsalisand
Avexanswiththeotherpossiblecombinationsshowing
intermediatevaluesbetweenthepositiveKofthetwoAedes
speciesandtheextremenegativeKofCtarsalisandA
vexans

Allofthepossiblecombinationsoftwospeciesshowed
atendencytoassociatemorein1971thanin1970except
AdorsalisandCtarsaliswhichremainedthesameand

perhapsCtarsalisandAvexanswherethedifferenceisnot
highlysignificant

Furtherstudyisrequiredtodefinepreciselythechanges
inlarvalhabitatsfromyeartoyearandhowweatherfactors
influencethemTheKcoefficientwillbeausefultoolin

thesestudiesWenowknowwhichshiftsaresignificantand
directourresearcheffortsaccordingly
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Fig1Viewoftheboringrigbeingusedin1972

WhenfloodedthatrateprovedtobeundesirablyhighWe
thenboredatratesof85and70holesperacreEightyfive
wasslightlymoreand70wasslightlylessthannecessaryIn
theremainingtroublespots75holesperacredrainedoff
standingwaterwithinthreedaysAltogetherwebored104
holesinthesecondfieldbutonly12acreswereinvolved
inmosquitoproductionso90holesatarateof75acre
wouldhavebeensufficientInourjudgmentverticaldrain
agewasaneffectiveandpotentiallycheapprocessforob
tainingmosquitoabatementinthesecondfield

Wealsobored131holesina40acrealfalfafieldatthe

southwesternedgeoftheCityofHanfordAtthetimethe
workwasperformedabout14ofthealfalfahadbeen
drownedoutbutareturnsystemfortailwaterwasbeing
installedOurworkwaspredicatedontheanticipated
effectivenessofthereturnsystemHoweverthegrade
withinthefieldprovedtobesoslightandinsomechecks
evennonexistentthatinsteadoftheanticipated75holes
peracreinatotalofabout17acresweendedwithan
averageofabout39holesperacrein34acresAlthough
theexistingholesappearedtomovewaterdownwardata
satisfactoryrateperholeadditionalholeswerenotbored
becausegoodagronomicpracticeindicatedthatthefield
shouldberegraded

Weworkedalsoonafarmnear4thandKentseveral
milessoutheastofHanfordinKingsCountyThe40acre
pastureapparentlyhadanadequategradebuttheneedfor
relevellingwassogreatthatverticaldrainageappearedtobe
animpracticalprocessHoweveronanexperimentalbasis
weboredanoveralltotalof50holesin3ofthe35checks

Inallthreechecksweobtainedadequatedrainageformos
qutiocontrolatratesof75peracreintwochecksandat
slightlymorethan85inthethirdeventhoughwateraver
agedabout12inchesdeepintheproblemareaofthethird
checkwhenthefloodingperiodended

Weworkedalsoonahorsefarmabout3milessouth

eastofClovisCaliforniainFresnoCountyTheprimary
problemwasintheexerciselotswherestandingwaterand
mudstemmedbothfromthesprinklingsystemandfrom
naturalprecipitationWaterpermeablestratathat gave

goodverticaldrainagewereencounterednearthe10ftlevel
Altogetherthenin1972weboredonfourratherwidely

separatedfarmsinFresnoandKingscountiesandencount
eredwaterpermeablestrataoneachfarmThereforewe
havenotchangedouroriginalideathatverticaldrainage
canbeausefulandpracticaltoolinmosquitocontrol

Sincethisisaprogressreportsomestatementoffuture
objectivesagainseemsinorderFirstwebelieveourpre
sentboringrigcanbeimprovedinefficiencytotheextent
thatonemancanboreanaverageof15to20holesper
hourtoadepthof11to12feetinterrainofaveragediffi
cultyOfcoursemuchmorebasicinformationmustbe
acquiredbeforetheactualpotentialofverticaldrainagecan
beestimated
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IntwopreviousmeetingsoftheCMCAwediscussedthe
conceptofaverticaldrainageformosquitocontrolinsmall
problemareasinwellcontouredjudiciouslywateredirri
gatedfieldsinthealluvialsoilsoftheCentralValleyof
CaliforniaLewis Christenson1971Lewisetal1972
Atthe1972meetingwepresentedevidencethatsuch
drainage andcontrol hadbeenobtainedbyboringholes
intounderlyingwaterpermeablestrataMostholesthat
drainedwellin1971rangedbetween9and11feetdeep
Wereachedthatdepthbyattachinga5ftlongauxiliary
boomtothe9ftlongloaderbucketarmsofasmallskip
loadertoachieveanoverall14ftlongboomtowhichwe
affixedahydraulicboringheadButevenwitha14ftlong
boomour9ftanddeeperholestranscribedadistinctarc

Thebestsolutiontotheproblemofarchshapedholes
obviouslylayinusingaboringrigwithadownwardthrust
thatdeviatedbutlittlefromtheperpendicularButsince
wewereunawarecfasuitablemachinewhichwecould

copyoracquirethatwouldboretothosedepthsacon
siderableportionofthetimeallocatedtothedrainagepro
jectin1972wasconcernedwiththeconstructionandon
goingimprovementofsuchaboringrigIftheprojectwas
tobeeffectivelycontinuedweconsideredthatapproach
unavoidablebecauseapracticalconceptofverticaldrainage
hingesontheavailabilityofamaneuverabledependablerig
thatwillboremanyholesperhourindifficultterrainata
reasonablecostperhole

Thispaperisareportontherigweconstructedandsome
ofthedataobtainedwithit

MATERIALSANDMETHODSToacompact4wheel
drivevehicleequippedwithatruckengineandapower
takeofflweattacheda2sectionforkliftmastand
appropriatehydraulicequipment including adouble

acting7ftlongstrokehydrauliccylinderwithinthe
forkliftmastThepistonrodofthecylinderwasat
tachedtotheinnermovablesectionofthemastso
positivedownwardpowercouldbebroughttobear
onthatsectionAttherearandnearthelowestextremity
ofthismovablesectionweattachedaleafchainrollerin
suchapositionthatitstraddledandcouldgivedownward
thrusttoaleafchainwhichhadoneendattachedtothe

rearcenteroftheforkcarriageandtheotherendattached
tothemiddleoftheuppercrossbraceofthefixedouter

toselfpropelled powersourceforanelectricgeneratorusedto
startjetenginesonmilitaryaircraftAcquiredwithoutcosttous
frommilitarysurplusThemachinehadawheelbaseof84inches
butshorterorlongerwheelbasesshouldserveequallywell
2From aforkliftwitharecommendedcapacityof6000ib

AcquiredwithoutcosttousfrommilitarysurplusAlighterand
thereforecheapermastshouldserveequallywell
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portionofthemastThuswiththedoubleactinghydraulic
cylinderwecouldexertsmoothpositivedownwardand
upwardforceontheforkcarriagethroughoutits14ftrange
Toobtainverticalholesthenwemountedourhydraulic
boringheadonashortboomaffixedtotheforkcarriage
Theboomwashingedandbracedsothatitcouldwiththe
augerattachedbequicklyswungtothesidebymeansofa
smalldoubleactinghydrauliccylinderThecarriageand
mastcouldthenbeloweredandtherigputintraveling
positionwiththeaugercradledalongthesideofthevehicle
Converselyandjustasquicklythemachinecouldbecon
vertedtotheboringpositionfromthetravelingposition

Wehaveboredholestoadepthof13feetwiththeoutfit
Oneveryoccasionourhydraulicsystemhasprovidedsuffi
cientdownwardthrusttopenetratewhateverhardpanor
otherdifficultsubstrataorobstructionweencountered

Withan8ftlongaugerplusextensionswecommonlyreach
adepthofabout11feetinfrom112to2minutesinterrain
ofaveragedifficultyWemightaddthatbecauseofour
finalobjectivewehaveseldomboredinterrainthatcould
beeasilypenetrated

Asforthemosquitoesinthefieldswherewehave
workedwehaveyettoobservepupationofAedessppon
thethirddayafterfloodingbutwehaveobservedpupation
onthefourthdaythatwasfollowedlaterbyemergenceBut
wehavenotobservedpupationfollowedbyemergenceun
lessstandingwaterwaspresentatthetimeofpupationFor
mosquitocontrolthenonlytheplacesthatcontainwater
onthethirddayafterfloodingneedtobedrained

Allholesin1972wereboredwiththenewrigdescribed
byusinga6indiameteraugerFigure1Allholeswere
filledwithacoarse3ainaggregateasin1971

RESULTSANDDISCUSSIONWeboredintwofields
about6mileseastoftheFresnoAirTerminalOnthis

livestockfarmthefieldswiththeexceptionoflow
spotsthathavedevelopedwerewelllevelledwithagood
slopebutthesoilwassomewhatheavyforgoodinternal
drainage

Whenfieldnumberonewasgradedandlevelledseveral
feetoftopsoilhadbeenmovedfromaknolltolowerareas
Inthisknollareaweencounteredrock orarocklike

formation fromaboutsixfeettoadepthbeyondthe13
ftlowerlimitstowhichweboredThiscementedmaterial

wouldnotlenditselftotheprocessofverticaldrainageIn
twoothertroublesomespotsoutsidetheknollareawe
penetratedintoagravellysubstratumataboutthe9ftlevel
thatdidtakewaterreadilybutoverallourprocessgave
butlittlereliefinfieldnumberone

Inthesecondfieldweencounteredwaterpermeable
layersatdepthsfrom8to1012feetInapreliminarytrial
weboredatratesofslightlymorethan150holesperacre



POTENTIALVECTORPROBLEMSASSOCIATEDWITHSUBSURFACEUTILITYENCLOSURES

CharlesMMyers EdColson andGilbertLChallet

Ithasbeenknownforsometimethatvarioustypesof
subsurfaceenclosuresarecapableofservingassuitablesites
formosquitobreedingPastexperiencehasdemonstrated
thatundergroundsystemsarealsocapableofservingas
harborageforpestandvectorspeciesotherthanmosquitoes
Speciesincludedinthislistareblackwidowspidersseveral
speciesofcockroachesandyellowjacketsLargerenclosures
mayalsobecapableofharboringrats

Littlehasbeensadbymosquitocontrolagenciesinthe
pastconcerningutilityenclosureslargelybecausethenum
bersofenclosureshavebeenrelativelysmallInthelastfew
yearshowevertherehasbeenaveryrapidexpansionof
undergroundelectricaldistributionsystemsUnliketheolder
andmorefamiliarlargewalkinvaultsthenewresidential
transformerenclosuresareonlyslightlylargerthanthe
equipmenttheyhouseAccessisavailablefromthesurface
andthesystemisdesignedforonemanoperation

ThereareseveraldifferentequipmentdesignsBasically
theyconsistofaconcreteenclosurewhichhousesthetrans
formersaboltonopengrilltopandusuallyashallow

6inchgravelbaseTheenclosuresmayberoundor
squareTheroundtypeforverticaltransformersisgener
ally36inchesor42inchesindiameterandabout6to7
feetdeepThesquarehorizontaltypesareusuallyabout3
feetdeepThisunitbeingshallowerresultsinlesscontact
withgroundwaterbutpresentsalargersurfacearea

Allofthetransformersintheseenclosuresareratedfor

underwaterserviceTheutilitiesarehoweverconcerned
aboutcorrosionandsiltingItwouldthereforeseemtobe
ineveryonesbestinteresttomaintainasdryanenviron
mentintheenclosuresaspractical

Theresidentialtypetransformersareratedforatleast
12KVThepotentialdangersinherentinhavingnonquali
fiedpersonnelincontactwiththistypeofequipmentpre
cludesadequatesamplingbymosquitoabatementorhealth
departmentpersonnelMosquitoeshavehoweverbeenre
coveredfromfloodedenclosuresbyboththePacificGas
andElectricCompanyandtheSouthernCaliforniaEdison
Company

CaliforniaStateDepartmentofPublicHealthBureauofVector
ControlandSolidWasteManagement5545EastShieldsFresno
California93727

2PacificGasandEkctricCompany4245HollisStreetEmery
villeCalifornia94608

3OrangeCountyMosquitoAbatementDistrictPostOfficeBox
87SantaAnaCaliforna92702
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Initialestimatesindicateatleast5to10oftheenclos

surescontainwaterAsmanyoftheresidentialareas
matureandmoresprinklersareinstalledinareaswhere
theywillinfluencefloodingoftheenclosureslargernum
bersoffloodedenclosuresmightbeanticipated

Approximately8000to10000undergroundunitsare
beingaddedtothesystemperyearinCaliforniaInnew
residentialsubdivisionsthereisonetransformerforabout

every10housesThisindicatesthatinthefuturethese
enclosurescouldbeasnumerousasstreetdrainingcatch
basinsSomemosquitocontroldistrictsarealreadyinvolved
inasurveillanceprogramonutilityenclosuresForexample
OrangeCountyMADhasover1000oftheseenclosures
undersurveillanceatthistime

RepresentativesoftheBureauofVectorControland
SolidWasteManagementhavecorrespondedwiththeutili
tiesinvolvedprincipallyPGEandSCEforoverayearre
gardingpotentialvectorproblemsintheseenclosures
Bothcompaniesstaffshavebeencooperativeinattempting
toelucidateaswellasfindsolutionsfortheproblemJoint
lyover14possiblemeansofeliminatingtheproblemhave
beenconsideredMostofthesehaveunfortunatelybeen
eliminatedasfeasiblesolutionsforvarioustechnicalreasons

Theutilitiesarecurrentlyintheprocessofanalyzingthe
floodingpotentialoftheirenclosuresinseveralrepresenta
tiveareasoftheStateItisourmutualaimanddesirethat

oncewebetterunderstandthesourcesoffloodingwaterwe
canbyengineeringeliminatewaterandhencemosquitoes
fromtheseenclosures

IntheinterimtheBureauofVectorControlandSolid
WasteManagementispresentingthefollowinginstallation
guidelinestothoseutilitiesinvolvedinundergroundsystems

1Innocaseshouldthetopofopenenclosuresbeinstalled
belowgrade

2Enclosuresshouldnotbeplacedinareaswherehigh
watertablesexistandcouldcausethemtofloodunless

theenclosuresaresealedagainstmosquitoes

3Enclosuresshouldnotbeinstalledinareasofobvious

surfacerunofforinareassubjecttofrequentoverhead
sprinklingunlessprovisionsaremadetopreventwater
fromenteringintoorstandingintheenclosures

4Theuseofincreasedgravelpackdrywellsorleachlines

shouldbeconsideredinareaswherelighttomoderate
waterencroachmentisanticipated

5Propertyownersshouldbeencouragednottofloodthe
enclosures



WILLLOCALGOVERNMENTSBEMERGEDINTOREGIONALGOVERNMENTS

MarvinCKramer

CaliforniaStateDepartmentofPublicHealth
BureauofVectorControlandSolidWasteManagement744PStreetSacramentoCalifornia95814

InrecentyearsinCaliforniaspecialdistrictshavecome
underthescrutinyofaresearchcorporation theCali

forniaLegislatureLocalAgencyFormationCommissions
andtheCountySupervisorsAssociationofCaliforniaIn
Oregonbillsthatwouldeliminatespecialdistrictshave
beenintroducedintothelegislatureThesehavebeenfrontal
attacksaddressingthemselvestopossibleconsolidationof
similarorunliketypesoflocalgovernments

Nowattentionisbeingdirectedtowardtheformationof
regionalgovernmentsGovernorReaganhassaidthatpos
siblysomecountiescouldbemergedwithothercounties
citieswithothercitiesandthatthemyriadofspecialdis
trictsshouldbejoinedtogether HehasselectedLtGover

norEdReinecketoheadtheCouncilonIntergovernmental
Relationsandthisbodywillholdhearingsforthepurpose
ofstreamlininglocalgovernment

MrReineckehaspointedtothe5758governmentalen
titiesinthestateafigurethatincludescitiescounties
schooldistrictsandspecialdistricts

Argumentsbeingusedtosupportregionalgovernment
are

1Toomanyspecialtaxes

2ThepubliccannotattendtheBoardsessionsofallofthe
specialdistrictsatwhichbudgetsareset

3TheCountySupervisorscanreducegeneralcountytaxes
butthetotallocaltaxloadmaynotbereducedbecause
specialdistrictscanraisetheirs

4Thereisaproliferationofspecialdistricts
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5Therearetoomanylawsandactsgoverningtheseveral
typesofspecialdistricts

6TheBoardofSupervisorsismorevisiblethantheboards
ofspecialdistricts

7Thereshouldbemorewidelybasedplanningand

8Federalmoneyisavailableforareawideplanning

Argumentsfavoringcontinuationofspecialdistrictsare

1Specialdistrictsareresponsivegeographicallyandper
sonally

2Specialdistrictsareresponsibletothepeopletheyserve
revenuesarederivedonlyfrombeneficiaries

3Theyservewellbecausetheyhavealimitedgeographical
areaforperformance

4Theyareperformingwellandtheirworkcouldnotbe
performedbetterbysomeoneelse

5Specialdistrictsareflexibleandcanadapttotheneed
forchange

6Overallplanningshouldbekeptseparatefromoverall
implementationand

7Therearestepsthatareshortofregionalizationsuchas
jointpowerauthorityorauniformdistrictact
Ifchangesaretobemadeandthatappearstobeatleast

possibleitwouldseemappropriateanddesirableforspecial
districtstobecomeacquaintedwithallofficialsinvolved
andtoworkcloselywiththemtobesurethattheimpor
tantchargeandefficientworkofthedistrictsisrecognized



EVOLUTIONOFAMOBILECOMMUNICATIONSYSTEM

ELGeveshausenandGardnerCMcFarland

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenueSouthGateCalifornia90280

Evolutionisacontinuouschangefromalowersimpler
statetoahighermorecomplexstateaprogressivedevelop
mentTheSoutheastMosquitoAbatementDistrictinthe
pasttwentyoneyearssinceitsformationhasbeenundergo
ingsuchachangeOurcommunicationsystemissuchan
example

Twentyoneyearsagowedidnothavedirectcommuni
cationswiththepersonnelinthefieldconsequentlybreak
downsinthefieldcouldnotbeservicedinsomecasesfor
aslongasfivetosevenhourstherebylosingtheuseofthat
unitforafulldayandsometimesfortwodaysServicere
questscouldnotbeansweredinmostcasesinlessthan
twentyfourhours

In1958theSoutheastMADdecidedtoexperimentwith
alowcosttwowayradiosystemTheareatobecoveredat
thetimewasapproximately175squaremilesFundsfor
thisprojectwerelimitedanditwasdecidedtotryCitizens
BandEquipmentwhichwasnottooexpensiveThisequip
mentoperatesasAMinthelowbandfrequencywitha
totalinputof5wattsApplicationwasmadetotheFederal
CommunicationsCommissiontooperateinthisfrequency
Onebasestationplus7mobileunitswereoperatedthe
firstyearTheresultsofthatfirstyearwereverybeneficial
totheDistrictsoperationalprogramBreakdownsandthe
resultingwaitsforassistancewereinmostinstancesreduced
toonetotwohoursincontrasttothepreviousfivetoseven
hoursServicerequestsin50ofthecaseswerebeingan
sweredthesamedayresultinginimprovedpublicrelations
andquickcontroloflocalbreedingsites

WithinthenexttwoyearsallDistrictvehicleswere
equippedwithtwowayCitizensBandradiosreducingthe
amountoflostoperationaltimeandgreatlyimprovingthe
communityrelationsprogramoftheDistrict

Allgoodthingsseemtocometoanendoratleastbe
comemoredifficulttoachievesoitwaswithCitizens
BandTwoWayRadioWhenthegeneralpublicfoundout
thattheycouldhavetwowayradiosintheirhomesandcars

atverylowcostthefrequenciesseemedtoexplodeEvery
onewantedtogetontheairandchitchatwiththeirfriends
Thejamofpeopleusingallthefrequenciesatthistimemade
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italmostimpossibletocommunicatewithourbasestation
Withintwoyearswewerereducedtomobilecommunica
tionswithinonetotwomilesofeachotherOurlosttime
inthefieldduetobreakdownandotherproblemswasagain
increasingPublicrelationswerebeginningtosufferbecause
ofourinabilitytoanswerservicerequestsasrequiredfor
bestpossibleservice

Changefromalowersimplerstatetoahighermorecom
plexstatewasagaininorderDiscussionswithoursupplier
FederalCommunicationsCommissionandFrequencyCo
ordinatordeterminedthatweshouldapplyforafrequency
inthelocalGovernmentServiceTheconcensusinourcase
becauseoftheareatobecovered528squaremileswas
thatweshouldremaininthelowbandbutatamuchhigher
frequencywithFMradioApplicationwasmadeandwe
wereassignedanopenfrequencythreeyearsagotooperate
at180wattswithabasestationtowerofsixtyfeetThis
systemgivestheDistrictclearcoverageoftwentyfiveto
thirtyfivemilesinalldirections

Fundsagainbecameacriticalitemwhenwebeganto
changeaphaseofouroperationsAcompletechangeofour
communicationssysteminashorttimewasnotpossible
becauseoflackoffundsItwasdecidedtotakethreeyears
tomakeacompletechangetothenewsystemThecostof
a40watttubetypetransceiverforamobileunitwasabout
4timesgreaterthana5wattCBtransceiverThecostof
asimilarsolidstateunitwasabout10timesthecostofa

CBunitThetubetypewasselectedtobeginourchange
overtoLocalGovernmentfrequencyandintheprocess
oursupplieragreedtoacceptourCBunitsastradeins
TheDistrictcompletedthechangeovertwoyearsagoAt
thepresenttimealloftheDistricts43vehiclesarepro
videdwithtwowayradios

Inconsideringtheuseoftwowayradiosadistrictmust
keepinmindthepublicitservesTodaythemosquitoabate
mentdistrictmustbealerttopublicopinionandtheeffects
ofthatopiniononitsprogramTwowayradioisavaluable
toolinmoldingthatopinionbygivingthepublicfastand
efficientservice



DESIGNAIDFORLANDGRADING

HarleyLNatvigandReubenJunkert
CaliforniaStateDepartmentofPublicHealth

BureauofVectorControlandSolidWasteManagement744PStreetSacramentoCalifornia95814

ThedevelopmentofirrigationsystemsinCaliforniahas
beenaccompaniedbylandgradingandrelatedimprove
mentstoincreasetheareaofirrigablelandandtoallow
moreefficientuseofavailablewaterSincethefirstlandwas

gradedorleveledforirrigationnumerousmethodshave
beendevisedtoassistfarmersengineersandcontractors
indesigningproperfieldgradesandcomputingearthwork
quantitiesDesignmethodsaregenerallytediousandtime
consumingparticularlywhenattemptsaremadetoarrive
atafieldgradewhichisthemosteconomicalieonein
whichearthworkhasbeenreducedtoaminimum

Increasedemphasis onmosquito sourcereduction

throughphysicalchangeshasgreatlyincreasedtheneedto
utilizeadvancedtechnologyinsolvingengineeringproblems
Itiswithinthecapabilityofmanylocalmosquitocontrol
agenciestoprovidetechnologicalassistanceasanincentive
tothegrowersforimprovingtheirpropertytoachieve
betterproductionandatthesametimemitigateexisting
mosquitoproblemsWeanlicipatethatinfutureyearsmore
agencieswillemploypersonnelcapableofgatheringfield
dataandothernecessaryInformationforlandlevelingde
signsThiswillfacilitatetheworkingrelationshipbetween
localagenciesandBureauofVectorControlandSolid
WasteManagementstaffinprocessingdatarequiredinthe
solutionofproblems

Severalfactorswhichinfluencefieldandgradesare

1Growerneedsandfutureplans
2Topography
3FieldGeometry
4Irrigationtypeandquantityofwateravailable
5Drainagetypecapacityetc
6Soiltypedepthtohardpanpermeabilitywatertable
7Crops

Theseandotherfactorymustbeconsideredindevelop
ingalternativedesignswhethertheworkisdonebyhandor
machinemethods

CollinsandShockleyL970developedacomputerpro
gramforplanesurfacedesigntofacilitatelandgradingfor
irrigationAmajoradvantageofsuchaprogramisthetime
savingsthatcanberealizedfromitsuseThecomputer
servicessectionoftheCaliforniaDepartmentofPublic
Healthhastakenthisbasicprogramandmodifiedthelan
guageforuseontheDepartmentsRCASpectra7045
computerinBerkeleyHoweverthecapabilitiesofthepro
gramhavenotbeenchangedandtheinputandoutputdata
areessentiallythesame

Theprogramhasthecapabilityofpreparingseveralal
ternativedesignsforprescribedparameterswithincertain
restrictiveconditionsTheprogramwillcomputecutsand
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fillstoestablishaplanesurfaceonanyshapedfieldCuts
andfillsarebalancedforminimumyardagemovementwith
inthelimitsprescribedforthejobTheprogramcomputes
theearthworkvolumesandprintsagridsheetthatcanbe
usedinmarkingcutandfillstakesforconstructionThe
programalsocomputesfieldareainacresFigures12and
3

Inputdatacanbegivenintheformofgroundelevations
onagridpatternGridspacingmustbeatleast10feetbut
notmorethan500feetAmaximum52gridpointsmaybe
usedoneitheroftwoaxesOddshapedareasoutsideof
therectangulargridarecalledfringeareasandcanbede
scribedbytheuseofintermediatestationsorgridpoints

Theseriesofeventswhichmusttakeplacetoutilize
thiscomputerizeddesignaidare
1Obtainrelativefieldelevationssoildepthsheadofwater

anddrainagerequirements

2Determineparameterswhichmustnotbeexceededby
thefinalelevations

3PreparedataforcomputerservicesThisconsistsofen
teringdataoninputsheetsfromwhichakeypunchoper
atorcanpreparethecomputercards

4Evaluatetheoutputtodetermineifthedesiredresults
wereobtainedorifchangesarenecessary

5Usethecomputeroutputforconstruction

Mosquitoabatementpersonnelcanreadilyperformthe
firstandlastproceduresoftheforegoingeventsThesesteps
requiremanymanhoursandthusrepresentconsiderably
moremoneythankeypunchandcomputertime

Anexampleofatypicalregradingproblemispresented
Aplanetablesurveyofthe32acrefieldwasmadewiththe
assistanceofdistrictpersonnelInputdatawerepreparedin
theBVCSWMofficeinSacramentoandseveralalternative
solutionswererequestedThesealternativeswereexplored
becausetheownerwasuncertainaboutfutureuseofthe

propertyAtypicalrunconsideringtwodesignalternatives
usedafewsecondslessthan8minutesofcomputertime
foracostof1669Approximately3hoursofkeypunch
andverificationtimewererequiredatabout10hrinclud
ingoverheadbringingthetotalcosttoapproximately47
Thiswasslightlylessthan150acreOncethefielddata
cardsarekeypunchedotheralternativedesignscanbere
questedandcostsareusuallylessthan1acreCostper
acrebecomeslessasfieldsizeincreases

AvailabilityofthisdesignaidthroughtheDepartments
computerservicescanbeconsideredamajorassettoCali
forniasmosquitocontrolagenciesArrangementsarepossi
blewherebythekeypunchandcomputercostscanbebilled
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SUCCESSFULSOURCEREDUCTIONONTIDALSALTMARSHES

ADTelfordandJDRucker

MarinCountyMosquitoAbatementDistrict
201ThirdStreetMarinCalifornia94901

In1968MarinCountyMosquitoAbatementDistrict
initiatedchangesinitsmethodsinordertoachievebetter
mosquitocontrolwithlesspesticideLabordeployment
pestannoyancethreshholdssurveillanceandsourcere
ductionwereimprovedandheavilystressedWithinfour
yearsseveralmajormosquitoproblemswereeliminatedand
pesticideusewasreducedbyover80 In1972only9

gallonsoffenthionwereusedforallmosquitosuppression
Thesingleactivityconlributingmostimportantlytothis

achievementwastheDistrictssourcereductionprogramon

ABSTRACT
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over5000acresoftidalsaltmarshesWiththeuseofa
SpryteallterrainvehicleandaSpeedscavelditcherThiokol
Corporation15000mosquitobreedingsourcesonthe
marsheswereconnectedtosloughsthatemptyintothe
bayFloodingtidesnolongerimpoundedandAedesdorsalis
mosquitoeswerereducedtonumberswhichwouldnotin
vadeneighboringcommunitiesCostsforAdorsaliscontrol
droppedfrom4735in1968to7in1971Takinginto
accountmaintenancecoststheSpryteandSpeedscavelwill
payforthemselvesinlessthanfiveyears



MOSQUITOSOURCEREDUCTIONHELPSCUTDISTRICTTAXRATE

TGRaley

ConsolidatedMosquitoAbatementDistrict
PostOfficeBox278SelmaCalifornia93662

ConsolidatedMosquitoAbatementDistricthasenjoyed
theexperienceofanalmostcontinuousdecliningtaxrate
fromthebeginningofitsoperationsTheannualtaxrate
thatstartedoffat15centsisdowntoonly7centsthis
fiscalyearCuttingthetaxrateinhalfovera27yearperiod
isratherslowprogressbutitisprogressToaddtothenice
feelingpreliminaryestimatesindicatetheDistrictstaxrate
willbecutagainnextyearHopefullythedeclinewillnot
continueatthesamerateduringthenext27yearsAzero
ratewouldnotallowveryhighwages

Onequestionthatwillberaisedwhenataxsupported
agencylowersitsrateiswasittoohighinthebeginning
fortheservicesrequiredThiscanbeansweredatleastin
partbytheeventsthatoccurredatConsolidatedMAD

TheDistrictformedinJune1946bytheFresnoCounty
BoardofSupervisorsafterpetitionbyinterestedcitizens
startedoperationonborrowedmoneyFormedtoolateto
beonthetaxrollsforfiscalyear194647theBoardof
Trusteeshadnohesitationovergoingtothebankfora
loantogettheworkstartedTheyhadthesecurityofafirm
commitmentfromtheBoardofSupervisorsthatadouble
ratecouldbeleviedinfiscalyear194748Therateforthat
yearwas30centsThismadeitpossibletopayoffthebank
loanmeetotherexpensesofgettingstartedandendupwith
anicecashcarryoverInfactthereservesweresolargeit
wasdecidedtolowerthetaxratefor194950to12cents
Itwassoonevidentthisratewouldnotbringinenoughto
meetcurrentneedsandmaintainadequatefundstostart
thenewfiscalyearTheratewasraisedto15centsforfiscal
year195152andremainedthereuntilfiscalyear195556
whenthedeclinestartedfromamoreestablishedposition

Whiletheearlyfalsestartinreducingthetaxratedid
indicatethefinancialneedforthattimewasgreaterthan
hadbeenestimateditalsorevealedtheattitudeofthe
trusteesontheresponsibilityoftheDistrictThiswasto
providethemostefficientservicepracticaltothetaxpayer
Itwasacceptedfromthebeginningthatthiscouldbedone
bestbyreducingknownmosquitosourcestothesmallest
sizefeasibleApolicywasadoptedattheAugust1947
Boardmeetingfixingresponsibilityforcorrectingmosquito
sourcesonthelandownerSourcesthatcouldreasonably
beconsiderednaturalwouldbetheresponsibilityofthe
DistrictThepursuitofthispolicyhasbeenconstantand
theresultshavebeenanimportantfactorinthedeclining
taxrate

Anotherquestionthatcouldberaisedontheeffortto
keepbringingthetaxratedowniswereemployeesalaries
andbenefitssacrificedWhiletheseareneverhighenough
tomeettheneedsoftheaverageemployeetheywereinline
withsimilarjobsintheareaIntherecentCalifornia
MosquitoControlAssociationSalary WorkingConditions
ScheduleeffectiveAugust11972 Consolidatedshows

quitewellinallcategoriesforthesouthSanJoaquinValley
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SalarieswillnevermatchtheBayAreaorSouthernCali
forniabutthoseworkersdonthavetheadvantagesofliving
inFresnoCounty

AquestionmightberaisedonthequalityoftheDis
trictsphysicalassetsbuthereagaintheycomparefavor
ablywithsimilaragenciesintheareaAsthenameimplies
ConsolidatedismadeupofmanypartsTherewerefour
incorporatedcitiesintheoriginalformationandthesafe
coursewastonotidentifytheagencytitlewithanyone
communityThishadevenmorecredenceasannexations
addedfourmorecitiesThiscompromiseonthenamedid
nothowevercarryovertothedesirebyeachtrusteeto
havelocalserviceSelmawasacceptedasthelocationfor
theheadquartersofficemainlybecausethefirstmanager
EdDavislivedthereAsthebigannexationsofthe
ReedleyHighSchoolDistrictandtheClovisHighSchool
Districtwereapprovedandfullscalefieldoperationsstarted
in1947depotswereestablishedineachofthecitieswithin
theDistrictSomeofthesewerecombinedinlateryears
buttherearestillsixdepotsthatareconstantlybeing
modernizedEquipmentisstandardrangingfromhandguns
toaircraftwiththeonemaninajeepthestandardfield
inspectiontreatmentunitINSPECTIONtoassureproper
timingfortreatmentistheWORDatConsolidatedMAD

Thedeclineinthetaxratehasnotmeantadeclineinthe

effectivenessofthecontrolprogramWhileadultmosquito
populationshavebeenalittlehigherinthelasttwoseasons
moremoneywouldnothavechangedthetrendSpray
materialsjustwerenotworkingaswellastheyhadinthe
pastandadjustmentswerenotpossibleovernightThemain
adjustmentwillberequiringmoresourcereductionsofor
thelongrangehavingfewerchemicalstoworkwithwillbe
abenefit

Likethemosquitopopulationfailureofthechemical
controlprogramhasconfusedthefiguresonsourcereduc
tionThebottomjustaboutdroppedoutoftheacres
sprayedgraphin1972Totalareasprayedlastyearwas
downtoanalltimelowof14770acresCreditcanbe
takenforsourcereductionaccountingforpartofthebig
dropfrom41710acresin1971butbettertimingofsprays
andjustnotsprayingundercertainconditionsalsocontri
butedtothedecline

Realisticallythesteadyimprovementmodifications
eliminationorwhateverofmosquitosourcesthroughthe
yearshasbeenthemainfactorintheDistrictsprogress
Adirectattackhasbeenmadeonalltypesofmosquito
sourcesWhilesourcesrelatedtoirrigationforagriculture
arestillnumberoneinnumberandseveritythegreatest
amountofareaeliminatedhasbeeninthiscategoryIndust
rialliquidwastehasnotposedaproblemforyearsand
communitysewerdisposalsitesaregettingclosetotheal
mostzeroproblemHouseholdandstreetproblemsstill
takealotoftimebutthisismoreinlookingratherthan
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treatingNaturalsourceshavebeencorrectedandmain
tainedsothatfishandotherpredatorskeepmosquitolarvae
populationsdowntoareasonablelevelFisharealsoa
mustinallmanmadewaterholdingstructuresEvenifthere
isasuspicionthatwaterwillremainforanylengthoftime
fishareplantedinlatewinterorearlyspringThismaynot

betruesourcereductionbutitdoesreducetheneedtospray
andcutsthebillforinsecticidesThisofcoursereduces

thebudgetandthisreducesthetaxrateCuttingtheDis

trictratetoonehalfthepresentratewouldbeanicegoal
toshootfor



NEWMOSQUITOSOURCESANDTHEIRPREVENTIONINURBANAREAS

Iwouldliketointroducethissubjectbyquotingthe
followingparagraphwhichbestdescribesthefactorsthat
havebroughtourDistricttothispoint

Inbriefourmosquitopopulationhasgreatlydecreased
butthenumberanddiversityofsourceshasincreasedtre
mendouslyAsaresultweareconfrontedwithawider
rangeofspeciesrequiringsharpercontrolprecisionand
efficiencyFortunatelyalongwithanincreasingpopulation
comesanincreaseinassessedvaluationmakingfunds
availableforbettermaterialsandequipmentandforthe
developmentofimprovedtechniquesInotherwordswith
urbanizationonecanexpectnewproblemsaswellasthe
meansforansweringthoseproblemsMathis1962

Inanefforttoimprovetheurbanandsuburbanenviron
mentandtobecomeenvironmentallyawareandsensitive
publicandprivateagenciesarecreatingnewaquatichabitats
thatareidealforbreedingmosquitoesandotheraquatic
nuisancesThecreationoftheseaquatichabitatsisalsodue
toademandbythepublicformoreaquaticsourcesfor
recreationalenvironmentalandaestheticusesTheseagen
ciesareinfactcreatingmoreaquatichabitatsthanthisen
vironmenthashadinthelasthundredsofyearsThesenew
aquaticsourcesarequitevariedbeingeitherlargeorsmall
andeitherfunctionaloraestheticThemosquitoandother
aquaticnuisanceproblemsareasvariedasthesesourcesand
theproblemsemanatingfromjustonetypeofthesesources
manmaderecreationallakeshasbeendocumentedby
Magy1968

DESCRIPTIONOFSOURCESIhavearbitrarilydis
tinguishedthesesourcesinwhichmyDistricthascomein
contactintothreecategories

1OrnamentalAquaticHabitats
ALivingComplexesTheornamentalaquatichabitats

withinlivingcomplexessuchasapartmentsandcon
dominiumsarequitevariedconsistingofeitheralarge
singlepondseveralsmallpondspondsconnectedby
streamsandwaterfallsoranycombinationthereof
Theyareconstructedofcementguniteorsoilcement
andformedtoanyshapeThesesourcescanlooklike
naturalpondsandstreamsorreflectingpoolsandcan
beusedforonlybeautificationormanypurposessuch
asfishingAtpresentwehave30ofthesesources
mappedthroughoutOrangeCountyandarefinding
moreunderconstructioneverymonth

BRecreationalorRealEstateLakesTheselakesand
theirproblemshavebeenwelldocumentedwithre
specttotheirbiologicalproblemsbyMagy1968
andtheirplanningandmanagementproblemsby
Rickert1971Theselakesareusuallyatleastfive
acresinsizewiththemaximumamountofshoreline

beingcreatedbythedesignoftheselakesPresently
wehavefiveoftheselakesinoperationandtwopro
posedforconstructioninOrangeCounty

GilbertLChallet

OrangeCountyMosquitoAbatementDistrict
PostOfficeBox87SantaAnaCalifornia92702
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COpenSpaceDemandsThedevelopmentofareasfor
openspaceparksandrecreationalpotentialcansig
nificantlyincreasethesizeandnumberofsources
Thisincludesenhancementofnaturalwatercourses

andtheuseofexcesslandsalongfloodzonesand
riverleveesThesewouldbelargegreenbeltareas
whichwouldincludemanyaquatichabitatsAtpre
senttherearethreeplansbeingimplementedin
OrangeCountytheSantaAnaSantiagoCreekGreen
beltPlantheAlisoCreekGreenbeltPlanandthe
HuntingtonBeachCentralParkProject

2EnvironmentalEducationCenters

Thesecentersarebeingdesignedandbuiltonpublic
schoolpropertiesfortheoutdoorenvironmentaleduca
tionandsomearebeingfinancedwithfederalfundsAt
presenttherearefourofthesecentersinoperationand
severalmoreunderconstructionEachoneofthese

centersincludesaquatichabitatsasamajorthemein
theirdesignThesecanbedesignedandoperatedwithout
amosquitonuisancebeingcreatedAlsotheycanbean
excellentexampleforpubliceducationinmosquitocon
trol

3SubsurfaceTransformerEnclosures

Publicutilitycompaniesintheircooperativeprograms
withlocalgovernmentstomakeamorepleasingvisual
environmentareputtingresidentialutilityservicesun
dergroundThisinvolveselectriclinesandtransformers
whichareencasedinaconcretehousingforprotection
Thetransformersaresetincylindricalconcretevaults
sevenfeetdeepthetopsofwhichareusuallyatground
levelwithonlyametalgratecoveringtheopeningsto
provideairventilationforcoolingThevaultsareusually
locatednearthesidewalkandservefourhouses

InDecember1970theDistrictdiscoveredseveralofthese

enclosuresbreedingmosquitoesIn1971MaderaMAD
discoveredanumberoftheenclosuresbreedingmosqui
toesandcontactedtheBureauofVectorControland

SolidWasteManagementforassistanceAtpresentwe
havemapped988oftheseenclosureswithintheDistrict
MyersColsonandChallet1973haveadequatelyde
scribedthesesourcesandthestepsthathaveledtothe
preventiveaction
Weanticipateexpansionofsourcessuchastheseand

somewithwhichwehavenotcomeincontactThisisun

derlinedbythefactthatSouthernCaliforniawillreceive
operationaluseofCaliforniaWaterProjectwaterin1973
Alsomanyofourinlandwastewaterplantsareusingre
cycledwaterforthesamepurposesasmentionedabove

PREVENTIVEACTIONPreventiveactiontakesplace
whilethesourceisstillintheplanningstageThisrequires
aknowledgeofwhatisbeingbuiltinyourdistrictandthis
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isbywhatevermeansyoumightuseThisknowledgecan
comefromyourcontactswithothergovernmentalagencies
suchaslandandwateruseagenciesplanningbuildingor
environmentaldepartmentsnewspapersorsurveillance
Thedistrictwouldliketoadvisethebuildersanddevelopers
ofpotentialmosquitobreedingsourcesThismeanschang
ingthemethodoftheadministrationofanabatement
programfromworkingwiththepropertyowneronanoper
ationalbasistoapreventiveprogramofworkingwithplan
ninganddevelopmentagenciesIdeallyagenciesconcerned
withdevelopmentsuchasplanningcommissionsandcity
councilsshouldhavethedevelopercontacttheDistrictfor
guidelinesforkeepingthesepotentialsourcesfreeofmos
quitobreedingThisdoesnotmeancheckingplansfor
eachprojectbutprovidingprintedguidelinesorspecifica
tionsfordesignandmaintenance

Fowler1962states threetimesasmanycontrol
operatorsarerequiredinareasthathavebecomeurbanized
andthishasbeentheexperienceoftheOrangeCounty
MADWiththisstatementinmindcantheadditionofa

newstaffmemberortheredirectionofapresentstaff
membertomonitorthesenewsourcesintheirplanning
stagesbeeconomicallyfeasibleWouldthisnewfunction
reducefuturemanpowerneedsforadistrictwithanex
pandingurbanareaGrant1966statedForeverypre
ventivemeasureplannedandexecutedinurbanwaterman
agementwehaveahostofproblemscreatedthroughthe
economyThisistrueinanumberofcasesinthisDistrict
butapreventiveprogramshouldbetried

LivingComplexesWhenouroperatorsfirstfoundthat
thesesourceswerecausingnuisanceswemonitoredoneof
thesesourcesfromwhichwehadthemostservicerequests
Thiswasanoldercomplexwhichhadpoormaintenance
proceduresThemosquitoandchironomidmidgeproblems
reachedapointwheretheownerdidnotwanttocontinue
controlormaintenancesothesourcewasfilledwithsand

Twocitieshavehadthedevelopersofproposedprojects
contacttheDistrictaboutthepreventionofmosquito
breedingAttherequestofthearchitectofthefirstdevelop
mentweprovidedasetofProposedSpecificationsforthe
PreventionofaMosquitcNuisanceinProposedAquatic
HabitatsThesespecificationscanbesenttoarchitects
plannersandbuildinginspectors

Specifications Wehopetosubmitthesespecifications
totheplanningandbuldingdepartmentsofthevarious
citiesandtheCountysothattheymayinturnprovide
thesetothosepersonsthatmightincludeaquatichabi
tatsontheirproperty

Theproblemsofchironomidmidgenuisanceinthese
sourcesisstillaproblemandonlypropermaintenance
andabatementactionseemtobetheansweratthistime

Someguidelineshavebeenarrivedatthroughthelittle
experiencethatwehavehad

OrangeCountyMosquitoAbatementDistrict

PROPOSEDSPECIFICATIONSFOR

PREVENTIONOFMOSQUITONUISANCE

INPROPOSEDAQUATICHABITATS

Mosquitoescanbeproducedinanysituationwherestanding
wateroccurs

Thebestwaytopreventmosquitoproductioninany
watersourceistodesignoperateandmaintainthatwater
sourcesoasnottoproducemosquitoesItistheproperty
ownersresponsibilitytoseethatapublicnuisancefrom
mosquitoesisnotcreatedonhispropertyaccordingto
theCaliforniaHealthandSafetyCodeSection2274It
isthepropertyownersresponsibilitytoabatethe
nuisanceasstatedinSection2275

Institutingthefollowingmeasuresineachwatersource
shouldprovideamosquitofreeenvironment

1Providemovingwater thiscreatesaflowwhichpre
ventslarvalproductionandegglaying

2Preventemergentvegetation preventionofemerg
entvegetationoroverhangingvegetationwillreduce
theamountofhabitatforthemosquitolarvaeinthe
water

3Preventrunoff runofffrombanksintopondsand
streamsincreasesavailablefoodforthemosquitoes

4Introductionofmosquitofish ifapplicabletothe
source

5Propermaintenance eachfacilitymustbemaintain
edsothatmosquitoproductiondoesnotoccur

6Larvicidingwhenrequired whenandifmosquito
productionoccursthentheappropriatelarvicideshall
beused

Eachsourceisdifferentanduniquesothatmosquito
controlmeasureshavetobesuitedtothatindividual
source

TheOrangeCountyMosquitoAbatementDistrictwill
provideconsultationandadviceonthedesignoperation
andmaintenanceofthesehabitats

RecreationalandRealEstateLakes Ourexperience
withthesesmalllakeshasbeenlimitedintimeandtoopera
tionalabatementactionsHoweverthenewerlakeshave
hadthisexperiencetousefordesignandoperationsothat
somenewerlakeshavehadlessofaproblemwithboth
mosquitoesandmidgesSpecificationsbyMagyareade
quatebutonlyreducetheproblemsomewhatMosquito
breedingisreducedbecauseofalgaecontrolandtheintro
ductionoffishHoweverchironomidmidgenuisanceis
verygreatuntilthelakegetsstabilized



OpenSpaceDemandsTheseparksandgreenbeltareas
arejustgettingstartedandwehavenoideaastowhatwill
bebuiltintheaquatichabitatareasTheywillprobably
besimilartogolfcoursewaterhazardsThesesourceswill
havebothmosquitoandmidgeproblemsThesesources
canhoweverbedesignedandmaintainedsonomosquito
problemsoccurSpecificationsshouldbeincludedinaman
datorymaintenanceagreementwhenthebuildingpermitis
issuedWehavebeenincontactwiththecoordinatorsof
theseplansandareincludedontheircontactlists

EnvironmentalEducationCentersOurexperiencewith
thesesourceshasbeenquitelimitedWehavecontacted
eachschoolaboutthisproblemandalsotheOrangeCounty
EducationDepartmentwhichactsasadvisorThese canalso

bedesignedsothatlittleornomosquitobreedingwill
occurThesecenterscanbeofvalueasaneducational
sourceformosquitobiologyandcontrolveryclosetothe
studentsTheOrangeCountyEducationDepartmenthas
offeredtohelpusinthisrespect

SubsurfaceTransformerEnclosuresWiththecoopera
tivehelpoftheBureauofVectorControlandSolidWaste
Managementonastatewidebasisandourlocalutility com

paniesastatewideprogramhasbeenstartedonpreventive
actionbeforemorearebuiltAbatementofthesesources
willtakeplaceonanindividualsourcebasis

Controloperatorsarefindingthesenewsourcesconti
uouslyandagreatmanyofthemhavehadnuisanceprob
lemsWeshouldtrytopreventthesefrombeingnuisance
liabilitiesbutratheranassettothecommunity

Firstwemustfindoutwhenandwherethesesourcesare
goingtobebuiltSecondlywemustofferguidelinestothe
developersonhowthesesourcesshouldbebuilttoprevent
aquaticnuisanceproblemsThiscanbedonebysubmitting
theseguidelinestotheagencieswithresponsibilityoverland
usepermitsWeshouldthenhelptoseethatpotentialmos

Anentomologicalandsociologicalstudyisbeingcon
ductedtostudytheextentofdiscomfortinflictedbypest
mosquitoesThefunctionaldependenceofurbanandrural

residentsresponsetoweeklypopulationindicesoffive
differentmosquitoeshasbeenstudiedcontinuouslyin
SutterCountyCaliforniasince1970Measuringpublic
responsetopestmosquitoesbycomplaintsorservicere
questsregisteredtothelocalmosquitoabatementdistrict
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quitobreedingsourcesarebuiltsoasnottoproducemos
quitoesThiscanbedonebyincludingyourguidelinesona
projectintheEnvironmentalImpactStatementThese
statementscanbeusedtoadistrictsadvantageproviding
youhavethedatatosupportyourstandEachgovernmental
jurisdictionbylawmusthaveageneralplanforlanduse
andincludedwithintheseareopenspaceandconservation
elementsTheseareareaswhereinputfromamosquito
abatementdistrictcouldofferpreventivemosquitocontrol
onproposedaquaticsourcesThereisapossibilitythat
coastalmosquitoproblemsmightbehelpedbybeingputon
apreventivebasiswiththeappointmentoftheCoastalCon
servationCommissions
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officedidnotappeartodiffersignificantlyfromresultsof
personalinterviewsofrandomlyselectedurbanandrural
residentsbystudentsurveyworkersResultsofpreliminary
analysisindicatedthatAnophelesfreeborniaccountedfor
themajorresponseofurbanresidentsCulexandAedes
speciesforruralresidentsTheextenttowhichseasonal
changesinthemosquitoesagephysiologicalstateand
feedinghabitaffecttheirabilityashumanpestisstillbeing
investigated
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I1RODlitTIONThephysiologicalagingofmosquito
populationsisusedtoassessvectorpotentialtoevaluate
controlefficiencyandtoprovidepopulationdataforlife
tablesandcomputersimulationmodelsAnumberofaging
techniqueshavebeendevelopedandappliedtomosquitoes
HoweveronlywithPolovodovastechniqueDetinova
1962canparousfemalesbeseparatedintodistinctage
classesInthistechniquetheindividualovarioleswithin
ovariesareexaminedfordilatationsfollicularscarsEach
dilatationmarksthecompletionofonegonotrophiccycle
bythefemaleIfoogenesisissynchronousandifthedura
tionofthegonotrophiccycleisestimatedthechronological
agecanthenbeapproximatedfromthephsyiologicalage

Forthepastseveralyearsnowwehavebeenusing
Polovodovastechniqueasatoolfordetectingseasonal
changesintheagestructureofAnophelesfreeborniinthe
SacramentoValleyIn1969wefoundthatthetechnique
wasapplicableto1freebornipopulationsandtheresults
ofthepreliminarydissectionsoffieldpopulationswere
presentedatthesemeetingsin1970McKennaandWashino
1970Laterinthatsameyearthetechniquewasusedas
anaidforevaluatingtheeffectivenessofultralowvolume
sprayingforcontrolof1freeborniinColusaCounty
Washinoetal1972

Ourearlierinvestigationswereseverelylimitedbecause
femaleswerecollectedfromonlyafewlocalesandbecause
onlysmallsamplesofthecollectedfemalesweredissected
Inordertorectifytheselimitationsanexpandedstudywas
initiatedduringthesummerof1972inwhichmosquitoes
from23samplingsiteswereprocessedbythreedissectors
Thetwodissectorswhohadnotworkedontheearlier
studyspentthreeweeksdissectingfemalesofknownage
andthenpassedatbetterthan95efficiencyatestof
unknownnulliparousandparousindividualspreparedby
oneoftheauthors

MATERIALSANDMETHODSAdultmosquitoeswere
collectedfrom24redboxesplacedatthe23localitiesin
SutterandColusacountiesApproximatelyhalfthered
boxeswerecollectedonTuesdaymorningsandtheother
halfonThursdaymorningsforan11weekperiodfromthe
firstweekofJulyuntilaridSeptember

Onalloccasionsthemosquitoeswereclassifiedand
dissectedduringtheafternoonofthedayofcollection
Mosquitoeswereclassifiedaccordingtospeciestosexand
inthecaseoffemalestophysiologicalstateempty
bloodedorgravidTheovariesoffemalesweredissected
andtheChristophersstageoftheoocytesandthelevelof
paritywererecordedExceptonthreeoccasionswhenthe
numberoffemaleswasprohibitivetheentirecollectionof
femalemosquitoesfromredboxeswereprocessedOnthose
threeoccasionsapproximately70to88percentofthe
totalsamplewasaged
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Datafromtheclassificationsanddissectionsweretrans

ferredtocomputerpunchcardsandanalyzedbyamultiple
crosstabulationprogrambasedonsamplingtechnique
localedatespeciessexandphsyiologicalstate

RESULTSANDDISCUSSIONAtotalof6931A

freebornifemaleswascollectedfromtheredboxstations
duringthestudyperiodWewereabletodissectandage
6189ofthesefemalesTable1showstheresultsofthe
dissectionsonamonthlybasis

Table1Monthlyagecompositionoflnophelesfree
borniintheSacramentoValleySummerof1972

Nodis n

Month sected NP 1P 2P 3P 4P 5P

July 2533

August 2549

September1107

708277 13

686274 34

785175 34

1 0 0

5 0 0

2 2 l

ThehighestoverallparitywasrecordedinmidAugust
althoughtheoldestindividuals4and5parousencount
eredwereinlateAugustandearlySeptember

Amarkedincreasewasobservedinemptyfemalesinlate

AugustandinthebeginningofSeptemberThisincreasewas
attributedtotheemergenceoftheoverwinteringfemalesbe
causeduringthissameperiodtheproportionoftheseempty
femaleswhichwerenulliparouswithoocytesinStage111
studieshaveshownthatthediapausingfemalesofAfree
borniareemptynulliparouswiththerestingstageofthe
ovariolesinIIIratherthanthenormalStageIIofgono
activefemalesMcKennaandWashino1970

Insummaryourdatafromthephysiologicalagingof
over6000Afreebornifemalesduringthesummerof1972
suggestthattheoldestandconsequentlymostdangerous
femalesintermsofvectorpotentialoccurinlateAugust
andearlySeptemberDuringthissameperiodhowever
becauseoftheemergenceoftheoverwinteringpopulation
thesepotentiallydangerousfemalesrepresentbutasmall
proportionofthetotalpopulationMucholderfemales
thanhadpreviouslybeenreportedforthisspeciesdoexist
atleastinSeptemberpopulations
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RESULTSOFPRELIMINARYMARK RELEASE RECAPTURETRIALSWITH

AEDESNIGRO114CMS

GAHMcClelland1 RobertJMcKenna DonaldJJollyandThomasACahilI

Increasingconcernwithbiologicalecologicalandgeneti
calcontrolmethodswhicharehighlydensitydependent
createsagreaterneedforknowledgeofabsolutepopulation
parameterssuchassurvivalfecundityanddispersalThese
arerequiredfirstlytoestimatetheratioofagentsneededto
bereleasedrelativetothesizeofthepopulationofthe
targetorganismandsecondlytomonitorpopulationlevels
duringorsubsequenttothereleaseaswellasdispersal
intoandoutofthetargetarea

Onewellknownmethodisofcoursemarkrelease

recaptureToprovidestatisticallyreliabledatamultiple
releasesmustbemadeoverconsecutivedaysorotherregu
larintervalsEachseparatereleasemustthusbemarked
withadistinctcodeInordertogetinformationondis
persaltheremustbemorethanonedistinctreleaseandor
catchsiteIdeallyaringofcatchandreleasepointscould
beusedsothatinformationcouldbegainedondirectional
trendsofdispersionAssumingaminimumofsay5sites
overa10dayperiodweclearlyneed50differentmarks

Largeanimalsandevenlargeinsectsofferfewerprob
lemsformultiplemarkingGary1971hasforexample
gluednumberedmetaldiskstobeesandsuchamethod
mightbeextendedtolargebitingfliessuchastabanidsor
GlossinaWorkingwithsmallpopulationsoftheyellow
fevermosquitoSheppardetal1969inThailandand
McClellandandConway1970inTanzaniawereableto
handpaintnumbercodesonindividualmosquitoesbecause
singledaycatcheswerelessthan50Inthesecaseshighre
captureratesprovidedadequatedatafromthesmall
samples

Thedenseandextensivepopulationsofmanymosqui
toesparticularlythoseofricefieldsandirrigatedpastures
suchasAedesnigromaculisprecludeindividualhandling
Marksneedtobeappliedquicklytohugenumbersofin
sectsenmasseinordertoyieldausefulnumberofrecap
turesKnownmarkingsubstanceshoweverappliedfallinto
threegroupsradioactivetraceelementsdyesandfluores
centdustsSouthwood1966Allthreehavetheserious
limitationthatthenumberofclearlydistinguishablemarks
ismostoptimisticallybelowtenRadioisotopessuitablefor
markingliveinsectshavethedisadvantageofshorthalflife
Neitherdyesnorisotopescanbeidentifiedwithoutspecial
treatmentAnentirecatchmustbeprocessedwithsolvent
ortapedtoXrayfilminordertorecognizeapossibly
minuteproportionofrecapturesFluorescentdustshave
beenwidelyusedandhavethegreatadvantageoverradio
isotopesanddyesinthatmarkedinsectscanberecognized

1UniversityofCaliforniaDepartmentofEntomology367
BriggsHallDavisCalifornia95616

2UniversityofCaliforniaDepartmentofPhysicsDavisCali
fornia95616
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alivebybriefexplosuretolongwaveultravioletblack
light Unmarkedmosquitoesinthecatchcanthusbe
markedandreleasedtoincreasetheefficiencyoftheoper
ationAgainthenumberofduststhatfluorescewellandare
distinguishableislessthanten

METHODSANDDISCUSSIONRationale Theana

lyticalmethodusedinthepresentstudyowesitsdevelop
menttotheimprovementoftechniquesfordetectingtrace
contaminantsasindicatorsofatmosphericpollutionThus
youcansayitisabyproductoftheecologymovement

Minutequantitiesofheavierelementscanbedetected
andidentifiedbytheircharacteristicXrayemissionspectra
whenbombardedbyalphaparticlesoranelectronbeam
Suitabletraceelementcompoundscanthusbeaddedtoa
fluorescentmarkingdustinvariouscodecombinations
Suchelementsmust1benotdetectedinunmarkedinsects
2beinsolublestableandunreactive3produceidentifi
ableXrayspectrainthepresenceofXrayemissionfrom
othermarkerelementsnaturalelementspresentinthe
specimenandthatfromthemarkerdustWherezincsulfide
isusedasthevisualmarkeritspresenceisconfirmedbyits
XrayspectrumNaturallyoccurringfluorescencesuchas
thatreportedbyReevesetal1948thuscancauseno
problemFurtherdetailsofthemethodhavebeendescribed
byMcClellandMcKennaandCahill1973

Mosquitoesweredustedwithamixtureofthezinc

sulfidepowderfoundtobebrightestbyBaileyetal1962
Heleconno1953andcombinationsofthreeofthefol
lowingnonradioactivetraceelementszirconiumoxide
uraniumoxidemolybdenumelementalniobiumoxide
lanthanumcarbonateandceriumoxide

Fordecodingmarkedmosquitoeswerekilledandfixed
tothinMylarfilmProtectedinthiswaytheycanbe
keptindefinitelysincetheatomsarecompletelystable
Fieldworkandcodeanalysiscanthusbeconveniently
separatedinspaceandtimeyettheprogressofanexperi
mentcanbeimmediatelyknownfromtherateofrecapture
Althoughthetraceelementsandthemethodofanalysisare
relativelycostlyandrequirethefacilitiesofacyclotron
itshouldberememberedthatonlyknownrecapturesare
testedsonotimeormoneyneedbewastedonunmarked
insectsandthesamplescaneasilybeshippedtoacooper
atingcyclotronfacility

Whenthesamplesarereadyfortestingatthecyclotron
theyaremountedonarotatabletargetwheelorother
samplechangingdeviceinsideavacuumchamberinthe
pathofafocusedbeamofalphaparticlesgeneratedbythe
cyclotronAlloftheatomsinthepathofthebeamemit
Xraysofcertainenergiescharacteristicofeachelement
CountsoftheXraysofeachenergylevelarecollectedand
analyzedbyanonlinecomputer

FieldTrial InJulyandAugust1972withthehelpful
cooperationoftheSutterYubaMosquitoAbatementDis
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Numbercaughtperday

935

4042

5308

5028

6732

4524

3057

2185

1731

3058

4061

5855

9412

55928

Numbermarkedperda

820

816

3735

2194

2389

2084

1685

1374

981

2251

2651

3690

y

19

4

28

19

2 24

4 52

78

112

66

42

28

47

28

20

1801
24670

trictweinitiatedalimitedfieldtrialtoassessthepotential
ofthistechniqueunderoperationalconditionsAsitesouth
ofMarysvilleCaliforniawaschosenwherepopulationsof
Anigromaculisweredenseandsubjectedtolittlecontrol

Ateamofthreecatchersusingbatterypoweredaspira
torscaughtmosquitoesfromtheirlegsforaperiodof75
minutesThecatchwasdividedintogroupsofabout25
mosquitoesandeachwasscreenedunderblacklightSam
plescontainingmarkedindividualsweretakenbacktoDavis
forseparationoftherecapturedindividualsandanalysis
Theremainderwasdustedwithadifferentlycodedfluores
centpowderandreleasedTheprocedurewasrepeatedfor
13daysFig1Themosquitoesreleasedonday12were
markedwithHeleconno1767aredfluorescingdustThus
itwasknownwithoutXrayanalysisthat15ofthe195
mosquitoesrecapturedonday13weremorethan1day
old

AscanbeseenfromFigure1therecaptureratewas
goodTheresultsofthecyclotronanalysiswerehowever
disappointingbutnotdiscouragingMuchmoredustwas
lostunderfieldconditionsthaninthepreliminarylabora
torytrialsasmighthavebeenexpectedThequantitiesof
traceelementswerethusreducedbelowthethresholdfor

detectionThislimitisabout100millionthpartofagram
Sincewehadaddedonlyaboutonepartofthetraceele
mentto50partsofthefluorescentdusttheamountof
traceelementmarkercouldbeincreasedeasilyWealsoran
intosomeunexpectedproblemsTheclearplasticKrylon
fixativesprayusedtomountthemosquitoesontheplastic
filmforanalysiswascontaminatedwithleadapparently
fromthesolderintheaerosolcanThestrongXraysfrom
theleadmaskedsomeoftheweakeremissionfromthetrace

elements

Weareconfidentthatthemethodcanberefinedtogive
thedataneededNeverthelesswearecurrentlyexploring
thealternativeofusingcodedmixturesofdifferentfluores
centpowdersThegrossfluorescencewouldallowrecogni

TOTALRECAPTUREDEACHDAY

Fig1Aedesnigromaculis partialresultsofamarkreleaserecapturestudySutterYubaCountyCaliforniaJuly
August1972
numberspartiallydeterminedbyxrayanalysis

tioninthefieldwhileidentificationofthecodewould

beaccomplishedusinganincidentlightfluorescencemicro
scopetorecognizeindividualparticlesofthedifferent
powders
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SUSCEPTIBILITYOFORGANOPHOSPHORUSRESISTANTCOLETiRSTO

EXPERIMENTALINFECTIONWITHWESTERNEQUINEENCEPHALOMYELITISVIRUS

JLHardyandRDSjogren

Astudywasconductedtodetermineiforganophosphor
usOPinsecticideresistantCulextarsaliswasanefficient
vectorofwesternequineencephalomyelitisWEEvirus
Thisstudywaspromptedbytheapparentcorrelationbe
tweentheemergenceofahighlyresistantpopulationof
CtarsalistoOPinsecticidesandtheconcomitantdecrease

inWEEviralactivityintheCentralValleyofCalifornia

iThisresearchwassupportedinpartbyResearchGrantAl
03028fromtheNationalInstituteofAllergyandInfectiousDis
easesandtheGeneralResearchSupportGrant5S01RR95441
fromtheNationalInstitutesofHealthUSDepartmentofHealth
educationandWelfare

2SchoolofPublicHealthUniversityofCaliforniaBerkeley
California94720

3KernMosquitoAbatementDistrictP0Box9428Bakers
fieldCalifornia93309

ABSTRACT
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during1969and1970SusceptibilityofadultfemaleC
tarsalistoinfectionwithWEEviruswasdeterminedby
intrathoracicinoculationandbyfeedingongauzepledgets
soakedwithamixtureofvirusdefibrinatedrabbitblood
andsucrose

Nocorrelationwasfoundbetweensusceptibilitytoin
fectionwithWEEvirusandresistancetofiveOPinsecticides

inCtarsalisobtainedfrombothfieldandlaboratory
sourcesHoweverwhencolonizedstrainsofOPresistant

CtarsalisandCulexquinquefasciatuswererearedinthe
presenceofaconcentrationoffenthionthatinitiallykilled
20percentofthelarvaeadultfemalesofbothspecieswere
moreresistanttoinfectionwithWEEvirusbyintrathoracic
inoculationthanwerenonpressuredmosquitoesThesigni
ficanceoftheseobservationstoencephalitisinCalifornia
wasdiscussed



OBSERVATIONSONTHEHATCHINGOFIE1ESIVICR0I11lULISLUDLOW
EGGS SEASONALVARIATION

TakeshiMiuraandRMTakahashi

UniversityofCalifornia
MosquitoControlResearchLaboratory5545FastShieldsAvenueFresnoCalifornia93727

Thefemalesofthepasturemosquitonijromaculis
Ludlowprefertolaytheireggsinbunchgrassclumpsin
irrigatedpasturesespeciallytheclumpsindepressions
wheremoisturecontentishighandcanberetainedfora
longperiodMiuraandTakahashi1973

Baseduponlaboratoryhatchingexperimentsandfield
observationsTelford1963reportedthatthehibernation
ofthepasturemosquitoconstitutesatruefacultativeem
bryonicdiapauseHepostulatedthatdescendingtempera
turesinthefallinitiatediapausewhereasascendingtem
peraturesterminatediapauseinthespringMcHaffey1972
alsobaseduponlaboratorytestsreportedthateggsofthe
pasturemosquitoentereddiapauseinresponsetoasub
optimumtemperature10C50Ftheproportionof
diapausewascorrelatedtothelengthofexposuretothe
suboptimumtemperatureMaternalinfluenceoneggdia
pausewasalsoreportedbyMiuraetal1968and
McHaffey1972

Thepurposeofthisreportistopresenttheresultsof
hatchingvariationof1nigromaculiseggsindifferentsea
sonsTheresultsofapreliminarystudyonterminationof
diapausearealsoreported

MATERIALSANDMETHODSDuringsummerand
earlyfallbunchgrassclumpswerecollectedperiodically
fromirrigatedpasturestoobserveinfluenceofenvironment
alconditionsonegghatchabilityTheclumpscollectedin
earlyfallwerealsostoredoutdoorsatthelaboratoryfor
furtherobservationsofinfluenceofwinterandspring
conditions

Thegeneralmethodsfordetermininghatchabilitywere
essentiallythesameaspreviouslydescribedMiuraand
Takahashi1973withoneexceptionthatthesampleswere
flooded5to15timesatweeklyintervalseachsamplea
core7cmindiameterorapieceofclumpcacacirca
about50cmexaminedwasfloodedinawhiteenamel
pan 30x18x5cmfor48to72hoursatroomtem
peratureof716to788F22 26CandRH
75to85Thelarvaewerethencountedbygently

pouringthewaterintoacleanwhiteenamelpanNewly
collectedsamplesfromthefieldoroutdoorswerecon
ditionedatleastfor3to7daysatroomtemperaturebefore
beingusedforhatchingtestsAttheendofhatchingtests
sampleswerethencheckedforunhatchedeggs

Inordertostudyphotoperiodicandthermoperiodicin
fluenceonterminationofdiapausetwosamplesca50
cmeachwerecollectedfromabunchgrassclumpon
January12Onesamplewaswrappedwithaluminumfoil
andtheotherwasleftunwrappedThesampleswerethen
placedinaglasshumiditychamberandthenkeptinadual
programilluminationtemperatureincubatorfor49days
toreactivatethediapausedeggsTheincubatorwaspro
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grammedfordailycycleof14hrlightat80F167C
followedby10hrdarknessat60F156CTheoriginal
bunchgrassclumpusedforthistestwascollectedfromthe
CostaPastureHanfordKingsCountyonSeptember8
1971andhasbeenstoredoutdoorsatthelaboratory

RESULTSANDDISCUSSIONDuringsummermonths
JuneJulyAugustandSeptemberover90oftheeggs
hatchedatthe1stfloodinghowevertoobtain100hatch
atleast3to4separatefloodingswerenecessaryTable1
Thisphenomenonofdelayedhatchhasbeenreportedin
thepreviousreportMiuraetal1968andithasbeen
speculatedthatthismechanismmayplayanimportantrole
inthesuccessfuldevelopmentof1nigromaculisintempor
aryirrigationwater

Figure1showstheresultsofhatchingtestsofthepasture
mosquitoeggscollectedfromthefieldindifferentmonths
togetherwithdatashowingtheaverageminimumandmini
mumtemperaturesanddailyphotoperiodInsummer
monthstemperaturefluctuatedbetween85to55F
294 128Candaveragedailysunshinewas12hrsor
moreunderthisconditionthepasturemosquitoeggswill
hatchreadilyatthe1stfloodingandthespecieswillbreed
continuouslyifsufficientwaterisavailable

TheresultsofhatchingtestsduringNovemberDecem
berandJanuaryareshowninTable2Atthe1stflooding
veryfeweggshatched2hatchedoutof8891eggsca
35atthe2nd19atthe3rd30atthe4thflooding
andtheremainingviableeggshatchedsubsequentfloodings
Duringthisperiodmaximumandminimumtemperature
fluctuatedbetween65to32F1839Cdailyphoto
periodvaried8to45hrsFig1

DuringMarchca11ofeggstestedhatchedatthe1st
floodingandfollowedby4724and17ofhatchateach
subsequentfloodingTable3Howeverinordertoobtain
a100hatchingoftheviableeggsinthesamplestested
atleast10separatefloodingswererequiredTemperature
inthisperiodvaried70to40F211 44Cand
dailysunshineincreasedfrom6hrsto95hrsFig1

DuringAprilandMayca515ofeggstestedhatched
atthe1stfloodingbut11separatefloodingswererequired
togettheperfecthatchDuringthisperiodtemperature
varied85to42F294 56Candphotoperiodwas
95to125hrs

Themostunexpectedhatchingpatternwasobtained
fromresultsofthetestsconductedduringOctober124
atthe1st116atthe2nd23atthe3rdandthenup
to20atthe4ththendownto63atthe5thflooding
Table4Fig1Duringthisperiodtemperaturefluctuated
85to40F294 44Canddailyphotoperiodreduced
from115to78hrsEggdiapauseisanimportantsurvival
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Table1 PercenthatchateachfloodingofiledesnigromaculiseggscollectedfromfieldduringJunetoSeptember

Flood

ing June20 July7 July30

1st 9268 9351 9463 9498

2nd 612 519 413 356

3rd 130 130 124 146

4th 0 0 0 0

5th 0 0 0 0

No

eggs 625

Table2Percenthatchateachfloodingof4edesnigro
maculiseggscollectedfromfieldduringNovemberDecem
berandJanuary

Flooding
Jan12

77 242 618

Dateof1stflooding

Nov5 Dec9
Mean

1st 0 05 0 002

2nd 2721 5607 2256 3528

3rd 6454 1824 418 2899

4th 337 1294 7302 2978

5th 0 863 0 288

6th 98 369 16 161

7th 248 14 08 90

8th 75 12 0 30

9th 58 02 0 20

10th 0 10 0 03

1lth 09 0 03

12th 0 0 0

13th 0 0

Noeggs2253 4173 2465 8891

mechanismforthepasturemosquitoduringwinterperiods
itprobablybeginslongbeforetheonsetofwintercondi
tionsTable4Fig1anditmaynotbeterminatedcom
pletelyuntillongafterthevanishingofwinterconditions
Table3Fig1

Table5showstheresultsofapreliminarytestonterm
inationofeggdiapauseTheeggsexposedtoa14L10D
80 60Ffor49dayscompletelyterminateddiapause
Theeggsexposedtoa24D8060forthesametime
didnothatchatthe1stfloodingbut99hatchedatthe
2ndfloodingshowingsometemperatureinfluenceonterm
inationofdiapauseHatchingtestofControl1wasmadeat
thetimewhenthebunchgrassclumpwascollectedfrom
thefieldSeptember6Control2wasperformedwiththe
samebunchgrassusedforControl1butstoredoutdoors

1LhoursoflightDhoursofdarkness

Dateof1stflooding

Aug4 Aug20

9068

683

248

0

0

Sept8 Sept14 Mean

9381

602

13

04

0

9509

440

50

0

0 0

161 2343 1386 5452

9362

518

120

01

Table3Percenthatchateachfloodingof4edesnigro
maculiseggscollectedfromfieldduringMarch

1st 573

2nd 1340

3rd 4642

4th 3342

5th 74

6th 10

7th 15

8th 0

9th 05

10th 0

11th 0

12th

Noeggs 2023

Dateof1stflooding

Flooding March6 March30 Mean

1602

8077

226

68

0

0

11

06

06

06

0 0

0 0

1773 3796

1088

4708

2434

1705

37

10

08

03

03

03

for6monthsTheresultsofhatchingtestsofthecontrols
alsoindicatethedirecteffectoftheenvironmentalfactors

uponembryonicdiapause
AccordingtoBeck1968embryonicdiapauseofinsects

lymantridmothssilkwormsaphidsandmitesisusually
causedbythephotoperiodsexperiencedbytheparentgen
erationratherthaneggsthemselvesHoweverincaseofthe
pasturemosquitoeggdiapauseitseemsthattemperature
andphotoperiodplayanimportantroleintheinduction
andterminationofdiapauseactingeitherontheparent
generationMiuraetal1968McHaffey1972ordirectly
ontheegg

SUMMARY

14nigromaculiseggscollectedfrombreedingsitesduring
JunetoSeptemberhatchedreadilyatthe1stflooding

2EggscollectedduringNovembertoJanuarydidnothatch
atthe1stfloodingbuthatched35atthe2nd29
atthe3rd29atthe4thand3atthe5thflooding
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Table4PercenthatchateachfloodingofAedesnigro Table5Percenthatchateachfloodingoflodesnigro
maculiseggscollectedfromfieldduringAprilandMay rnaculiseggscollectedfromfieldduringOctober

Flooding

1st 7237 5307 813

2nd 1540 4252 8996

3rd 666 313 85

4th 122 44 91

5th 24 24 15

6th 49 0 0

7th 73 0 0

8th 73

9th 0

10th 0

11th 122

l2th 98

13th 0

Noeggs409 2521 3298

3EggscollectedduringMarchhatched11atthe1st
flooding45atthe2nd25atthe3rdand17atthe
4thflooding

4EggscollectedduringAprilandMayhatched52atthe
1stflooding41atthe2nd5atthe3rdand1at
the4thfloodingInordertoget100hatch10to12
separatefloodingsarerequired

5EggscollectedduringOctoberhatchedinthemostun
expectedhatchingpattern125atthe1st12atthe
2nd2atthe3rd17atthe4thand6atthe5th
flooding

6Thediapausedeggsexposedtoa14L10D8060F
conditionfor49daysterminateddiapause

7Thediapausedeggsexposedtoa14D80 60F
conditionfor49daysshowedsomereactivationbut
neededthe2ndfloodingtoobtain100hatch

8Speculationismadethateggsof4nigromaculisenter
diapauseprobablyinresponsetodescendingtemperature

Table6ResultsofpreliminarystudyofterminationofdiapausedAedesnigromaculiseggsBunchgrassclumpswere
collectedonSeptember81971andstoredoutdoorsatthelaboratory

Treatment

Jan12toMarch1

14L10D8060F1
24D8060F2
Control1

Control24

Dateof1stflooding

April26 May10 May17

Number

Mean

5148

4082

448

95

22

25

36

36

0

0

60

50

0

6228

eggs 1st 2nd

942 9904

8081

3151 9527

147 612

064

0 9900

470

340

Dateof1stflooding
Flood

ing Oct6 Oct15Oct19Oct22Oct29Mean

1st 1511 3415 613

2nd2418 1528 174

3rd 64 45 238

4th 16 76 1063

5th 154 271 973

6th 90 4138 1081

7th 1734 468 748

8th 1941 47 2926

9th 880 05 1823

10th1071 06 31

Ilth 10 0 11

12th 636 01 223

13th 100 0 31

14th 10 0 51

15th 0 0 13

hatchateachflooding

011 0 011

64 26 10

03 0 0

2653 6054 204

ReferencesCited
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798 7837 1958
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eggs

andphotoperiodduringOctoberandterminateddia
pauseinresponsetoascendingtemperatureandphoto
periodduringMarch

BeckSD1968InsectphotoperiodismAcademicPressNewYork
andLondon288p

McHaffeyDG1972Photoperiodandtemperatureinfluencesand
ondiapauseineggsofthefloodwatermosquitoAedesnigro
maculisLudlowDipteraCulicidaeMosqNews325161

MiuraTRCHusbandsandWHWilder1968Observationson
thehatchingofAedesnigromaculisLudloweggsDiptera
CulicidaeProcCalifMosqControlAssoc364243

MiuraTandRMTakahashi1973Laboratoryandfieldobserva
tionsonovipositionpreferencesofAedesnigromaculisAnn
EntomolSocAmer66244251

TelfordAD1963AconsiderationofdiapauseinAedesnigro
maculisandotheraedinemosquitoesDipteraCulicidae
AnnEntomolSocAmer56409418

3rd 4th 5th 6th 7th

011 0

0 0

0 136

1Adailycycleof14hrIighand10hrdarknesswithtemperaturefluctuating80to60F267156C1stfloodingonMarch61972
2Adailycycleof24hrdarknesswithtemperaturefluctuating80to60F1stfloodingonMarch61972
31stfloodingonSeptember141971

41stfloodingonMarch61972keptinnaturalconditionnoartificialtreatment



BIOLOGICALCONTROLOFAQUATICWEEDSINTHELOWER
COLORADORIVERBASIN

EFLegnerTWFisherandRAMedved

UniversityofCalifornia
DivisionofBiologicalControlDepartmentofEntomology134EntomologyRiversideCalifornia92502

Increasingcostsoflaborandherbicidesplusincreasing
awarenessofthethreatofpollutionfromherbicidespesti
cidesandnutrientsfromagriculturalrunoffarecompli
catingaquaticweed moss controlprogramsinirriga
tionandwaterdistrictsofthelowerColoradoRiverbasin
Canalsdrainsandtilesvariouslybecomechokedorclogged
withaquaticvegetationandrequirecontinuedmaintenance
forthesuccessfuloperationoftheextensiveirrigationand
drainagesystemControlmethodsvarywithindifferent
areasofthebasinandingeneralareexperiencingan
unacceptableincreaseincontrolcostratioHopefully
controlwouldultimatelymakemaximumuseofnatural
enemiesphytophagousfishsnailsanddiseasepathogens
physicalhabitatmanipulationtodisfavorplantgrowthand
enhancetheactivityofweedfeedersandamoreselective
integrationofcurrentlyavailableortobedevelopedherbi
cides

Chemicalcontrolwithknownmaterialsandformulations

isdifficultandincreasinglyexpensivebecauseofthedilu
tionfactorandtheneutralizingeffectthatwatersofhigh
organiccontenthaveuponmanycompoundsandthewide
dispersalofweedsthroughtheirrigationsystemAlsorecog
nizedisthepotentialdangertoaquaticdependentfaunain
theSaltonSeadeltasandColoradoRiverthatisposedby
runoffofherbicidesandotherpollutants

Thebestknownnaturalenemiesofaquaticweedsare
fishandphytophagoussnailswhicharepresentlydifficult
tomaintainoverthegreaterareaoftheColoradoRiver
basinwithoutsometypeofhabitatmodificationthatwould
assurenaturalbreedingandwintersurvivalAlsowhereas
higheraquaticweedsandalgaeinstablehabitatscharacter
isticallyreduceandlimittheirpopulationdensityaftera
periodoftimethroughantimetabolitepollutionandnutri
entexhaustionthoseintheColoradobasindrainagesin
habitwaterthatisconstantlycleansedandresuppliedwith
astreamofnewnutrientsTheinevitableconsequenceis
apparentthepotentialforprolongednuisanceofaquatic
vegetationinthebasinissubstantiallygreat

CURRENTAPPROACHESANDRESULTSWeed

SurveyAsurveyofaquaticweedspeciesbegunin1970
isbeingcontinuedonaregularbasistodeterminethenum
berofspeciesconcernedandtheseasonalincidenceof
eachInformationfromthissurveyfurnishesaguidetothe
typeofcontrolmeasuresandspeciesofweedfeedersof
greatestpotentialAlsothesedataidentifythoseweed
speciesthatareactuallycreatingproblemsandthosethat
canbeatleasttemporarilydisregardedthusimprovingthe
efficiencyoftheresearcheffortTheprincipalweedspecies
asassessedfromcompletedsurveysincludeatleast3species
ofPotamogetonElodeacanadensisMichxandseveral
speciesoffilamentousgreenalgaeCladophorasppetc
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andharasppOfmorelimitedproblemstatusareemer
gentweedssuchascattailsTyphasppandbulrushes
ScirpussppseeOttoandBartley1965fordescriptions
andillustrationsofweedsconcerned

WeedFeedersCandidateweedfeedersproposedfor
studyinpavedlateralsditchesanddrainageareasinclude8
speciesrepresenting4generaoffish3speciesofTilapia
3speciesofMollienisia1Cyprinodonandthegrasscarp
Ctenopharyngodonidellus

TilapiaareprolificfastgrowingAfricancichlidfishthat
havebeentransportedtoseveralpartsoftheworldinclud
ingtheStateofHawaiifornoxiousaquaticweedconsump
tionTheiradditionalvalueinbiologicalcontrolofmosqui
toescomesaboutthroughtheirfeedingactivitiesonemer
gentvegetationandalgalmatstherebyeliminatingprotec
tivenichesformosquitoesLegnerandMedved1972We
havestudied3speciesTmossambicaPetersTzillii
GervaisandThornorumTrewazasAlthoughwinterkill
reducestheirpopualtionswehavefoundthatgiventhe
rightbreedingconditionsreproductionisrapidenoughin
thespringtoproduceadequatenumbersforsummerand
fallalgaeandotheraquaticplantcontrolThespeciesmen
tionedhaveperformedremarkablyinpondsattheUniver
sityofCaliforniaRiversideFigs1and2andincertain
testdrainsintheImperialValleyeventotheextentof
significantlycurtailingthegrowthofcattailsTyphaspp

TheMollienisiaormolliesaresmallattractivelypat
ternedCentralandSouthAmericanpoeciliidfishthatare
bynaturelargelyvegetarianBeingveryactivetheyeat
oftenespeciallyinthemannerofnibblingatalgaewhich
theydoalmostconstantlyWehaveobserved3species
MollienisialatipinnaLeSueurMsphenopsCuvierand
ValenciennesandMspatRiversideBesidestheirpoten
tialbenefitsasalgaefeedersthesebeautifullycoloredfish
feedonlarvaeofmidgesandmosquitoesAmongtheir
favorableattributesisaratherwiderangeoftoleranceto
soluteconcentrationandtemperatures

ThedesertpupfishCyprinodonmacularisBairdand
Girardalreadyinhabitingcertainportionsofthelower
ColoradoRiverbasinhasdesirablequalitiesasanalgae
feederTechniquestoincreasetherangeofthissmallnative
speciesmightbedevisedforthepurposeofbothalgaeand
mosquitocontrol

Thephytophagoushabitsofcertainaquaticsnailseg
MarisaconrvarietisLhasbeendemonstratedtopractical
lyreduceaquaticplantgrowthinrecenttestsatRiverside
Atleast2speciesofsnailshavebeenaccidentallyintroduced
intotheareaaroundtheSaltonSeabuttheirroleinmoss

controlisyettobedetermined
Studieshaveshownittobeausefulspeciesforconsum

ingenormousamountsofdiversekindsofaquaticvegeta
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tionwithoutanyharmfuleffectsoncropplantssuchas
riceTheseobservationsphasetheknowledgethatCidellus
willnotreproducenaturallyinAmericapersonalcommun
icationAJCalhounhasenabledustoconsideritsimpor
tationonaquarantinedbasisintoportionsofthelower
ColoradoRiverbasin

FishBehaviorandManagementFromourdatagathered
since1971thereappears1obeahighdegreeofintercom
patibilityamongallspeciesoffishstudiedthusfarincluding
Gambusiathemosquitofishsothattheestablishmentofa
complexofdesirablespeciesthroughoutthebasiniscon
ceivableTerritorialbehaviorofTilapiaespeciallyposesa
recognizedproblemtopracticalbiologicalcontrolInorder
forthesefishtobeeffectiveinreducingaquaticplant
growthaminimumdensityperunitofareamustbemain
tainedIncontrolledhabitatsadequatedensitiesaregener
allyattainedduringthefirstyearofestablishmentwhere
watertemperaturesexceed22Cduringwhichtimethe
growthaminimumdensityperunitofareamustbe
maintainedIncontrolledhabitatsadequatedensitiesare
generallyattainedduringthefirstyearofestablishment
wherewatertemperaturesexceed22Cduringwhich
timetheaquaticenvironmentconsistentlybecomesre
markablycleansedofnoxiousplantgrowthLegnerand
Medved1972Figs1and2LegnerunpubdataHow
everobservationsintestplotsintheImperialValleysince
1970andinRiversidesince1971showthatdominantmale

Tilapiabegintostakeoutterritoriesofvaryingdiameter
generallyexceeding10meterswithinwhichonlyafew
femalesaretoleratedResultingfryareeitherdrivenoutof
theterritoryorcannibalizedThisresultsinathinlydis
persedTilapiapopulationwhichisunabletokeepahead
ofthebuildupofaquaticweedsSuchterritorialbehavior

Fig1Effectsof2inaleand3female1monthold
Tilapiamossambicaafterfeedingfor1weekonaquatic
vegetationin2sectionsofadividedshallowpondfore
groundatRiversideCalifat23CThecentersectionof
thisreplicateisthechecknofishFloatingfilamentous
algaeandsubmergedaquaticplantsweresignificantlyre
ducedinthreereplicatedponds

appearstobeinterspecificanddoesforinstancenotice
ablyaffectcohabitationwithanewlyplantedpopulationof
anotherspeciesegTzilliiWaystointerruptandoralter
thisbehaviorseemstobeessentialtoacquirethefishdensity
necessaryformaximumaquaticweedreductionCurrent
studiesaredesignedtodevisetechniquesthatwouldeffec
tivelyrogueoutthedominantmalesastheyappearthrough
theuseofanglingtrappingshootingandpheromones
InanaquaticareaaslargeasthatofthelowerColorado
Riverbasinall4ofthepracticessinglyorincombination
mightbenecessaryforpropermanagementThegreatest
problemwiththeeffectiveuseofthewhiteamurCidellus
isavailabilityBeforeitsuseasanaquaticweedcontrol
agentcanbeeffectivelyimplementedamassproduction
techniquedevelopedfrombasicnutritionalstudieswillbe
required

Environmentalimpactoftheintroductionsofnewweed
consumingspeciesinthemanmadeandsustainedirrigation
systemofthelowerColoradoRiverbasinisbeingcarefully
consideredandstudiedbothasintenselyasoursupport
fundspermitandinclosecooperationwithbiologistsofthe
CaliforniaDepartmentofFishandGameAnyadverse
effectsarealreadyexpectedtobeminimalcomparedtothe
overallbenefitsderivedfromthereductionofherbicideus

ageandlaborcostsThereforeitiscertainthatthroughthe
useofinexpensivenonpollutingbiologicalcontrolorgan
ismsthewaterqualitycanbeexpectedtoimproveAsa
resultthiscountryscommitmenttotheMexicangovern
menttosupplybetterqualitywaterfromtheColorado
RiverdrainagesystemcanbemorereadilyrealizedAlso
thewidespreaddistributionoffishsuchastheTilapia
thatarecapableofreducingmosquitobreedinghabitats
undoubtedlywillreducesignificantlythethreatofinvading
mosquitocarriedvirusessuchasVenezuelanequineen
cephalitis

Fig2Effectsof2maleand3female6weeksold
Tiapiazilliiafterfeedingfor3weeksontherootsofcat
tailsTyphaspandotheraquaticvegetationinonesection
ofadividedshallowpondforegroundatRiversideCalif
at2325COnlythecentersectioncontainsthefish
Floatingfilamentousalgaeandsubmergedaquaticplants
werealsosignificantlyreducedinthreereplicatedponds
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ThefungusBeauveriatenellawasisolatedfromsick
larvaeofthetreeholemosquitoAedessierrensisfrom
MarinCountyCaliforniaSanders1972Laboratorytests
haveshownthatthisfungusispathogenicforsevenspecies
fromthreegeneraofmosquitoesnamelythehostfrom
whichitwasisolatedAsierrensisand1dorsalis4
aegyptiCulexpipiensCtarsalisandCulisetaincidens
Pinnocketal1973Thefactthatthefunguswaspatho
genictoallthespeciestestedlendsencouragementastoits
potentialpathogenicityforothergeneraandspeciesaswell

AsierrensisandCtarsalisdidnotappeartobeas
susceptibletotheblastosporesofBtenellaastheother
speciesAlltestsreferredtoherewerecarriedoutat1214
CAt5x10sporespermlCtarsalisshowed100mortal
ityafter11dayswhileatlowerconcentrationsrangingfrom
5x10to5x10completemortalitywasnotachieveduntil
21daysAsierrensisreached100mortalityatallcon
centrationsonlyafter21daysForthislatterspeciesthere
wasessentiallynodifferenceintherateofmortalityatany
oftheconcentrationsAllspecieswiththeexceptionof
Asierrensisshowedanincreaseintherateofmortality
at5x10sporespermlgenerallyreaching100mortality
between4and11days
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Earlyinstarmosquitoesappearedtobemoresusceptible
thanlaterinstarsIntestswith4aegypti1stinstarlarvae
reachedcompletemortalityafter4dayswhileonly34of
the2ndinstarsand25ofthe4thinstarsofthisspecies
diedduringthesameperiod

FieldtestsagainstAsierrensisintreeholesusingdos
agesof5x10and5x10sporespermlcausedareduced
emergenceofadultmosquitoesAtthehighdosageless
than30oftheexpectedadultsemergedwhileatthe
lowdosagetheemergencewasabout50 Furtherfield

testsarebeingconductedandplannedagainstthisspecies
andseveralothersduringthecurrentmosquitoseason
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asacontrolagentformosquitolarvaeJInvertPathol
Inpress
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populationsProcCalifMosqControlAssoc406668



COMPARISONOFJUVENILEHORMONEANALOGUEFORMULATIONSAGAINST

CHIRONOMIDMIDGESUNDERSEMIFIELDCONDITIONS

RLeeNorland

UniversityofCalifornia
DepartmentofEntomology134EntomologyRiversideCalifornia92502

LaboratoryassayshowedemergenceofChironomus
stigrnaterusandTanypusrodhausicollectedfromsewage
pondsas4thinstarlarvaetobecompletelyinhibitedby
AltosidZR515at05pDmLarvalmortalityoccurred
proportionatetodosageInoutdoorboxplots3ftx3ftx
10inmembersofthesubfamilyChironominaealwaysre

ABSTRACT
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coveredmorerapidly1wkfromtreatmentthandidthe
Tanypodinae2wksA5heavyflowableformulation
microencapsulatedofAltosidexhibitedslightlylonger
residualactivitythaneitherthe10lightflowableorthe
4lbgalECNodifferencecouldbedetectedbetweenthe
activityofthe10andtheECmaterials



PREDATIONOFMOSQUITOESANDCHIRONOMIDMIDGESINPONDSBY

TILAPIAZILLIIGERVAISANDTMOSSAMBICAPETERSTELEOSTEII CICHLIDAE

EFLegnerandRAMedved

UniversityofCalifornia
DivisionofBiologicalControlDepartmentofEntomology134EntomologyRiversideCalifornia92502

Thequestforsuitablebiologicalcontrolsubstitutesfor
GambusiaaffinisaffinisBairdandGirardonmosquitoes
andCyprinuscarpioLonchironomidmidgeshasfocused
attentiononthecichlidgenusTilapiaThesefishfeedon
chironomidmidgesandmosquitoesHallockandZiebell
1970StAmant1966JAStAmantpersonalcommuni
cationandcertainspeciesarecapableofsignificantlyre
ducingmosquitobreedinghabitatsthroughgrazingon
aquaticvegetationHickling1961LegnerandMedved
1972Legneretal1973TwospeciesTilapiamossambica
PetersandTzilliiGervaiswereinvestigatedforthe
effectivenessinreducingpondpopulationsofmosquitoes
andchironomidmidgesatRiversideCaliforniaduring1972
Preliminaryresultsofthesestudiesarereportedherein

METHODSANDMATERIALSExperimentalpondsto
investigatefishpredationandbehaviorwereconstructed
attheAquaticResearchLaboratoryUniversityofCali
forniaRiversideLegnerandMedved1972Twotypesof
pondsemployedwereearthernexcavationsthefirsttype
55mwideby76mlongand04mdeepwassubdivided
into3subreplicateswithbarriersconstructedof11mesh
cmsaranscreeningFig1Thesecondtype1meter
squareand02mdeepwasenclosedwithredwoodframes
Fig2Waterfromdeepwellswascontinuouslyadded
fromtheUniversityExperimentStationirrigationsystem
toreplacethatlostbypercolationandevaporationWater
qualityvariedwithagriculturalpracticesaswaterwasre
circulatedthroughtheexperimentstationarea

Groupsof2maleand3female6weeksoldTzilliiand
Tmossambicawereseparatelyintroducedintoeachof3
randomsubreplicatesofthelargerpondsonMarch91972
andallowedtoreproduceuntilcoldinducedmortality
occurredinlateOctoberTheprogenywereallowedtore
maininthereplicatesOne6weekoldTmossambica
femalewasintroducedintoeachof6redwoodframeponds
selectedatrandomandleftthereuntildeathwithoutrepro
duction

Twelvegramsofchickstartfeedingmashwereapplied
weeklytothesmallermetersquarepondstostimulatecon
tinuouschironomidmidgeproductionNothingwasadded
tothelargepondsMosquitobreedinginthesmallerponds
graduallyceasedasbloodmealscouldnotbeattained

Dipanddredgesamplesweretakenperiodicallyfromall
experimentalunitstoestimatedensitiesofmosquitoand
chironomidlarvaeFormosquitoesastandard500ml
dipperwasusedinthelargepondswith4dipsbeingtaken
atrandompereachsectionevery7daysOnly4thinstars
werecountedandallstageswerereplacedineachreplicate
Thesmallpondsweresampledwitha40mldipper4ran
domdipsperreplicateevery7daysForchironomidsa
250mlbenthosscoopdredgewasusedinthelargeponds
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with3scoopsbeingtakenatrandompereachsectionevery
14daysThesmallpondsweresampledwitha120ml
dredge1scoopatrandnevery7daysInadditionadult
mosquitoesandchironomidswerecollecteddailyfromthe
metersquarepondsinscreenedreceptaclesplacedover
eachreplicateFig2Detailedobservationsalsoweremade

Fig1Largesubdividedexperimentalponds55x
76mand04mdeepusedtoinvestigatefishbehaviorand
predationattheAquaticResearchLaboratoryUniversity
ofCaliforniaRiverside

Fig2Smallredwoodframedponds1metersquare
and02mdeepandemergencetrapstocollectadultmos
quitoesandchronomidsbackgroundforstudyingthe
behaviorandpredationofsinglefemalefishattheAquatic
ResearchLaboratoryUniversityofCaliforniaRiverside
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Table1EffectofTilapiaonthedensityof4thinstarmosquitoesinlargepondsduringtheperiodApril17 August14
1972RiversideCalifornia

Tilapiazillii
AverageNoperfour500mldips
Treatment Check

047

1100treatmentcheck x100

significantlylowerthancheckatt01

Table2EffectofTilapiarnossambicaonthedensityof4thinstarmosquitoesandadultemergenceinmetersquareponds
duringtheperiodJune5July31972RiversideCalifornia

AverageNolarvaeperfour40nildips
Treatment

197

1100treatmentcheck x100

Zsignificantlylowerthancheck att

264 8224

Check Reduction

273 2784

Reduction

onwatertemperatureandfishgrowthbutonlygrossre
sultsonpredationandinterferencewithinsectbreedingare
presentedhere

RIsANDDISCUSSIONMosquitoesandMidges
PresentTheprincipalmosquitospeciesandtheirrelative
abundancewhichemergedfromthecheckpondsduring
theexperimentalperiodfromAprilthroughAugustwere
CulexpeasSpeiser506 CtarsalisCoquille356
CpipiensquinqueasciaturSay127 andCincidens

Thomson17 Theprincipalchironomidspeciesand
theirrelativeabundancewereChironomusspp1ieroten
dipesspProeladiusspcombined742 Tanytarsusspp
193 andMicrospeetra Johannsen65

FishInfluencesonMosquitoDensityBothspeciesof
Tilapiaexhibitedapronouncedsignificantsuppressionof
mosquitolarvaldensityandadultemergenceinboththe
largeandsmallexperimentalpondsTables1and2Their
performanceinthelargepondswassuperiortothemore
restrictedmetersquareunitsThiswasprobablyduetothe
morenaturalaspectofalagerareaandthepresenceoffry
Schoolingbehaviorwasalsopossibleinthelargepondsthe
fishtravelingingroupsof1025individualsasprogenywere
addedtothesystembyreproductionTheseschoolspatrol
ledmostoftheirhabitatareaconsumingmosquitolarvae
andpupaewhichtheyencountered

Thepercentreductionofadultmosquitoesinmeter
squarereplicateswithfishwasnotsignificantlydifferent
fromthatestimatedbydipsamplesindicatingthereliability
ofthelarvalsampleforestimatingemergenceinthisex
perimentAlthoughmosquitoemergencefromthelarge
pondscouldnotbemeasuredaccuratelyresultsfromthe

Tilapiamossambiea
AverageNoperfour500m1dips
Treatment

116

AverageNoadultsemergedday

1395

Check Reduction

459 7467

Treatment Check rReduction

1879 2573

metersquarereplicatesindicatethatitwasprobablysimilar
tothatestimatedfromlarvaldipsOnehundredpercent
controlofmosquitoeswasachievedinalltheexperimental
pondsafterJuly10withTzilliiandJuly31with7mos
sambica

Reductionofmosquitodensitiesbythefishwasaffected
almostentirelybypredationtherebeingapparentlylittle
disruptionofthebreedinghabitatthatwouldrenderitun
suitablefordevelopmentofmosquitospeciesinthearea
Althoughmaturefishwereeffectivemosquitopredators
theyoungfryappearinginJulywerethemosteffective
Theyeliminatedallbreedingabout2weeksaftertheirinitial
appearanceThefishalsoadverselyaffectedthemosquito
populationbydestroyingthefloatingfilamentousalgae
whichprovideprotectivenichesformosquitolarvaeand
pupaeLegnerandMedved1972Legneretal1973

FishInfluencesonChironomidDensityAsignificant
suppressionofchironomidlarvaeandtheiradultemergence
alsowasobservedwithbothTilapiaspeciesTzilliibeing
themosteffectiveincontrolTables3and4Howeverthe
reductionofallemergingchironomidspecieswasonlyhalf
asgreatasthatinitiallymeasuredwiththebenthoslarval
sampleTable4Thiswasprobablyduetoselectivefeeding
anddisruptionoflarvalhabitats

Acontinuingexaminationofchironomidspeciessampled
intheexperimentsindicatesthepresenceofatleast7
speciesorthroughthehabitatdisruptionofothersAddi
tionalstudiesarebeingmadetosescribethespeciesandto
elucidatethebehavioralcharacteristicsofthoseemergingto
betterassesstheimportanceoffishinabatingchironomid
nuisances



Table3EffectofTilapiaonthedensityofbenthoschironomidlarvaeinlargepondsduringtheperiodMay25August
31972RiversideCalifornia

Tilapiazillii
AverageNoper250m1scoop

Treatment

297

1100treatmentcheckx100

2significantlylowerthancheckatt05

Check Reduction

482 3836

Table4EffectofTilapiaonchironomidlarvaldensityandadultemergenceinmetersquarepondsduringtheperiod
June5 September191972RiversideCalifornia

Tilapiazillii Tilapiamossambica

AveNoper
40m1scoop

Treat

ment Check reduction

AveNoper
40m1scoop

Treat

ment Check reduction

585 1800 6750 17163872 5568

1100treatmentcheckx100

significantlylowerthancheckatt01

Fishactedtoreducechironomidlarvaethroughdirect
predationinthebenthicareaofthepondsandbyhabitat
disruptionFishnudginginthebenthoswiththeirmouths
consumedmidgelarvaeanddistrubedadjacenttubeforming
speciescausingmortalityinsomecases

OutlookforBiologicalControlTheTilapiamaybeuse
fulcandidatesforintegratedmosquitoandchironomid
midgecontroltheirusefulnessvaryingwithwatertemper
aturesandcharacteristicsofthebreedinghabitat

Theagestructureoffishpopulationsapparentlygreatly
influencesthedegreeofcontrolattainablewiththese
speciesInfieldestablishmenttrialsinirrigationdrainsof
thelowerColoradoRiverbasinthedominantmaleTilapia
appearinginoneyearoldstockwereobservedtodemon
stratestrongterritorialbehaviorwhichreducesaspecies
densityMeanstointerruptthisbehavioraltraittoincrease
thedensityofmsoquitoandchironmidfeedingTilapiaare
currentlybeinginvestigated

Environmentalimpactstudieshaveshownthatpopula
tionsofTmossambicadeclinerapidlyinwaterbelow12C
StAmant1960andTzilliibelow7CLegnerunpub
datawhichgreatlyreducesfieldpopulationsannually
Thoughprolificbreedersinwaterwarmerthan22Cthey
sustainasignificantannualdiebackeliminatinganytend
encytowardoverpopulationasobservedinsoutheastAsian
populationsofThornorumTrewazasHickling1961We
alsohaveobservedthatsomepredationbypredatoryfish
suchasbassfurtherreducesthenumberoffryinsummer
populations

Tilapiamossambica
AverageNoper250m1scoop

Treatment

313

AveNoadults

emergedday

Treat

ment Check reduction

Check Reduction

601 4801

Tilapiazillii Tilapiamossambica

AveNoadults

emergedday

Treat

ment Check

9621 138293043 18355262102997
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BothTmossambicaandTzilliiaregoodgamefishre
spondingfavorablytoanglingenthusiastsTheediblequali
tiesofyoungadultsinthesizerangeof1630cmarede
sirableThustheiradditiontowatersofthelowerColorado
Riverbasinwouldbeharmoniouswithfisheriesimprove
mentgoalsandenvironmentalaspirations
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LABORATORYOBSERVATIONSANDFIELDTESTSWITHLAGENIDIUM

AGAINSTCALIFORNIAMOSQUTOES

EMMcCrayJrDJWomeldorf RCHusbandsandDAEliason

INTRODUCTIONIn1969CJUmphlettandCS
HuangisolatedanaquaticfungusfrominfectedCulexlarvae
collectedinOrangeCountyNorthCarolinaandprovision
allynameditLagenidiumculicidumUmphlettandHuang
1970Recenttaxonomicrevisionindicatedtheorganism
tobeastrainofLagenidiumgiganteumCouchUmphlett
1973StudiesattheTechnicalDevelopmentLaboratories
inSavannahduringthepastthreeyearsMcCrayetal1973
indicatedthattheorganismwasanexcellentcandidatefor
furtherevaluationasapotentialbiologiccontroltool

Numerousfactorsincludinglifecycleculturemethods
susceptiblemosquitospeciesenvironmentallimitations
dosagerateseffectsonselectednontargetorganismsand
methodsofapplicationhavenowbeenelucidatedandana
lysisofthesedatarevealedtheorganismtohaveanexcellent
potentialforthecontrolofseveralculicinespeciesincluding
CulextarsalistheprimaryvectorofencephalitisinCali
fornia

Limitedexploratoryfieldstudieswereconductedduring
thelatterpartofthesummerof1972withthecooperation
oftheCaliforniaBureauofVectorControlandSolidWaste

ManagementTheobjectivesweretodeterminewhethera
singleintroductionofthisstrainofLagenidiumintoselect
edsiteswouldresultininfectionandreductionofthe

naturalpopulationtostudythoseenvironmentalfactors
thatmightinfluencetheuseofthisaquaticfungusasa
biologiccontrolorganismandtomakeobservationsonthe
aquaticnontargetorganismspresentthatmightbeaffected
bytheintroductionofthisagent

Thispaperreportsadditionallaboratoryobservations
andtheresultsofthefieldstudiesconductedinaricefield

environmentagainstCtarsalisnorthofSacramentonear
ColusaandinirrigatedpasturesagainstAedesnigromaculis
southofFresnonearHanford

MATERIALSANDMETHODS1SiteSelectionand

DescriptionTheareanearColusawasprimarilyoneofrice
fieldsAdjacenttothericefieldswereirrigationcanalsand
drainageditchesusedtocontrolirrigationwaterTherice
fieldanddrainageditcheswhichreturnedthewatertothe
irrigationsystemThericefieldsanddrainageditchesap
pearedtobetheprimarymosquitobreedingsitesHowever
becauseofourlimitedknowledgeoftheeffectofthetest
organismonnontargetspeciessiteselectionwasrestricted

1TechnicalDevelopmentLaboratoriesMalariaProgramCenter
forDiseaseControlUSPublicHealthServiceSavannahGeorgia
31402

2BureauofVectorControlandSolidWasteManagementCali
forniaStateDepartmentofPublicHealthSacramentoCalifornia
95814

3BureauofVectorControlandSolidWasteManagementCali
forniaStateDepartmentofPublicHealthFresnoCalifornia93727
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tosmalldeadendbodiesofwaterthatdidnotflowinto
ditchesdrainagecanalsorstreamsthatmightspreadthe
LagenidiumthroughouttheenvironmentAnotherrestric
tionwasthattheexperimentalsitesbesuchthatshortly
aftertheterminationofthetestthesiteswoulddryup

Threetestsitesmeetingtheserequirementswereselected
nearColusaEachofthesiteswereseepageditchesadjacent
toricefieldsTwoweredividedwithsmalldamsordikes

intothreetestplotsapproximately3x30feetlongand
onewasasingleundividedtestplot90feetlongEach
testsitealsohadtwocontrolplotseitheradjacentdrainage
ditchesorportionsoftheseepageditchesthemselves

Thewaterfromeachtestandcontrolplotandtheadja
centricefieldswasanalyzedfortotaldissolvedsolids
TDSpHpercentsalinityandchlorideionsWatertem
peraturesofeachtestandcontrolplotwererecordeddaily

Thesedatarevealedthatthericefieldsanddrainage
ditchestheprincipalhabitatofCtarsalishadapHofap
proximately80totaldissolvedsolidsof1907mgliter
chlorideionsof1125mgliterandapercentsalinityof
005Thedatafromthewateranalysesalsorevealedthat
ofthethreeseepageditchesselectedastestsitesonlysite
no2hadwaterqualitieslikethoseofthericefieldsand
drainageditchesSiteno1hadapHof100TDSof
6247mgliterchlorideionconcentrationof3800mg
literandapercentsalinityof072Allofthesewaterquali
tieswereconsidereddetrimentaltothefungusandonthe
basisofexistinglaboratorydatashouldhavereducedthe
effectivenessofthefungustototallyunsatisfactorylevels
Atsiteno3thechlorideionconcentrationwasabout25

timesthoseofthenormalCtarsalishabitatandthesite

wassolidlyovergrownwithsaltgrass
Onthebasisofthesedatasiteno2wastheonlyaccept

abletestsiteHoweverinordertoverifyinthefieldthe
dataobtainedinthelaboratorysitesnos1and3werere
tainedinthetests

NearHanfordsouthofFresnoasatisfactorytestsite
waslocatedintheirrigatedpasturelandsItcontainednum
erouscheckssubdivisionsofanirrigatedfieldboundedby
aleveewhichwerebeingfloodedonaregularcyclewas
anactivemosquitobreedingsituationtheirrigationsystem
wassodesignedthatnorunoffwaterescapedintoanother
drainagesystemandthecattlewerenotbeinggrazedon
theland

Onecheckwasselectedasatestsiteandoneimmedi

atelyadjacentwasusedasacontrolFoursquarewooden
frameswereconstructedeachfourfeetlongoneachside
andaboutsevenincheshighAroundthebottomofeach
wasstapledaskirtofblackcottonclothThedayafterthe
checkswerefloodedthreeoftheframesweredroppedin
thewaterinselectedlocationsinthetestcheckandonein

thecontrolchecksothatuniformsamplingplotsexisted
Theframeswereforcedintosolidcontactwiththesodand
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Table1ThenumberoflivingCulextarsalislarvaecollectedandfoundinfectedfollowingintroductionofLagenidiumat
sitesnearColusaCalifornia1972

Dayaftertreatment

SiteNo1

Larvaecollected

Larvaeinfected

Percentinfected

SiteNo2

Larvaecollected

Larvaeinfected

Percentinfected

SiteNo3

Larvaecollected

Larvaeinfected

Percentinfected

2 3

388

0

0

146

146

100

114

0

0

Table2MeandailypreandposttreatmentcollectionsoflivingCulextarsalislarvaeandpupaefromColusasiteNo2
inoculatedwithLagenidium

Day 4 3 2 1

Control
Test

1Dayofinoculation
2AIIinstarsfromtwoplotscombined

3A11instarsfromthreeplotscombined

Test1

Test2

Test3

Control1

110 122 102 125

96 96 78 93

Table3Thenumberofliving4edesnigromaculislarvae
collectedandfoundinfectedfollowingintroductionof
LagenidiumatthesitenearHanfordCalifornia1972

Samplingplot Dayoftreatment 3 4

411 0 0

321 3 0

309 0 0

367 75 24

AllthreelarvaediedandwereinfectedwithLagenidium

heldfirmlyinplacewithwoodenstakesnailedtothesides
Theclothskirtswerethenpinnedtothesodwithnailsinan
efforttosecurelysealeachsamplingplottopreventingress
oregressoflarvaeDetailedwateranalyseswerenotmade
atthissitebutpHrangedfrom83to87andthewater
temperaturerangedfrom79to82F allsatisfactory
qualities

399

100

250

101

101

100

81

15

185

4

206

3

14

8

8

100

45

3

67

5 Total

198

2

10

0

46

4

87

88 72 93 80 123

89 88 51 36 5

1191

105

88

255

255

100

286

22

76

125

0 1 2 3 4 5 17

112 111

0 0

2PretreatmentEvaluationsPopulationdensitieswere
determinedintheColusaareabytakingfivedipsineach
testandcontrolploteachatabout5footintervalsalong
theseepageditchAttheHanfordsitethedensitywas
determinedineachsamplingplotbytakingfivedipsone
ineachcornerandoneinthecenter

Pretreatmentstudiesofeachtestandcontrolplotcon
sistedofdeterminationoflarvaldensityidentificationof
speciespresentcollectionofnontargetaquaticorganisms
andexaminationofthecollectedmosquitoesandnontarget
organismsforthepresenceofpreexistingLagenidiumor
otherfungithatmightbeconfusedwithLagenidiumC
tarsaliswasthepredominantspeciesintheColusaareaand
4nigromaculiswasthepredominantoneintheHanford
areaAnophelesfreeborniwerepresentinbothlocations
andCtarsalisappearedseveraldaysafterthestartofthe
testintheHanfordareaNoLagenidiumorsimilarfungus
wasobservedasparasitesofthemosquitolarvaeorthenon
targetorganismscollected
3ProductionofInoculumandSiteInoculationEggs

ofAedesaegyptifromtheUniversityofCaliforniaatDavis
werehatchedandlarvaerearedtoproducesufficient3day
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oldlarvaeasculturematerialforproducingthefungal
inoculumViablezoosporeswereshippedfromTDLfor
inoculatingthehostlarvaeTwentyfourhoursafterthe
infectedhostlarvaediedtheywerefragmentedandpoured
throughafinemeshsievetoremoveanylargeparticlessuch
asheadcapsulesTheresultantsuspensionwasthenplaced
ina3gallonpressurespraycanandusingan8002nozzle
and40lbpressureeachtestplotintheColusaareawas
treatedattherateoffourfragmentedcadaverspotentially
onemillionzoosporesperlinearfootofditchAttheHan
fordsitethelowerendoftheirrigatedtestcheckabout
2000squarefeetofstandingwaterandthethreesampling
plotsweretreatedattherateofonefragmentedcadaver
potentially250000zoosporespersquarefoot

4PosttreatmentEvaluationsAttheColusasitebe
ginningthedayoftreatmentanddailythereafterforfive
dayseachplotwassampledbytakingthefivestandard
dipsandconcentratingthematerialinagussiebucket
Womeldorfetal1963Allcollectedmaterialwasreturned
tothelaboratoryandthelarvaeandnontargetorganisms
wereseparatedAlldeadlarvaewereexaminedforinfection
withLagenidiumAlllivinglarvaewereseparatedbyinstar
plotdatecountedandheldforaminimumoffourdays
Dailymortalitywasrecordedforeachandeverylarvathat
diedwasexaminedmicroscopicallyforinfectionwith
LagenidiumAsmanynontargetorganismsaspossible
werealsoexaminedmicroscopicallyforinfectionwith
Lagenidium

AttheHanfordsiteonthedayoftreatment100field
collected2ndstagelarvaewerebroughttothelaboratory
anddividedamongfourcontainersholdingabout100mlof
distilledwaterand10mloftheinoculumusedintreating
thetestsiteFieldevaluationsweremadebyobtaining
countsonthedayoftreatmentfromeachofthesampling
plotsbyusingthefivestandarddipsandagainonthe3rd
and4thposttreatmentdayAlldeadlarvaecollectedwere
examinedimmediatelyforinfectionandalllivinglarvae
wereheldforaminimumoffourdaysAlllarvaethatdied
wereexaminedforLagenidium

Results

ALaboratoryObservations
1ParasiticcycleinCtarsalis

aVegetativephase
TheinfectiveformofLgiganteumisthebiflagel
latemotilezoosporeandthereweretwodistinct
portalsofentryforthemosquitolarvaethemouth
andthecuticle

Inthemajorityoftheinfectedlarvaethezoospores
wereingestedandpenetratedthetissuesofthe
hostlarvaeintheanteriorportionofthedigestive
tractusuallytheregionofthepharynxMycelial
growthspreadrapidlyfromthepointofentry
throughouttheheadthenviathehaemocoeleto
wardtheposteriorinfectingtheanalsegmentand
gillslast

Inabout2ofthespecimensobservedhowever
mycelialgrowthfirstappearedintheabdomen
analsegmentorgillsIntheselarvaethehyphae
grewfromdarklypigmentedspotsonthechitinous

exoskeletonLarvaewereroutinelyobservedwith
infectionsoccurringthroughbothportalsofentry
Thehyphaegrewviathehaemocoeleandspread
rapidlythroughoutthebodyconsumingtheentire
contentsexceptforthechitinousrespiratorytract
Thehyphaethenbecameseptateandenteredtheir
reproductivephase

bAsexualreproductionFig1

Theindividualsegmentsofthehyphaebecame
roundedgranularstructuresknownassporangia
andsporangialformationandlarvaldeathwere
usuallysimultaneousAfourthstagelarvausually
containabout20000sporangiaOnesometimes
twoexittubeswereformedbyeachsporangium
andgrewoutthebodywallofthedeadlarvaA
vesiclewasformedattheendofeachexit

tubeandtheentirecontentsofthesporangium
flowedintothevesicleWithinthevesiclewere

formedfrom4to50zoosporesaverageof12
vesicleThewallofthevesicledisintegratedand
themotilezoosporeswerereleasedintothewater
torepeatthecycle

cSexualreproduction
Inthesexualphasetheindividualsegmentsofthe
hyphaebecameeitherantheridiaoroogoniaThe
antheridialprotoplastmovedthroughaconjugal
poreintoanadjacentoogoniumtoformazygote
Thisbecametheoosporerestingsporebythefor
mationofathickenedwallaroundthecombined

protoplastsTheoosporeremaineddormantuntil
stimulatedtogerminateandreleasedmotilezoo
sporesintothewatertorepeatthecycleBotha
sexualandsexualcyclesoccurredwithinasingle
larvaandalsowithinansinglehyphaThecycle
mostfrequentlyobservedwastheasexualoneThe
factorswhichstimulatethefungustoenterthe
sexualphasearepresentlyunderinvestigation

2Effectsonnontargetspecies
AlthoughavailableliteratureontheLagenidialesand
thegenusLagenidiumrevealstheseaquaticfungitobe
veryhostspecificthepossibleeffectofthisorganism
onnontargetaquaticorganismswhichmaybeessen
tialfoodchainspeciesintheenvironmentwascon
sideredearlyinthestudyCyclopsDaphniaSca
pholeberisseveraladditionalunidentifiedspeciesof
copepodsandcladoceranspolychaetesdytiscidsand
chironomidswerecollectedfromnaturallyoccurring
sitesandtestedbyplacingapproximatelyequalnum
bersintestandcontrolcontainersLagenidiumwas
addedtothetestcontainersdailyMosquitolarvaeand
equalquantitiesofbrewersyeastandalgaeasfood
forthenontargetorganismswereperiodicallyadded
toallcontainersThemosquitolarvaeinallinoculated
containersbecameinfectedanddiedPopulationesti
matesandactualcountsofthenontargetorganisms
revealednogreatersurvivalamongthecontrolthanin
thetestorganismsMicroscopicexaminationofyoung
andadultorganismsrevealednofungalinfections



Adultswereobserveddailywitheggsabundantyoung
specimensfromnewlyhatchedthroughallstages
wereroutinelyobservedMicroscopicexaminationof
centrifugeddetritusrevealednofungalinfectionof
anyorganismexceptmosquitolarvae

BFieldObservations

1Colusasite

ThedatapresentedinTable1showthenumberof
livinglarvaecollectedaftertreatmentfromsites12
and3thenumberthatwereinfectedandthepercent
ofinfectionItappearsfromthesedatathattheen
vironmentalfactorsmentionedearlierdidhavean

adverseeffectonthefungusatsitesnos1and3Itis
alsoapparentthatatsiteno2theonlysitewith
waterqualitieslikethoseofthericefieldsanddrain
ageditchesthatalllarvaebecameinfectedandall
larvaedied

ThedatapresentedinTable2showthemeandaily
collectionsoflivinglarvaeandpupaefromsiteno2
priortoandaftertreatmentAlthoughtherawdata
arerecordedforeachseparateplotandinstarforpur
posesofthispresentationallinstarsandplotshave
beencombinedNotethatthefieldpopulationsinthe
treatedplotswereessentiallyreducedtozerobythe
4thdayAllofthelarvaecollectedthe2nd3rdand
4thposttreatmentdaywereheldinthelaboratory
Alllarvaefromtreatedplotswereinfectedandall
diedwithinfourdaysThesiteswereexaminedagain
onthe17thposttreatmentdaySitesnos1and3
weretotallydryAtsiteno2livinglarvaeorpupae
couldbefoundinthetreatedplotsthoughthecontrol
plotsatthissitecontinuedtobeactiveproducers

2Hanfordsite

Onthedayoftreatmentthelarvaewereprimarily
secondstage4nigromaculiswithabout2ofthe
populationearly3rdinstarOfthe100larvaecollect
edjustpriortotreatmentandsetinthelaboratory
withinoculumallweredeadwithintwodaysandall
werepositiveforLagenidium

Onthe2ndposttreatmentdaythelarvaewerepri
marily4thstageandseveraldeadAnigromaculis
larvaewereremovedfromeachofthesamplingplots
inthetreatedcheckformicroscopicexamination
Thesedatarevealedthatinfectionhadoccurredinthe

naturalpopulationforallofthedeadlarvaecollected
wereinfected

Alsoonthe2ndposttreatmentday10living4
nigromaculislarvaewerecollectedfromeachofthe
treatedplotsandheldindistilledwaterforobserva
tionAllofthelarvaediedbutpositiveidentification
ofthefunguscouldbemadeinonly83oftheca
daversTheremaining17hadallofthecharacter

isticsofinfectionbutpositiveidentificationoffungal
hyphaecouldnotbemadeduetointensepigmenta
tionofthelarvae
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Onthe3rdand4thposttreatmentdaysthepopula
tionwasessentiallypupaeandthedatafromthecol
lectionsonthesedaysTable3suggestthatthelarvae
wereeitherunabletosurviveconfinementinthe4

footsquaresamplingplotsorthattheywerenot
sealedastightlytopreventingressoregressaswe
thoughtNeverthelessthethreelarvaethatwerecol
lectedfromthetreatedplotsonthe3rdposttreat
mentdaywereinfectedanddiedwithintwodaysand
nolivinglarvaeorpupaewerecollectedwiththefive
standarddipsonthe4thposttreatmentdayExami
nationoftheentiretreatedcheckonthe4thpost
treatmentdayrevealedthatthewaterwasrapidly
recedingfromtheupperuntreatedendandwasmov
ingthepuapeandlate4thinstarsintothelower
treatedendNumerouslivingpupaeandafewlarvae
ofAnigromaculiswereobservedatseverallocations
inadditiontothelargenumbersofdeadlarvaethat
weregenerallydistributedthroughoutthelowerend
ofthecheck

Adiligentsearchofthethreesamplingplotsinthe
treatedcheckonthe4thposttreatmentdayrevealed
afewliving4thstagelarvaeandpupaeinsampling
plotsnos2and3Thesewerecollectedandreturned
tothelaboratoryforobservationEmergenceandsur
vivalwerenormalWhetherthesewerespecimenspre
sentwhentreatmentwasappliedanddidnotbecome
infectedorwhethertheywerespecimensthathad
moveddownfromtheupperuntreatedendand
workedtheirwayintothesamplingplotsisunknown
PreviouslaboratorydataMcCrayetal1973had
shownthatpupaeandlarvaethatwerelate4thstage
whenexposedusuallydidnotbecomeinfected

Onthe8thposttreatmentdayCtarsalishadappeared
inthatportionofthetreatedcheckthatstillcon
tainedwaterNumerousCtarsalislarvaewerecol

lectedfromthetreatedanduntreatedchecksandheld

inthelaboratoryforobservationWithinthreedays
allfromthetreatedcheckweredeadandallwerein
fectedNonefromtheuntreatedcheckdiedThese

datarevealedthatthefungushadcycledatleastone
timeandinfectedthenewlyhatchedCtarsalis

Duringthesestudiesmorethan1400aquaticorganisms
fromthetreatedsiteswereexaminedNoinfectionswere

observedinanyofthesespecimens

Discussion

ThestudiesofthelifecycleofthisstrainofLgiganteum
anditshostparasiterelationshipswithculicinelarvaeat
TDLrevealedtwodistinctmodesofactionTheseare

directlycorrelatedwiththeasexualandsexualcyclesofthe
fungus

Onemodeofactionthatinvolvingtheasexualcycle
occursinapermanentorsemipermanentbodyofwaterin
whichthereiscontinuousovipositionthroughoutthemos
quitobreedingseasonInsuchasituationthefungusdevel
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opswithinthebodyoftheinfectedlarvaeandtheresulting
sporangiaproduceandliberateintothewatermotilein
fectivezoosporesThesezoosporesinturninfectother
larvaepresentandthecycleisrepeatedThetimeelapsed
betweeninfectionandsubsequentreleaseofzoosporesde
pendsuponthestageinwhichthelarvaewereinfected
McCrayetal1973andthetemperatureofthewater
McCrayetalInmanuscriptInyoungerlarvaeandin
highertemperaturesthecycleisshorterthaninolderlarvae
andlowertemperaturesThemotilezoosporesareshort
livedanddataavailableatthistimeindicatethatthezoo

sproesprobablydonotremaininfectiveformorethan48
hoursIftherearenolarvaepresentforthemtoinfect
thecycleisinterrupted

Theothermodeofactionthatinvolvingthesexual
cycleoccursinbodiesofwaterthatareintermittentlydry
andfloodedInthissituationthefungusdevelopswithin
thebodyoftheinfectedlarvaeandthosehyphalsegments
thatformantheridiaandoogoniaconjugatetoform
oosporesrestingspores

Datapresentlyavailablerevealthattheseoosporesremain
dormantwithintheinfectedcadaversandarereleasedatthe

timethecadaversdisintegrateTheoosporesremainviable
afterthewaterhasevaporatedanddatafromtestsconduct
edforoneyearinthelaboratoryshowthattheoospores
arecapableofsurvivinginthedormantstateforthatperiod
oftimeWhenthedrydormantsporesarefloodedthey
germinateAlthoughactualgerminationhasnotyetbeen
observedavailablelaboratorydataindicatethatmotile
infectivezoosporesratherthanhyphaeareproducedat
thetimeofgerminationThesezoosporesinfectthenewly
hatchedlarvaeandtheasexualcycleisresumed

Thesetwomodesofactionarepotentiallyoverlapping
cyclesforifabodyofwateronlypartiallydriesupandis
thenrefloodedthoseoosporesneartheedgethatwereex
posedtodryinggerminateandcontributetotheexisting
asexualcycle

InthesestudiestwodistincthabitatswereutilizedAt

theHanfordsiteanintermittentlydryandfloodedhabitat
inwhich1nigromaculiswastheprincipalspeciespresent
thisstrainofLgiganteumdidinfectnaturalpopulationsof
4nigromaculisandallinfectedspecimensdiedFieldpop
ulationsweredramaticallyreducedwithinthreedaysafter
treatmentandtheCtarsaliswhichsubsequentlyappeared
inthetreatedpasturebecameinfectedandallcollectedlar
vaewereinfectedanddied

AttheColusasitestudiesoftheenvironmentrevealed
theprincipalbreedinghabitatforCtarsalistobetherice
fieldsandassociateddrainageditchesInthesingletestsite
whichmostnearlyresembledthenormalbreedinghabitat
asingleintroductionofLagenidiumdidinfectandeliminate
thenaturalpopulationofCtarsalisWhenthetestwaster
minated17daysafterLagenidiumwasintroducedno
larvaecouldbefoundinthissiteTheeffectofthefungus
wasdemonstrablyreducedintheseepageditchesinwhich
wateranalysishadrevealedconditionsknowntobedetri
mentaltothefungusThroughoutthestudiesnonontarget
organismswerefoundtobeinfected

ThesestudiesrevealedthatthisstrainofLgiganteumis
anexcellentcandidateforfurtherevaluationandmorede

finitivetestsareplanned
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HARVESTINGEGGSFROMWILDNOTONECTIDPOPULATIONS

RichardGarcia

UniversityofCalifornia
DepartmentofEntomologicalSciences137GianniniHallBerkeleyCalifornia94720

Overthelastseveralyearstherehasbeenanincreasing
interestinthepotentialuseofnotonectidsformosquito
controlFourspeciesofbackswimmersnamelyNotonecta
undulataNunifasciataNshooteriiandNkirbyiarere
portedtobewidespreadinCaliforniaUsinger1956Sev
eralspecieshavebeenreportedtobeefficientmosquitolar
valpredatorsunderlaboratoryconditionsandinlimited
fieldtrialsHinman1934Bay1967andLee1967Re
centlytherehavebeensomestudiesonpredatorprey
preferenceandbioenergeticswhichaddfurthersupportto
thecontentionthatbackswimmersmayhaveapractical
roleinmosquitocontrolprogramsEllisandBorden1970
TothandChew1972

Itisgenerallyacknowledgedthatwherenotonectidsare
abundantlarvalmosquitoesarenotfoundingreatnumbers
howeverthereislittlescientificevidencesupportinga
causalrelationshipNotonectidsarewellknowngeneral
predatorsandobservationsindicatethattheirpreyconsists
ofvariousaquaticanimalsincludingsmallfishUsinger
1956Theywillalsofeedonnonaquaticorganismsdrop
pedintothewaterinthelaboratoryBueno1905Ellisand
Borden1970

Characteristicallynotonectidsarefoundmorefrequently
inpermanenttosemipermanentwaterswhereasmosquito
problemsaremorelikelytobeassociatedwithmoretran
sientwatersourcesThusacrucialpointinaresearchpro
gramistoestablishasystemforbridgingthisgapsothatthe
predatorcoexistsintimeandplacewiththemosquitopop
ulationsInordertoevaluatenotonectidsasapractical
meansofmosquitocontrolresearchisneededinthefollow
ingareas1amethodforproductionofthepredator
2asystemforaccumulationandstorage3atechnique
forreleaseand4survivorshipofthepredatorandevalua
tionofitsimpactonmosquitopopulationsDiscussionwill
bedevotedtothefirstoftheseresearchneeds

Therearegenerallytwoapproacheswhichappeartobe
promisingforfulfillmentofthefirstoftheaboverequire
mentsOnewouldbetocolonizethepredatorsothatthe
desirablestageofthepredatorwouldbeavailablewhen
neededandthesecondwouldbetousenaturalpopulations
asthecolonyandperiodicallyharvestthedesiredstage
Bothapproachesarebeingtakeninthislaboratoryhow
evermyremarkswillberestrictedtothesecondapproach

AllstagesofNkirbyicanbecollectedinthefieldDue
tothefragilenatureofthenymphalinstarsandthemobility
oftheadultsthesestageswereexcludedfromconsidera
tionTheeggstagewasconsideredtobethebestcandidate
becauseitisrelativelyeasytohandle

Eithercolonizationoftheinsectforeggproductionor
harvestingtheeggsdirectlyfromthefieldrequireasystem
forslowingorhaltingdevelopmentsothatrelativelylarge
numberscanbeaccumulatedforreleaseduringthemos
quitoseasonSjogrenpersonalcommunicationhasdemon
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stratedeggstorageispracticalwithNunifasciataLow
temperaturestorageofNkirbyiappearsfeasiblealso

Asmentionedaboveoneapproachtoutilizingnotonec
tidsformosquitocontrolistotakeadvantageofnaturally
occurringpopulationsasameansofsupplyingindividuals
forlaterreleaseTheremainderofthispaperwilldealwith
harvestingofeggsfromwildNkirbyipopulationsThis
speciesaswellasseveralothersreadilyusesubmerged
vegetationasovipositionsitesinnaturalwatersourcesLarge
numbersofeggshavebeenobservedonlivinganddeadplant
materialhangingintoandemergingfromthewatersources
Inthelaboratorythisspecieswilllayeggsonavarietyof
substratesincludingsubmerged4inchandrhinchhardware
meshclothplasticandmetalscreensandthewallsofglass
metalandwoodwatercontainersItappearsthatamajor
requirementisasurfacestructurethatadultfemalescan
grasp

Theuseofartificialovipositionsiteswasfirstattempted
atanoxidationpondoutflownearVacavilleSolano
CountyBroomstrawsapproximately6inches12inches
and15incheslongwereinsertedinto3ftwoodenlath
floatsThestrawsinclustersofthreewereplacedindrilled
holesapproximatelyoneinchapartsothattheydescended
verticallyintothewaterBroomstrawswereselectedbe
causetheyareinexpensiveeasytohandleandbiodegrad
ableEggsweredepositedonthestrawsandcountsofup
to2to3eggsperstrawforeachdayofexposurehave
beenrecordedOvipositionhasbeenrecordedfromDecem
berthroughMayhoweveritissuspectedthattheperiodof
ovipositionisactuallylongerthansofarobservedThe
highestlevelsofeggdepositionhavebeenrecordedin
FebruaryMarchandApril

Theuseoffloatsforsecuringthebroomstrawshasbeen
abandonedprimarilybecauseofvandalismatthestudy
siteAnalternativesystememployingaoneinchwidealu
minumlathabout4ftinlengthwithapproximatelythe
last12inchesateachendbentatrightanglestoformlegs
hasprovensatisfactoryBroomstraws3to6percluster
aresecuredverticallybyinsertingtheendsthroughsmall
holesdrilledoneinchapartthroughthehorizontalportion
ofthelathThisaluminumrackisthenentirelysubmerged
intheproperdepthofwatersothatthelegsstickintothe
mudbottomsupportingthehorizontalportiontwoorthree
inchesbelowthewatersurface

Anumberofaquaticinsectsusethestrawsforoviposi
tionsitesTheseincludebesidesNkirbyiNundulataN
unifasciataNshooteriiseveralcorixidspeciesandasingle
tropisternussp

Insummarythemethoddescribedaboverepresentsonly
aportionofthefirstphaseoftheexperimentalworkneces
saryinevaluatingnotonectidsasmosquitocontrolagents
Itdoeshoweverlendencouragementforcontinuedeffort
alongtheselinesofinvestigation
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INEXPERIMENTALMOSQUITOCULEXBREEDINGHABITATS
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INTRODUCTIONAcriticalneedexistsforeffective

biologicalcontrolagentsinmosquitocontrolasalternatives
tochemicallarvicidesOnepotentiallyusefulbutlittleex
ploredgroupofbiologicalcontrolorganismswhichattack
mosquitolarvaearefreshwaterhydraHydrawereknown
tobeeffectiveinkillingculturedmosquitoesthroughsting
ingorconsumptioneversinceHargreaves1924reported
acompleteengulfmentofTheohaldialarvaebyHydra
speciesinItalyAdditionallaboratorystudiesonHydra
vulgarisPallashaveshownthisspeciestobeaneffective
mosquitodestroyerHamlynHarris1929Twinn1931
Stephancides1960In1969QureshiandBayquantified
thedestructivecapacityofHamericanaHymenin1212
literfilteraquariaBay1967Theirworkshowedhighly
significantreductionsinmosquitodensitiesTheysuggested
thathydramightbeusedpracticallyifthemassproduction
ofthecatedembryoswereeconomicallyfeasibleTheroleof
hydrainnaturalcontrolHamlynHarris1929andtheir
practicaluseinmosquitoabatementLaird1956Stephan
ides1960QureshiandBay1969LegnerandMedved1972
havebeenalludedtofrequentlyThuslargerscalefieldex
perimentswerecalledforaswellasaninvestigationintothe
comparativebehaviorofdifferenthydraspeciesThisreport
discussesresultsofpredationexperimentsweconducted
withtheEuropeangreenhydraChlorohydrauiridissima
PallasinsimulatednaturalhabitatsofCulexpeusSpeiser
andCpipiensquinquefasciatusSayduring1972andela
boratesonthecharacteristicsofhydrathatindicatetheir
potentialeffectivenessforbiologicalcontrol

MATERIALSANDMETHODSStockculturesofthe

EuropeanstrainofChlorohydrauiridissimaobtainedfrom
theUniversityofCaliforniaIrvinelweremaintainedunder
controlledlaboratoryconditionsaspreviouslydescribed
LoomisandLenhoff1956LenhoffandBrown1970

Hydraweretestedfortheiradaptabilitytowaterin80
mmpetridisheseachfilledtoadepthof20mmwiththe
watertobetestedTwentyCuiridissimawereevenly
spacedinagivendishandgradedforadaptibilityaccording
to3criteriaselectedtodescribetheirphysicalcondition

Thegradingswereasfollows

Welladapted tentacleswellstretchedandbodynormal
Intermediate tentaclesandbodyhalfretractedorshrunk

Poorlyadapted tentaclesandbodyshrunkintoaball
shapeandwithrarerecoverycapability

IDrHMLenhoffPathobiologyLaboratory
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InpredationtestsonCulexspecieshydrawereintro
ducedinto24separatemfiberglasstankseachdividedin
halfby118meshcmsaranscreenwithmosquitoemer
gencetrapsfixedincoversatthetopFigs1and2The
baseofeachtankwascoveredwith38cmofcoarsesilica

sandintowhichwereplunged2025cmlongbamboo
sticksspaced102cmapartWaterflowwasadjustedata
constantrateof2600litersperdayforallunitsAmetalion
neutralizingagentEDTAversineLenhoffandBrown
1970wasreleasedbydropletsfromabovethefiltering
tanktosimulatenaturalwaterconditionsFig1Mosquito
larvalbreedingwasstimulatedbytheintroductionof
freshlyhatchedCulexpeuslarvaein4densitygroupsof6
replicateseach2550100and250larvaeperdaybegin
ningonemonthinadvanceofhydraintroductionSuffi
cientlarvalfoodwassuppliedthroughtheadditionof2
gdayofpoultrychickstartermash

Hydrawereinoculatedineachhalfofadividedunit
attherateof500eachappliedhomogeneouslytothewhole
surfaceareausingthechilledvolumetricmethodLenhoff
andLoomis1957AlargenumberofCpeaslarvae4700
daywereeasilyobtainedinAugustandSeptemberinthe
formofeggraftsfromenclosedcontrolledseminatural
breedingsystemsdevelopedattheAquaticResearchLabor
atoryRiversideLegnerandMedved1972Fig1Culex
pipiensquinquefasciatusbecamesimilarlyavailableinOcto
berMosquitodestructionwasassessedthroughadultmos
quitoemergenceand destructioncalculatedwiththefor

mula

Noadultsemergedwithhydra
Destruction 100Noadultsemergedincontrol x100

Althoughageneralmethodofsamplinghydrawas
knownforfieldsituationsKanaev1952Southwood
1971thespecifictechniquedevelopedforourexperiment
wasarandommethodinwhich4bamboosticksweredrawn

atrandomandattachedhydracountedatweeklyintervals
duringthetestperiodFig3Theadaptabilityofthe
populationwasperiodicallycheckedandcomparedtothat
ofnaturalpondwatersinthevicinityofRiversideLenhoff
etal1969Growthratesofhydrainthesubsequentin
tervalsoftimewerecalculatedfromthenumberofhydra
counted

RESULTSANDDISCUSSIONAdaptabilityofCviri
dissimatoExperimentalWaterAdaptabilitytestsofC
uiridissimatoexperimentalwatershowed9165 9335

werewelladaptedinSeptemberandOctoberrespectively
Table1Theexperimentalwaterinthesetestswassimilar
tonaturalwaterswhereCulexspecieswerefoundbreeding
suchasLakeHole9165 andstandingwaterontheUni
versityofCaliforniaRiversidecampus9000 However
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Table1ProportionofwelladaptedChlorohydraviridissimatoexperimentalmosquitobreedingwatercomparedwith
naturalwaterstestedinthelaboratoryRiversideCalifornia1972

CollectionDate

July 8

July 9

July 8

July 23

Aug 5

Aug 7

Sept 1

Sept 2

Oct 1

Oct 9

Locality

LakeEvansRiverside

1Tentacleswellstretchedandbodynormal

220hydra pereachof3replicaes

LakeEvansRiverside
LakeHoleRiverside

StandingwaterUCRcampus
StandingwaterUCRhousing

area

ExperimentalwaterUCR
MockingbirdReservoir

Riverside

ExperimentalwaterUCR
LakeHoleRiverside

MeanNo

Welladapted

1967

1967

1833

1800

1733

1833 9165 Culexsp
1867 9335

1867

1867

Percent

Welladapted

9835

9835

9165

9000

8666

9335

9335

3Larvalbreedingnotdetectedtut abitingcollectionofCulexpipiensquinquefasciatuswasmade

itwasmorefavorablethanputrifyingstandingwatersam
pledattheuniversityhousingareawhereonly8666of
thetesthydrawerewelladapted

PredationinExperimentalCulexLarvalHabitatsThe
firstsignificantCpeuspopulationreductionwas5546
overalldensitiesrecordedoneweekafterhydrainoculation
withthehigherpercentreductionsproportionaltohost
densityTable2Thepredatormaintaineditseffectiveness
abovethelevelof50destructionthroughouttherestof
themonthinallgroupsofhostdensitiesexceptthelowest
densityinwhichpredationappearedunstablefluctuating
between1836and42 withanaveragepercentdestruc
tionofonly1195Table2TheaverageforSeptember
showedthatthemosteffectivepredationoccurredatthe
highestmosquitodensity5502 thepredatoractingin
anobviousdensitydependentmannerTable2Predation
morethantripledwhenthehostdensitywasdoubledfrom
thelowestdensity25larvaedaytothenexthighestden
sity50larvaedayPredationwasenhancedwhenthearea
ofcontactinagivenvolumeofenvironmentwasnarrowed

DestructionofCpquinquefasciatuswasgreaterin
OctoberTable3hydrapredationbeingeffectiveinkeep
ingthisspeciesatalowerlevelthanCpeusinSeptember
Apparentlythehydrapopulationwaswellestablishedby
theendofSeptemberTable4andtheeffectofpredation
wasincreasedthroughthegrowthandmultiplicationofthe
hydraAlthougharapidgrowthrateofgreenhydraof12
to35dayswasreportedLenhoffandBrown1970Mus
catine1961inourexperimentsamplingshowedapopula
tiondoublingapproximatelyevery30daysTable4This
growthratewaslinearlyrelatedintimeSlobodkin1966
inalldensitygroupsexceptthe100larvaedaydensityin
whichthehydrapopulationdecreasedinthesamplestaken
bothonSeptember16and20forunknownreasonsThe

Mosquito
Breeding

Culexsp
Culexsp
Culexsp
Culexsp

Cutersp
3

dropinhydradensityatthecitedhostdensitywasaccom
paniedbyaslightlylowerdestructivecapacityTable3
Thehydrapopulationreacheditsgreatestdensityinthe
50larvaedayhostdensity

AttributesofHydraForBiologicalMosquitoControl
Theforegoingresultsshowthathydraarepotentiallyeffec
tiveasbiologicalcontrolagentsforsustainedfreshwater
mosquitolarvalcontrolUnlikepredaciousinsectsandmos
quitofishGambusiahydracanbeeasilymassproduced
bythemillionsLoomisandLenhoff1956Lenhoffand
Brown1970andnodangerofcannibalismexistswhenthey
candoublein124daysdependingonthespeciesLen
hoffandBrown1970Hydraproducesemidormanten
cystedembryoswhichmaybestoredanddisseminatedwith
convenienceBecausehydracannotdispersereadilybeyond
theirimmediatehabitatpendingfavorableconditionsto
theirsurvivialtheyreproduceintheenvironmentintowhich
theyareintroducedHydralikepathogenscanbeusedin
watersthataretooshallowortootemporaryforapplying
larvivorousfishesAlsohydrakillorganismslargerthan
themselvesandtheyarenothostspecificThusthreebasic
requirementsofbiologicalcontrolorganismsaremetin
hydra1amenabilitytomassproduction2easeof
storageand3practicalityofapplyingtoinfestedareas

OtherAdvantagesOnceahydrahasingestedamos
quitolarvaitinitiatesabudgivingrisetoanewindividual
Thereforethemoremosquitoesconsumedthegreaterthe
chanceforincreasinginsufficientnumberstoeradicate
mosquitoesinahabitat

Intheabsenceoffoodhydradonotdiebutmerelyre
ducetheirsizebylosingcellsatthetipsoftheirextremities
Growthresumesupongainingnewfoodandreproduction
followsGreenhydrawhichharborsymbioticalgaeintheir
bodiessurviveintactlongerthanthosewithoutsuchsym



Table2Averagenumberadultmosquitoesemergedandpercentreductionbynlunrhvdraeiridissirrinoculatedinbreed
inghabitatswith4differentdensitiesofilexpeaslarvae 6replicatesSeptember1through301972

Collection

Date

25larvaeday 50larvaeday

Con Trt Con Trt

Sept1 MeanNo 1183 1250 1500 1167

Reduct 563 2222

Sept5 McanNo 1458 1567 1150 1050

Rcduct 742 869

Sept7 MeanNo1233 900 1467 1150

Reduct 2702 2159

Sept9 MeanNo 817 967 833 467

Reduct 1836 4400

Sept11 MeanNo 750

YRcduct

Sept13 McanNo 950 733 633 117

Reduct 2280 8157

Sept15 MeanNo 1317 1067

Reduct 1898

Sept17 MeanNo 1250 1050 433 167

Rcduct 1600 6153

Sept19 MeanNo 1017 917 317 250

Reduct 983 2105

Sept21 MeanNo 933 533

Redact 4285

Sept23 MeanNo 883 600

Reduct 3207

Sept27 MeanNo 500 475 567 267

Reduct 500 5241

Sept29 MeanNo 500 450 1133 250

4Reduct 1000 7794

TOTAL MeanNo 984 865

Reduct 1195

biontsMuscatineandLenhoff1965Slohodkin1966
Persistenceatasizesuitableformosquitopredationcanbe
aslongas2months

Hydrahaveevolvedamechanismtoformsemidormant
thecatedembryoswhenunfavorableconditionsarisesuch
asthedryingupofthehabitatlackoffoodorcold
Rutherfordetal1964andaccumulatedmetabolites

100larvaeday 250larvaeday Subtotal

Con Trt Cott Trt Con Trt

3017 3233

662

3583 2917

1860

2400 2758 4458 3533 9467 8908

1493 2074 589

2233 817 3600 933 8533 3800

6343 7407 5546

1100 550 933 250 3683 2233

5000 7321 3936

733 817 383 1383 617 1167 350 4117 2083

222 5306 5542 7000 4939

917 683 650 483

2545 2564

567 217 1583 583 1083 483 4550 2183

6176 6315 5538 5201

2167 617

7153

933 817 3300 1083 1483 533 6650 2967

1250 6717 6404 5539

467 383 2783 583 883 517 5017 2083

1785 7904 4150 5847

1675 525

6831

832 514 2071 1047 1665 860 5552 3274

4124 5001 5502 4507

tCon controlTrt treatmentHydra
2 Reduction 100treatmentcontrolx100

90significance 95significance 99significanceMatchpairedttest

758 217

7065

9283 8367

771

133

3150 2017

3596

983 350 4833 2183

6440 5482

2100 767 1283 317 4717 2250

6349 7532 5230

3492 1483

5752

2267 800 783 300 4683 1800

6470 6170 6157

Loomis1964andtheseembryoshavebeenobservedto
remainviableforperiodsexceeding2months

Hydracanreproduceinawiderangeofenvironmental
conditionssuchasinwaterpHof4278andinlowoxy
gentensionsLenhoffandLoomis1957Loomis1954
Theirtoleranceofchemicalpollutionisindicatedbytheir
survivalfordaysin104MKCNHMLenhoffpersonal
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FIG1Onemetersquarefiberglasstanksequippedwith
waterflowandqualitycontrolandscreenedplasticemer
gencetraps

FIG2Anindividualonemetersquarefiberglasstank
showingdividedhalvesandseparateemergencetrapsfor
treatmentandcheckportionsofhydrapredationexperi
ments

FIG3Hydrasamplingmaterialsshowingabamboo
sticksampledrawnfromthetreatedhalfofatankon
whichhydraareattachedInstantaneouscountingisessen
tialformaximumaccuracy

communicationAlsospeciesdifferintheirtoleranceof
temperatureswithobservedrangesof38 40CEakin
1961Loomis1954Thereforeitmaybebesttousehydra
speciesthatarenaturallypresentandadaptedtoparticular
problemhabitatsformosquitocontrol

ContinuedstudiesinconjunctionwithDrHMLenhoff
oftheUniversityofCaliforniaIrvinewillexplorethepossi
bilitiesforusinghydraasbiologicalcontrolagentsofmos
quitolarvaeSufficientquantitiesofselectedhydraspecies
willbeproducedforlargescalefieldtrialsagainstCulex
tarsalisandAedesnigromaculisinCaliforniaDetermina
tionswillbemadeofthemosteffectivespeciesofhydrafor
differentseasonsanddifferentconditionsofwaterquality
andmethodssoughtformassproductionretrievaland
storageofhydracystsaswellasforbreakingcystdor
mancy
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Table3AveragenumberadultmosquitoesemergedandpercentreductionbyChlorohvdraniridissinuainoculatedin
breedinghabitatswith4differentdensitiesofCulexpipiensquinquefaseialuslarvae 6replicatesOctober1through31
1972

Collection

Date

25larvaeday
1

50larvaeday

Con Trt Con Trt

Oct 1 MeanNo 967 400 400 267

Reduct 5862 4667

Oct 3 MeanNo 450 217 400 050

Reduct 5185 8750

Oct 5 MeanNo 700 383 250 100

Reduct 4523 6000

Oct 7 MeanNo 633 417 433 167

3421 6153

Oct 9 MeanNo 850 433 150 033

Reduct 4901 7777

Oct11 MeanNo 400 033 217 050

9166 7692

Oct13 MeanNo 100 017

Reduct 8333

Oct17 MeanNo 117 025 025 017

7857 3333

Oct21 MeanNo 225 125 175 033

Reduct 4444 8095

Oct25 MeanNo 625 150 092 000

Reduct 7600 10000

Oct29 MeanNo 275 167 217 025

Reduct 5757 8846

TOTAL MeanNo 486 211

Reduct 6095

1Con controlTrt treatmentHydra

2Reduction 100treatmentcontrolx100
90significance
95significance
99significanceMatchpairedttest

QureshiAHandECBay1969SomeobservationsonHydra
americanaHymenasapredatorofCulexpeusSpeisermos
quitolarvaeMosqNews293465471

RutherfordCLDHessingerandHMLenhoff1965Introduc
tionofrhythmicdifferentiationofovariesinChlorohvdra
viridissimaAmerZool5722

SlobodkinL1966ExperimentalpopulationsofhydraAnimal
EcolSuppl33131148

7347

017 000 250 067

10000 7333

100larvaeday 250larvaeday Subtotal

Con Trt Con Trt Con Trt

2450 650 750 050 4667 1367

1600 883 683 167 3133 1017

7392 6077

6354 7560

1983 1100 1150 333 4083 1917

4454

1900 867 867 033 3833 1450

5614 9615

1700 583 517 100 3217 1150

6568
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9333 7071

6755

7101 5306

6217

5065 6424

567 167 500 150 1683 400

7058 7000 7623

258 075

7096

908 275 683 075 1992 508

6972

067 033

5000

083 033

6000

433 117

7307

483 150

6896

8902 7447

708 467 575 183 2000 800

3411 6811 6000

825 442 767 125 2083 708

4646 8369 6600

225 067 1195 476 604 117 2510 871

7614 6695

SouthwoodTRE1971Absolutepopulationestimatesbysam
plingaunitofhabitatfreshwaterhabitatsp158167In
TRESouthwoodedEcologicalMethods391p

StephanidesT1960Ontheinfluenceofthehydrainmosquito
controlPraktikaHellenicHydrobiolIns715

TwinnCR1931Observationsonsomeaquaticanimalandplant
enemiesofmosquitoesCanadEnt635161
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Table4AveragenumberofChlorohydraviridissimasampledfrom4randomlyselectedbamboostickspertankreplicate
followinginoculationinCulexspplarvalbreedinghabitatof4differentdensities 6replicatesSeptember7throughOcto
ber311972

SampleDate

Sept8
Sept12
Sept16
Sept20
Sept24
Sept28

Oct 8

Oct16

Oct24

Oct31

AverseNumberHydraper4Sticks
25larvaeday 50larvaeday 100larvaeday 250larvaeday Subtotal

2333 7483 9467 7300 26583

3583 7850 17017 10717 39167

4350 10150 19050 8783 42333

4800 11433 10483 8850 35567

8750 16283 11150 11800 47983

12783 19850 10767 12033 55433

14683 21050 13950 15417 65100

18083 20383 12983 18417 69867

17383 22517 12133 20767 72800

16433 22933 12300 20767 72433



INTROD1T10NInapreviousreportSchaeferand
Wilder1972wedemonstratedthatthedevelopmentalin
hibitorZR515isopropyl11methoxy3711trimethyl
24dodecadienoatehadthepotentialofcontrollingOP
resistantledesnirrornaruliclarvaeunderfieldconditions
atratesaslowas18lbAHowevertheapplicationshadto
hecarefullytintedsothatmediumtolate4thstagelarvae
weretreatedtheresiduesfollowingapplicationofZR515
ECemulsifiableconcentratewerenotsufficienttocontrol
earlierstagelarvaeDuring1972furtherstudiesshowed
thatwhenECapplicationswereverycarefullytimed
againstlate4thstagelarvaedosesaslowas18lbA
werehighlyeffectiveagainstfieldpopulationsitwasalso
quiteapparentthatsuchtreatmentswerenoteffectivewhen
mixedorearlieragedpopulationswerethetargetSchaefer
andWilder1973Itwasobviousthatsuchcriticaltiming
oftreatmentswouldnotallowforoperationalfeasibility
RecognizingthatZR515hadhighinherentbiologicalactiv
ityagainst1nirronuuvilixwesoughttofindformulations
thatwouldofferlongerresidualactivity

MITHODSANDRistNumerousformulations

wereevaluatedduring1972thathadnoapparentincrease
inresidualbiologicalactivityascomparedtotheECHow
everoneformulationwasfoundthatshowedrealpromise
thiswasa10flowableliquidslowreleaseformulation
whichwascompsoedofrnicroencapsulatedparticlescon
tainingZR515inawaterhaseOnJuly11972apond
wastreatedwiththisformulationatadoseof035Ib

AlAAI activeingredientThebioassayresultsaregiven
inTable1

Table1Bioassayofpondwatertreatedwith035Ib
AlAof10flowableliquidformulationofZR515

Samplingtimedays
aftertreatment

Bioassayresults
mortality

IImmediatelyaftertreatment

PONDTESTSWITHZR515 BIOLOGICALANDCHEMICALRESIDUES

CHSchaeferEFDuprasJrandWHAAilder

UniversityofCalifornia
MosquitoControlResearchLaboratory5545lastShieldsAvenueIresnoCalifornia93737

1 5

10097 80 75 17 5

Inpercentinhibitionofadultemergenceof4thstageCulrxpipiens
nuinquefaseiatuslarvaeaddedandrearedinthelaboratory

Basedonthesefindingswethenconductedextensive
testsusingthis10flowableliquidformulationbyhand
sprayerandbyaircraftonfieldpopulationsofOPresistant
1nirronmenlislarvaeTestsinboththeSanJoaquinand

Sacramentovalleysshowedthatthisformulationcould
achievepracticalcontrolofmixedstagepopulationsof1
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nirromnrulieandgoodresultswereobtainedatdosesdown
to140lbAlAScaheferandWilder1973

Sinceitappearedthatthisformulationwouldprovidea
practicaltoolforcontrolling1nirromaeulispopulations
cooperativetestsweremadewiththepersonneloftheUS
BureauofSportsFisheriesandWildlifeattheKernRe
searchArea20mileswestofDelanoCaliforniaFormula
tionsweresuppliedbyZoeconCorporationTheponds
300x60ftx10weretreatedataratewhichappeared
likelyfortheoperationalcontrolofmosquitolarvae05
lbAlAandat5and10timesthisrateTwoformulations
weretestedateachrate1the107rflowableliquidde
scribedaboveand2a5flowableliquidsimilartothe
10 exceptthatthemicroencapsulatedparticlescontained
a11mixtureofZR5I5andTenoxOacommercialanti
oxidantThetestformulationsweremxiedwithapproxi
mately23gallonofwaterinahandsprayerandappliedto
agiventestpondApplicationsweremadeatearlymorning
hoursbeforewinddriftwassignificantShortlyaftertreat
mentandat24hourintervalsthereafterawatersamplewas
takenalongthenorthandthesouthbordersofthecontrol
andtreatedpondsthesewerebioassayedwithCalyx
pipienequinquefasrininslarvaebyprocedurespreviously
describedSchaeferandWilder1972

Theresultsofbioassayingpondwaterimmediatelyafter
treatmentandthenatdailyintervalsfor3daysisshownin
Table2itappearsthattheTenoxformulationoffered
moreresidualactivityonthethirddayatall3dosesThese
resultswereveryencouragingsinceahighdegreeofbiologi
calactivitycontinuedfora3dayperiodAlsothebioassay

Table2Bioassayofwaterfromtreatedpondswith
4thstage011erpipienstluingnefusrialuslarvaeininhibi
tionofadultemergence

Dose Samplingtimedaysaftertreat
FormulationIbAlA 0 1 2 3

10Std 05 100 49 62 0

5 T 05 100 40 40 32

10 Std 25 100 82 100 46

5T 25 100 91 100 59

10Std 50 100 86 100 49

5T 50 100 82 100 73

110flowableliquidcomposedofiicroencapsulatedparticlescon
taining7R515inawaterbase

5flowableliquidcomposedofmicroencapsulatedparticlescon
taininga11mixtureofR515andTenorinawaterbase
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Table3ResiduesppmofZR515inpondwateroftheKernResearchAreaponds asdeterminedbygasliquidchroma
tography

Dose

Formulation 1bAIA

10Std 05

5T 05

10Std 25

5T 25

10Std 50

5T 50

2

north south north

wasdoneusingCpquinquefasciatuslarvaewhichare
muchmoretoleranttoZR515thanare4nigromaculis

Forchemicalanalysis600mlwatersamplesweretaken
fromtheupper2inchesalongthenorthandsouthborders
ofthecontrolandtreatedpondsthesewereextractedin a

fieldlaboratoryadjacentlothepondsandtheextracts
weretransportedtotheFresnoLaboratoryforquantitative
analysesbygasliquidchromatographyDetailsofthispro
cedurehavebeendescribedSchaeferandDupras1973

ThechemicalresiduesareshowninTable3At2and
12hoursfollowingtreatment5ofthe6treatedponds
showedhigheramountsofZR515alongthesouthborder
whichwastheleesidebutthisdifferencedoesnotappear
toexistat48or72hoursThechemicaldatadoesnotshow
agreaterconcentrationofZR515inthe5Tenoxtreated

pondsascomparedtothe10standardformulationat
72hoursor3daysasindicatedbythebioassaydataTable
2Furthercomparisonsoftheseformulationsseemneces
sary

Thechemicalandbiologicalassaysofthetreatedponds
showasteadyandratherrapiddepletionofZR515from
thewaterthisindicatesthatZR515dissipatesquicklyand

Samplingtimehoursaftertreatment
12 24 48

110Plowableliquid composedofmicroencapsulatedparticlescontainingZR515inawaterbase

south north scuth north south north south

076 046 010 023 007 006

056 075 014 017 008 008

199 395 058 030 018 018 008 010 009 008
260 279 056 083 026 036 013 012 009 011
320 544 080 103 028 025 010 022 010 010
204 296 084 190 052 034 025 018 011 009 0

25Iowableliquid composedofmicroencapsulatedparticlescontaininga11mixtmixtureofZR515andTenoxinawaterbase

isafavorableattributeinrelationtocurrentconcernsrela
tivetoenvironmentalpollutionresultingfrompesticideuse
Otherchemicalresiduestudiesconductedduring1972have
givensimilarresultsSchaeferandDupras1973
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LABORATORYANDEXPERIMENTALANDOPERATIONALFIELDEVALUATION

OFMOSQUITOLARVICIDES

MirSMulla HusamADarwazeh andRobertDSjogren

INTRODUCTIONStudiesontheefficacyofnewand
commerciallyavailableinsecticidesagainstmosquitolarvae
wereinitiatedinthelaboratoryandfieldEventhoughlar
vaeofseveralspeciesofmosquitoesmanifestlowtohigh
levelsoftolerancetomanycurrentlyusedorganophosphate
insecticidestherestillaregoodpossibilitiesforfindingef
fectivecompoundsinthisgroupofchemicalswhichwillbe
effectiveagainstmanyresistantpopulationsforaperiodof
timeWiththeseobjectivesinmindthecurrentlaboratory
andfieldinvestigationswereembarkedupontoevaluatevar
iousexperimentallyavailablecompoundsEmphasiswas
placedoncompoundswhichhavegoodpotentialforbe
comingcommercialforthecontrolofcropandotherinsect
pestsItisverylikelythatmaterialsdevelopedforthesepur
poseswillbemoreeconomicaltouseinmosquitocontrol
thanthosespecificallydevelopedfortheabatementofmos
quitopopulationsSeveralofthecompoundsstudiedareof
novelstructuresandhavedifferentmodeofactionthanthe

organophosphatelarvicides
METHODSANDMATERIALSBiologicalactivityof

thevariouscompoundsinthelaboratorywasstudiedin
themannerdescribedbyMullaetal196619691970
1972Technicalmaterialsweredissolvedinacetoneor
otherappropriatesolventSerialdilutionsweremadefrom
thestocksolutions10or01 andtestedagainst4th
stagelarvaeofalaboratorycolonyofCulexpquinque
fasciatusThetestswereconductedin4oztreatedpaper
cupseachsuppliedwith100mltapwaterpH7580and
204thinstarlarvaeThetoxicantswereaddedtothecups
as1mlorlessofthedesiredtoxicantsolutionAftertreat

mentthecupsweremaintainedatroomtemperature75
78Controlswererunconcurrentlywitheachtest
After24hoursofexposuremortalityoflarvaewasassessed
ineachcupMoribundlarvaewerecountedasdeadToob
tainarepresentativeLDPlineeachmaterialwastestedat
35concentrationson34differentdaysEachconcentra
tionwasreplicated23timesonagivendayThevaluesob
tainedwereaveragedandadosageresponselinewasdrawn
foreachmaterialandtheLCandLCdetermined

Inexperimentalpondstudiesemulsifiableconcentrate
orotherformulationsofthevariousmaterialswereapplied
asdilutespraysbymeansofapressurizedcansprayeror
householdwindowwasherThetotalvolumeofsprayap
pliedwas28gallonsperacreForassessingthelarvalpop
ulation510dipsweretakenbeforeand24or48hours
posttreatmentThelevelofcontrolwascalculatedfrom
thelarvalcountspreandposttreatment2448hours

1
DepartmentofEntomologyUniversityofCaliforniaRiverside

California92502

2KernMosquitoAbatementDistrictP0Box1271Bakers
fieldCalifornia93302
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Infieldevaluationemulsifiableconcentrateformulations

weredilutedwithwaterorARCOlarvicidaloilandapplied
byairorgroundequipmentThevolumeofsprayapplied
bythegroundequipmentwasintherangeof510gallons
peracrewhilethevolumeappliedbyairwasfromafew
ouncesto05gallonperacreLarvalpopulationswereas
sessedbytakinganywherefrom1030dipsperplotorfield
preandposttreatment24hoursThelevelofcontrolwas
calculatedfromthemeannumberoflarvaefoundinpre
andposttreatmentsamplings

A5granularformulationofcarbofuranFuradan
wasextensivelytestedThematerialwasappliedmanually
byusinghornseederapplicatorsThismethodofapplication
doesnotprovideforgoodpenetrationofthegranules
throughplantcoverAnidealapplicationmethodforgran
uleswillbebroadcastersmountedonairplaneamethodby
whichthegranuleswillprobablypenetratemuchbetterdue
tothedowndraftoftheplane

Chemicaldescriptionofsomeofthecompoundsreported
onhereare

AccothionSumithion 00dimethyl04nitromtolyl
phosphorothioate

Aldrinphoto hexachlorohexahydroendoexodime
thanonapthalene

Allethrin 2allyl4hydroxy3methyl2cyclopenten1one
esterof22dimethyl32methylpropenylcyclopro
panecarboxylicacid

BayHOX16192chloro55diethyl2thiono132dioxa
phosphoroinane

BayKUE23022isopropoxyphenylNmethylNdichloro
fluoromethylmercaptocarbamate

BayKUE2327 trichloroanalogofabove
BayMEB6046 34dichloro2trichloromethylbenzyl

alcoholacetate

BaySRA7660phenylglyoxylonitrileoxime00dimethyl
phosphorothioate

BayZUM673 22DioxolanylphenylNmethylN
dichlorofluoromethylmercaptocarbamate

BayZUM6762CyclopentylphenylNmethylNdichloro
fluoromethylmercaptocarbamate

Bay889412mthylphenylglyoxylonitrileoxime00die
thylphosphorotioate

Carzol 3 dimethylaminomethyleneiminophenylN
methylcarbamatehydrochloride

CidialPhenthoateethylmercaptophenylacetate00
dimethylphosphorodithioate

Cygon00dimethylSNmethylcarbamoylmethylphos
phorodithioate

Dimethrin24dimethylbenzyl22dimethyl32methyl
propenylcyclopropanecarboxylate

Dyfonate0ethylSphenylethylphosphonodithioate
Galecronciba8514 N4chlorootolylNNdime

thylformamidine
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Gardona2chloro1245trichlorophenylvinyldime
thylphosphate

Matacil4dimethylamiromtolylmethylcarbamate
MeDursbanM319600dimethyl0356trichloro2

pyridylphosphorothioate
N2596 0ethylSpchlorophenylethanephosphonodi

thioate
Padan025dichloro4bromophenyl0methylphenyl

thionophosphorate
PyrethrinpyrethrumprincipallyfromplantspeciesChry

santhemumcinariaejoliurn
SBP1382 5benzyl3furylmethyl22dimethyl32

methylpropenylcyclopropanecarboxylate
Supracide S2methoxy5oxo 134thiodiazolin4

ylmethyl00dimethylphosphorodithioate

RESULTSANDDISCUSSIONLaboratoryThebio
logicalactivityofanumberofnewexperimentalandsemi
commercialandcommercialmaterialswasdetermined

against4thstagelarvaeofCpquinquefhsciatusTable1
Of26materialsevaluated17showedhighlevelofactivity
LC01ppmagainstthetestmosquitoItisworth
notingthatfourmaterialsBayMFB6046BayZUM676
BayKUE2302andCidialwerequitefastactingagainst
larvaeproducingmortalityin34hrsBayZUM676was
alsoanexcellentpupicide

BasicHandBactozymewerenoteffectiveagainstlarvae
FieldInpondstudiesofMidgevilleUniversityofCal

iforniaRiversideprimiphosmethylprovedveryeffective
againsttwospeciesofmosquitoesyieldingcompletecontrol
at005lbacreactivematerialTable2BayHOX1619al
soyieldedgoodcontroloflarvaeproducingcompletekill
at01lbacreactivematerialBASF2350acarbamate
materialdidnotproducegoodcontroloflarvaeattherate
of05lbacre

IntheOasispondsCoachellaValleyRiversideCounty
Californiamostmaterialsevaluatedproducedexcellent
controloftwospeciesofmosquitoesTable3BayZUM
676wasespeciallyeffectiveevenatadosageof001lbacre
activematerial

ActellicprimiphosmethylasitdidintheMidgeville
pondsprovedeffectiveintheOasispondsyieldingcom
pletecontroloflarvaeat005lbacreCidialphenthoate
alsowaseffectiveyieldingcompletecontrolat005lbacre

ThreeexperimentalBayercompoundswereevaluated
butonlytwoyieldedcompletecontrolattherateused
Bay91273didnotproducecompletekilloflarvaeatthe
rateusedBactozymeanorganicbreworblendofun
knowncompositiondidnotyieldlarvalcontrolatthe10
galacrerate

Inearly1973whenthewatertemperaturewasrelatively
cool4255FheavybreedingofCulisetainornata occurr

edintheOasispondsCulextarsaliswasabsentfromthe
pondsduringthisperiodSeveralmaterialswereevaluated

attwodosageseachInthesetestsN2596provedhighly
effectiveyieldingalmostcompletecontroloflarvaeofthis
mosquitoat001lbacreTable4BayKUE2302Bay
SRA7660BayZUM677andBayMFB6046alsoyielded
excellentcontrolatdosagesranging001005lbacreBay
ZUM673wastheleasteffectivecompoundintherangeof
dosagesapplied

Table1Activityofvariousmosquitolarvicidesagainst
4thstagelarvaeofCulexpipiensquinquefasciatusinthe
laboratory1972

Chemical

BayZUM06730048
BayMFB60460022
BayZUM06760006

LethalConcetrationppmL

LC LC Remarks

0075

0050

0011

BayKUE2302 0005 0009

BayZUM06770055
BayKUE2327 0044

BayHOX16190004
BaySRA7660 0003

N2596 00037

Dyfonate 0088

MeDursban

M3196 0001

CidialPhen
thoate 0004

Accothion 0006

Photoaldrin 00015

AC78373 0003

SBP1382C400004
Pyrethrin 0012

Allethrinwith

PipButoxide
12 0020 0040

Gardona 0180 0320

Padan 0100

Dimethrinwith

PipButoxide
11 0100

GalecronCiba
8514 0100

Cygon 0100

BASF2351 0100

Bay88941 0100

Curzol 0100

Matacil 0100

0088

0065

0008

0005

0007

0150

0002

0008

0011

0003

0005

0006

0020

0500

fastacting
fastactingon
larvaeandpupa
effectiveon
pupae

fastacting

CinornatalarvaeintheCoachellaValleyunlikelarvae
ofCtarsalisarequitesusceptibletoorganophosphatein
secticidesTheformermosquitobeingawintermosquito
isnotsubjectedtooperationalalrvicidaltreatmentsItis
possiblethatCtarsalislarvaewhichshowsometolerance
mightrequireslightlyhigherdosagesofthematerialstested

Todeterminetheefficacyoftwoofthemoreeffective
compoundswhicharecommerciallyavailableorcloseto
becomingcommercialPrimiphosMethylandCidialwere
operationallytestedbyapplyingthematerialswithground
equipmentandaircrafttovariousbreedingsourcesofC
tarsalisand4edesnigromaculisinKernCountyCalifornia



Table2Evaluationofnewmosquitolarvicidesagainst
larvaeofCulextarsalisandCpeusinexperimentalbreed
ingpondsMidgeville1972

Materialand DosageAvgnolarvaedip

Formula

Primiphosmethyl

EC 001

005

010

Check

BayHOX1619

EC 001

005

010

BASF2350EC010
025

050

Table3Evaluationofmosquitolarvicidesagainstlarvae
ofCulextarsalisandCulisetainornatainexperimental
breedingpondsOasisCAApril1972

Materialand DosageAvgnolarvaedip

Formulation

BayZUM676

EC

BayKUE2302

EC

Check

ActellicEC

CidialEC

Bay93820

EC
Bay77049

EC
Bay91273

EC
BactoZyme

Check

lbA Pre Post24hr Control

IbA Pre Post Control

001

005

010

001

005

010

001

005

010

001

005

010

6

6

14

8

4

3

5

01 25

01 49

7

4

5

2

44

40

46

67

48

48

01 37

05gal 50

10gal 42

19

ToxictoMayfliesatratesused

2

0

0

13

04

00

00

68

00

00

36

46

01

00

45

00

00

0

0

12

32

84

32

67

100

100

58

65

100

16

15

32

91

100

100

3

100

100

0

98

100

36

100

100

100

68

36

0

0
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Primiphosmethylappliedattherateof01lbacreby
groundequipmentproducedcompletecontroloflarvaein
alltreatmentsexceptthreeTable5Inonecasecontrol
wasnilandintheothertwocasesthelevelofcontrolwas

quitehighCidialproducedessentiallythesametrendpro
ducingincompletebutstillhighcontrolintwoapplica
tions

ThelackofcontrolwithprimiphosmethylandCidialin
thefoursituationscannotbeattributedsolelytotheexist
enceofresistancetoOPcompoundsinthetreatedpopula
tionsPopulationscharacterizedwithhighlevelofOPresist
ancearethoseatFreeborneandJessupandyetatoneof
theselocationsprimiphosmethylyieldedcompletecontrol
AnigromaculisinRanchoSantaMariaischaracterizedwith
lowleveloftolerancetoOPcompoundsandyetthispopu
lationwasnotcompletelycontrolledbytheapplicationof
CidialItthereforeseemsprobablethatbothresistance
andorproblemsofapplicationweatherandpenetration
wereresponsibleforlowlevelofefficacy

Table4Effectivenessofvariousmosquitolarvicides
against4thstagelarvaeofthemosquitoCulisetainornata
inexperimentalbreedingapondsOasisCAJan1973

Chemicaland DosageAvgnooflarvaedip Re

Formulation lbA Pretreat Posttreatduction

Test11873

N2596EC 001 14

005 11

BayKUE2302

EC 101 6

005 12

BaySRA7660

EC 001 12

005 15

Check 7

TestII11073

BayZUM0677

EC

BayMFB6046
75WP

015 99

0 100

5 17

05 95

6 50

2 87

8 0

0025 10 1 90

005 8 0 100

0025 15 12 20

0050 6 03 95

100 BayZUM0673
50WP 0025 7 5

0050 9 12

Check 4 6

30

0

0

aChemicalsweremixedwith90mlofwater2galofsprayAand
appliedwithonepintallpurposesprayerTenclipsweretakenprior
totreatmentand48hoursaftertreatment
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Table5FieldevaluationofprimiphosmethylECandCidialECagainstmosquitolarvaeinvariousbreeding sources

appliedasdiluteaqueousspraysbygroundequipmentattherateof01lbacreactiveingredientsKernCountyCalif1972

Date Location

PRIMIPH0SMETHYL

May 23 Tracy

MapleLeaf
24 SACamp

Voth

SantaMaria

Bryant
Bryant

25 Bryant
SantaMaria

SantaMaria

Jessup
30 Freeborne

Freeborne

Houchin

Roamini

Ghilarduci

June 5 Arvin

AlbertAngus
Baldwin

June 15 WLamDnt

CitySewer
29 Dewyn

Houghton
EUnion

July 31 SantaMaria

SantaMaria

Habitat

Slough
Pasture

Slough
Pasture

Alfalfa

Pasture

Ditch

Ditch

DtichDitch

Pasture7

Pasture56
Pasture6A

Pasture

Ditch

Ditch

Ditch

DtichDitch

Orchard

Slough
WaterValesValves

Reservoir

Ditch

Dairy
Alfalfa

Alfalfa

Pasture10

Pasture74

aCt CulextarsalisCq CulexquinqucfasciatusAn AedesnigromaculisR highlyOPresistantothersarecharacterizedwithlowto
moderatelevelofresistance

bInmosttreatmentswithprimiphosmethylmarked pupalmortalityoccurredPupalmortalityalsooccurredinfewtreatmentsofCidialPupal
mortalitynotincludedin control

InaerialfieldapplicationsPhosvelyieldedexcellentcon
troloflessOPresistantlarvaeinRanchoSantaMariabut
didnotsatisfactorilycontrolhighlyOPresistantlarvaeof
GrantPastureTable6WhenARCOlarvicidaloilwas
usedasthecarrierlevelofcontrolwasmostlyunsatisfac
torywiththeapplicationofPhosvelSupracideandCidial
Althoughdirectcomparativedatafortheefficacyofwater
andoilascarriersordiluentsarenotathandthereisan
indicationthatARCOlarvicidaloilwhenusedinthiscapa
citydoesnotleadtothebestresults

Carbofurangranules5 appliedoperationallybyhand
equipmentattherateof02lbacreactivematerialto
severalbreedingsourcesyieldederraticcontroloflarvae
Table7InmostcasesthelarvalpopulationwasCtarsalis
andthewaterpHhigh75 Inearlierstudiesitwasfound

that5carbofurangranulesdidnotyielddesiredcontrol

Avgnolarvaedip

Species Pre Post

Ct 15 0 100

An 20 0 100

An 18 5 72

Ct 5 0 100

Ct 8 0 100

Ct 10 0 100

An 4 0 100

Ct 4 0 100

An 40 5 88

Ct 10 0 100

Ct 15 0 100

An 15 15 0

AnR 20 0 100

CtR 10 0 100

An 10 0 100

Ct 15 0 100

Ct 20 0 100

Ct 15 0 100

Ct 300 0 100

Ct 3 0 100

Ct 7 0 100

Cq 11 0 100

Cq 20 0 100

An 5 0 100

Mix 6 0 100

An 10 1 90

An 16 2 84

Control

ofCtarsalisinOasispondswherewaterpHisover81
Mullaetal1969Howeverthismaterialproducedex
cellentcontrolofmoderatelytohighlyOPresistant4ni
gronwculisSanchezPastureTulareCountyandSmith
PasturesKernCountymakingpreandposthatchapplica
tionsMullaetal1970

Thepresentfailureofcarbofuraninthesestudiescould
beattributedtospeciesspecificityandorpHofthewater

FromthesestudiesitappearsthatsomeOPcompounds
arestillrelativelyeffectiveagainstresistantmosquitoes
Thesematerialsifcommercializedforcropinsectcontrol
couldalsobeutilizedforaperiodoftimeinthecontrolof
susceptibleandresistantmosquitopopulationsundermany
conditionswhereseveremosquitoproblemsprevail



Table6FieldevaluationofmosquitolarvicidesagainstCulextarsalisandAedesnigromaculisappliedattherateof01
lbacreactiveingredientsbyaircrafttovariousmosquitobreedingsourcesKernCountyCalif

Materialand

Formulation Location

PhosvelEC SantaMaria

Grant

Universal

Grant

SupracideECGrant
CidialEC SantaMaria

SantaMaria

SantaMaria

Malofy
AB

Pasuza

Habitat

Pasture

PastureR
DuckClub

PastureR
PastureR
Pasture71

Pasture7

Pasture74

Desert

DuckClub

DuckClub

aRspeciescharacterizedwithhighlevelofOPresistanceTheremainingpopulationspossessedIotytomediumleveloftolerancetoOPmos
quitolarvicides

Carrier VolA

Table7FieldEvaluationofFuradan5granulesagainstmosquitolarvaeinvariousbreedingsourcesofOPresistant
mosquitoesKernCountyCalif1972

Date LocationandHabitat

August 18 Rimditchoverflow

23 JTSandersalfalfa

25 Rimditchseepage
28 Rimditch

28 Rimditchseepage
30 Rimditchseepage

September 5 Rimditchseepage
7 Gypsummine

14 LAAthleticClub

18 Rimditchseepage
20 PalomaSlough
26 Rimditchoverflow

ARCOLO
Water

ARCOLO

ARCOLO

ARCOLO

ARCOLO

ARCOLO

ARCOLO

ARCOLO

ARCOLO

ARCOLO

pH

aAllapplicationsmadebyhandto400600ftplotsattherateof02lbacreactiveingredient
bCtCulextarsalisAnAedesnigromaculis
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gal 7 3 57
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EVALUATIONOFPROMISINGPETROLEUMOILSFORTHECONTROLOF

ORGANOPHOSPHORUSRESISTANTAE1ESNIGROMACULISMOSQUITOLARVAE
INIRRIGATEDPASTURES

HusamADarwazeh1

CaliforniaStateDepartmentofPublicHealth
BureauofVectorControlandSolidWasteManagement2151BerkeleyWayBerkeleyCalifornia94704

INTRODUCTIONIn1971theoutlookformosquito
suppressioninirrigatedpasturesoftheSanJoaquinand
SacramentovalleysofCaliforniaappearedunfavorableow
ingtoresistancetoallavailableorganophosphoruslarvicides
Womeldorfetal1972Severalpetroleumoilsalsofailed
toachievesatisfactorycontrolwhenappliedbyairatthe
rateof20gallonsperacreResultswereeitherinconsistent
orcompletelyunsatisfactoryagainstthelarvalstagesof
4edesnigromaeulisinirrigatedpasturesDarwazehetal
1972DarwazehandRamke1972SchaeferandRamke
1971andGilliesetal1971

Inresponsetorequestsfromseveralmosquitoabatement
agenciesandwiththecooperationofoilcompaniesthe
studiesreporteduponherewereundertakentoevaluate
newlydevelopedpetroleumoilsunderlaboratoryandfield
conditionstodeterminetheirpossibleuseasmosquitolar
vicidesinthemultiresistantareas

METHODSANDMATERIALSFifteenpetroleumoils
wereevaluatedinthelaboratoryagainstfourthinstarlarvae
obtainedfromalaboratorycolonyofCulexpipiensquin
quefaseiatusknowntobesusceptibletoorganophosphorus
larvicidesThoseoilswhichdisplayedhighbiologicalactivi
tiesagainstthelaboratorystrainwereevaluatedfurther
againstfourthinstarlarvaeofAedesnigromaculiscollected
fromtheGalanispastureinMercedCounty

Methodsutilizedfortheevaluationofpetroleumoils
againstmosquitolarvaeinthelaboratoryweredescribed
byDarwazehetal1972Twentyfivefourthinstarlarvae
wereplacedin800cm whiteenamelpanscontaining
2000mloftapwaterPetroleumoilswereappliedwitha
microsyringeMortalityreadingsweretakenat48and24
hoursaftertreatmentAllpanswerelinedwithaluminum
foiltoavoidcontaminationandwererinsedwithhotwater
followedbyacetoneaftereachtest

Petroleumlarvicidaloilsweretestedagainstthemos
quitofishGambusiaaffinisThemethodofbioassayutilized
inthesestudieswasasdescribedaboveforthebioassayof
mosquitolarvaeInTest110fish0815inchesinlength
wereplacedinapancontaining2000mloftapwaterIn
Test2theamountofwaterwasincreasedto4000mlper
pantoreducetheconcentrationofoilfrom160to80ppm

FieldevaluationswereconductedintheMonteiropas
tureTulareCountytheSmithpastureKernCountyand
theEdnapastureMercedCountyAlltestapplicationswere
madebyaircraftbelongingtotherespectivemosquito
abatementdistricts

1Presentaddress DepartmentofEntomologyUniversityof
CaliforniaRiversideCalifornia92502
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TheTularetestswereappliedwithaPiperPawneePA
25equippedwithtenD6andnineD8nozzlesdelivering
onegalacreat90mphoveranassumedswathwidthof60
feetInordertoapply2and3galacreeachswathwas
flowntwoandthreetimesTheKerntestswereapplied
withaCallairA9Bequippedwith14D6nozzlesdelivering
onegalacreat90mphoveranassumedswathwidthof60
feetwithapressureof40psiToapplytwogalacrethe
numberofnozzleswasincreasedto27whileothercondi

tionsremainedunchangedTheMercedtestswereapplied
withaCallairA9Bequippedwith26size8010nozzles
deliveringtwogalacreatanassumedswathwidthof40
feet

InthefirstTularetestsChevronResearch72R2569
andChevronResearch72R2570wereappliedattwogal
acrewhileChevronResearch72R2593wasappliedat2
and3galacreInthesecondtestsChevronResearch72R
2569andGoldenBear1313wereappliedattwogalacre
Eachtestplotconsistedof15acresofirrigatedpasturewith
adense6to8inchesofvegetationcoverThewaterwas
widespreadand46inchesdeepTestlarvaewerethirdand
fourthinstar1nigroameulisknowntobeorganophosphor
usresistantTable1Larvalcounts25dipsplotwere
takenpriortotreatmentand24hoursposttreatmentinthe
firsttestwhileposttreatmentcountsweremadeat424
and48hoursinthesecondtest

IntheKernCountytestsChevronResearch72R2569
wasevaluatedat1and2galacreThefieldvegetationwas
moderatelydenseand46incheshighandthewaterdepth
was46inchesBothfourthinstarlarvaeandpupaeofA
nigromaculiswerepresentThispopulationismoderately
resistanttoparathionandmethylparathionandsusceptible
tootherorganophosphoruslarvicidesTable1Larval
countsweretakenpriortotreatmentand4and24hours
posttreatment

IntheMercedCountytestsChevronResearch72R2569
andGoldenBear1313wereappliedattwogalacreEach
materialwasappliedtoportionsofthefieldwithopen
wateranddensevegetationThirdandfourthinstarA
nigromaculislarvaeareknowntobeorganophosphorus
resistantTable1Countsweremadeintheopenwaterand
heavilyvegetatedareasbeforetreatmentand414and48
hoursposttreatment

RESULTSANDDISCUSSIONTable2listsbiological
activityofseveralpetroleumoilsagainstCpquinquefasci
atusinthelaboratoryAllmaterialsshowedhighactivityat
ratesofonegalacreandlessat05and025galacre
Laboratorymeasurementsshowedthatthecompoundsat
onegalacreweresomewhatlessactiveagainstfourthinstar
AnigromaculisTable3
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Table1SusceptibilitylevelsoffourthinstarAedesnigromaeulislarvaetovariousorganophosphoruslarvicidesinplots
usedfortheevaluationofpetroleumoilsJulyAugust1972

Source

Kern

Tulare

Merced

Table2LaboratoryevaluationofpetroleumoilsagainstCulexpipiensquinquefaseiatuslarvaeFebruaryMarch1972

PetroleumOil

ChevRes72R2569

ChevRes72R2571

KernMAD492

GoldenBear1313

Check

PetroleumOil

ChevRes72R2569

GoldenBear1313

KernMAD492

FlitMLO

Check

Pasture

Identification

Smith

Montiero

Edna

70

4

66

8

Malathion MethylParathionParathion Dursban Fenthion

LC LCLC90 LC LCLC90 LC LCLC90 LC LCLC90 LC LCLC90

0045 0075 0042 018 0095 015 0002 0005 000350009

0110 0310 029 063 037 098 0005 002 0025 0046

002 005 0036 037 0140 075 00098003 0016 008

Dosage

galA

025

050

100

025

050

100

025

050

100

025

050

100

Table3Laboratoryevaluationofpetroleumoilsagainst
fourthinstariledesnigromaeulislarvaeattherateof10
galaAugust1972

Avg mortalityaftertreathrs

4 8 24

74

4

82

16

0 0

94

60

82

40

0

ulcm

0025

0050

0100

0025

0050

0100

0025

0050

0100

0025

0050

0100

Tables35and6presenttheresultsoffieldevaluations
inTulareKernandMercedcountiesMoreinformationwas

obtainedwithChevronResearch72R2569thanwithany
oftheothermaterialsAttherateoftwogalacreChevron
Research72R2569achieved100controlinallareasat

24hoursposttreatmentItappearedhoweverthatearlier
killsoccurredintheareaswhereorganophosphorusresist
ancewaslesssevereGoldenBear1313didnotshowthe

rapidinitialknockdownofChevronResearch72R2569
butkillswerecomparablethoughlowerat24and48

AveragepercentMortalityofIndicatedLarvalStages

12 34 P

35

83

100

0

53

95

100

18

80

100

55

90

100

28

48

93

100

100

0 0

hoursposttreatmentTable7showstheresultsoftests
againstmosquitofishGoldenBear1313andFlitMLO
wereapparentlyharmlesstoGaffiniswhenappliedat
2and4galacre80and160ppmrespectivelyinthe
laboratoryChevronResearch72R2569attwogalacre
80ppmproducednomortalitybutinonetestatfour
galacre160ppm40mortalityoccurred
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Table4FieldevaluationofpetroleumoilsforthecontroloffourthinstarAedesnigromaculislarvaeinirrigatedpastures
TulareCounty

PetroleumOil

Averagelarvaedip

Dosage Posttreatmenthours ReductionafterTreatmenthrs

gala Pretreat 4 24 48 4 24 48

TestI7772
ChevRes72R2570 20 20

ChevRes72R2570 20 20 1 95

ChevRes72R2593 20 35 04 99

ChevRes72R2593 30 27 0 100

ChevRes72R2569 20 21 0 100

Check 12 23 0

TestI182172
ChevRes72R2569 20 33 10 02 0 70 99 100

GoldenBear1313 20 27 29 35 15 0 87 94

Check 21 26 25 28 0 0 0
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Table5FieldevaluationofpetroleumoilChevronResearch72R2569forthecontroloffourthinstarlarvaeandpupae
ofirrigatedpasturemosquitoAedesnigromaculisKernCountyJuly261972

Averagenumberoflarvaeandpupaedip

Posttreatmenthours Total reductionafter

Dosage Pretreatment 4 24 treatmenthours

gala L P L P L P 4 24

20 53 1 6 0 02 01 89 995
10 58 4 37 0 100 80 40 700

Check 21 1 23 1 270 30 0 0

20 27 8 035 0 00 00 99 100

Check 29 5 27 8 170 190 0 0

Deadlarvaeandpupaerecoveredbydipping

Table6FieldevaluationofpetroleumoilsforthecontroloffourthinstarAedesnigromaculislarvaeinirrigatedpastures
MercedCountyAugust221972

PetroleumOils

Averagenumberoflarvaedip

Dosage Posttreatmenthours reductionaftertreatmenthrs

gala Pretreat 4 24 48 4 24 48

OpenWater

Chevron72R2569 20 20 4 0 0 80 100 100

GoldenBear1313 20 52 58 8 1 1 85 98

HeavyVegetation

Chevron72R2569 20 7 1 035 0 86 95 100

GoldenBear1313 20 37 38 2 05 0 90 99

Check 15 16 18 17 0 0 0
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SchaeferC1IandDJRamke1971Anoperationalevaluation
ofFlitMLOforthecontrolofmosquitolarvaeinCalifornia
withsupplementalcommentsonproblemsinvolvedwith
aerialapplicationofoilsCalifVectorViews1831316

WomeldorfDJ1AGilliesandKVWhite1972Insecticide
susceptibilityofmosquiroesinCaliforniaIllustrateddistri
butionoforganophospharusresistanceinlarvalAedesnigro
maculisandCulextarsalisProcCalifMosqControlAssoc
401721

Table7Effectofpetroleumoilsagainstthemosquito
fishGambusiaaffinisinthelaboratoryAugust241972

PetroleumOil

TestI
Chevron72R2569

Chevron72R2569

FlitMLO

FlitMLO

GoldenBear1313

GoldenBear1313

Check

TestII
Chevron72R2569

Check

Dosage Avg

gala ppm mortality

20

40

20

40

20

40

20

40

aPanscontained2000mlwater

bPanscontained4000mlwater

80 0

160 40

80 0

160 0

80 0

160 0

0

40 0

80 0

0



SUSCEPTIBILITYLEVELOFORGANOPHOSPHORUSRESISTANTAEDESNIGROMACULIS

MOSQUITOLARVAETOPETROLEUMOILS

HusamADarwazeh

CaliforniaStateDepartmentofPublicHealth
BureauofVectorControlandSolidWasteManagement2151BerkeleyWayBerkeleyCalifornia94704

INTRODUCTIONPreviousfieldevaluationsofpetro
leumoilsagainstorganophosphorusmultipleresistantmos
quitolarvaeinirrigatedpastureswerediscouragingGillies
etal1971andSchaeferandRamke1971wereunable
toachieveconsistentlarvalcontrolwithFlitMLOwhen

appliedbyairattherateof20gallonsperacreDarwazeh
etal1972andDarwazehandRamke1972achieved
excellentcontrolwithpetroleumoilsinKingsCountybut
thesameoilsatthesameratesfailedtorendermeasurable

controlinTulareCounty
SchaeferandRamke1971attributedthevariabilityin

resultsobtainedtoproblemsofunevendispersaloftheoil
acrosstheaircraftswathsPreliminarylaboratoryinvesti
gationsbyDarwazehetal1972indicatedTularepasture
mosquitolarvaetobemoretolerantthanthoseinKings
CountytopetroleumoilsInordertotestthesefindings
furtherthestudiesdocumentedherewereundertakento
determinethetoxicitylevelofpetroleumoilsagainstmos
quitolarvaewithaknownsusceptibilityleveltovarious
organophosphorusmosquitolarvicides

METHODSANDMATERIALSAedesnigromaculis
larvaewerecollectedfromirrigatedpasturesinMadera
KernTulareMercedKingsandFresnocountiesThe
larvaethenweretestedinthelaboratoryagainstMLOand
anewlydevelopedmaterialChevronResearch72R2569
attherateof05and10gallonsperacreFlitMLOis
currentlybeingusedsuccessfullybymanymosquitocontrol
agenciesinCaliforniaChevron72R2569achievedexcellent
controlagainstmosquitolarvaeofvarioussusceptibility
levelstoorganophosphoruslarvicidesApplicationswere
madebyaircraftattherateof20gallonsperacreDar
wazeh1973Comparativetestswerealsoruntodetermine
thesusceptibilitylevelofthelarvaetoparathionmethyl
parathionfenthionmalathionandchlorpyrifos

Thepetroleumoiltestswereconductedin800cm
whiteenamelpansThepanswerelinedwithaluminumfoil
and20fourthinstarlarvaewereplacedineachpancon
taining2000mlofwaterThepetroleumoilswereapplied
withaCalabmicrosyringe2500micrometerunitandmor
talityreadingswereobtained24hoursaftertreatmentTo
determinethesusceptibilitylevelofmosquitolarvaeto
organophosphoruslarvicideaprocedurewasemployedas
describedbyMullaetal1966A1stocksolution
weightvolumeofthetechnicalgradeofeachcompound
waspreparedinacetoneandseveraldilutionsweremadeas

1Presentaddress DepartmentofEntomologyUniversityof
CaliforniaRiversideCalifornia92502
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neededAliquotsof1mlorlessoftheproperstrengthsolu
tionwereaddedto4ozwaxedpapercupscontaining20
fourthinstarlarvaein100mloftapwaterAfter24hours
ofexposuremortalityreadingsweretakenandLCand
LCestimateswereobtainedgraphically

RESULTSANDDISCUSSIONAspreviousstudiesin
dicatedmosquitolarvaesusceptibletoorganophoshorus
larvicideswerefoundtobesusceptibletolowapplication
ratesofthepetroleumoilstestedAgainstthesusceptible
straincompletemortalityoccurredwithChevronResearch
72R2569while5364mortalitywasobtainedwithFlit
MLOinthelaboratoryattherateof10gallonperacre
Tables13

Completemortalitywasimpossibletoachieveagainstthe
highlyresistantlarvaewithanyoiltestedattherateof10
gallonperacreMortalityvariedaccordingtothesuscepti
bilitylevelofthelarvaetotheorganophosphoruslarvicide
aswellastothenumberoforganophosphoruslarvicides
themosquitocantolerateLarvaecollectedfromtheMon
tieropasturewerehighlyresistanttoallchemicalswiththe
LCtomethylparathionbeing20ppmAgainstthese
larvaenomortalityoccurredwithFlitMLOandonly24
wasobtainedwithChevronResearch72R2569attherate

of10gallonperacreAtthesameratenomortalityoc
curredwithFlitMLObut45wasachievedwithChevron

72R2569againsttheMcHenerymosquitolarvaewherethe
LCtomethylparathionwas17ppm

Inconclusionmosquitolarvaesusceptibilityleveltoor
ganophosphoruslarvicidesisafactortobeconsideredin
determiningtheapplicationrateofpetroleumoilsbyair
craftforsatisfactoryandconsistentresults
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Table1TwentyfourhoursusceptibilityleveloffourthinstarAedesnigromaculislarvaetoorganophosphoruslarvicides
andpetroleumoilsfromvariousareas1972S susceptibleM moderatelyresistantR resistant

Mosquito PetroleumOils

Abatement Pasture Dosage Mortality
OPLarvicides LCppm

Chev72R

District Identificationgala FlitMLO 2569 MalathionParathionMParathionFenthion Dursban

Uncontolled Gilbert 05 33 75 01 002 0007 0005 00027

TulareCo Porterville 10 53 100 S S S S S

Madera Pistoresi 05 52 0007 0007 001 0001

10 100 S S S S

Madera Huntley 05 18 40 006 0025 00035 00015

10 35 95 M S S S

Kern Smith 05 40 54 011 0097 0007 00048

10 64 86 R M S S

Merced Edna 05 18 18 005 075 037 0084 0032

10 18 70 S R R R R

Merced LewisBros 05 10 52 017 025 025 006 0018

10 22 68 S R R R R

FresnoWestMuller 05 0 34 026 15 007 017 006

side 10 0 68 M R R R R

FresnoWestMcHenery 05 0 0 058 140 170 05 0104

side 10 0 45 R R R R R

Table2SusceptibilityleveloffourthinstarAedesnigromaculislarvaetoorganophosphoruslarvicidesandpetroleumoils
KingsCounty1972S susceptibleM moderatelyresistantR resistant

Pasture

PetroleumOils

Dosage Mortality
OPLarvicides LCppm

Chev72R

Identification gala FlitMLO 2569 MalathionParathionMParathionFenthion Dursban

Nunes 05 68 01 003 003 0003 00014

Nunes 10 100 S S S S S

EspinelaBros 05 12 50 02 0069 0064 00073 00024

EspinelaBros 10 36 95 M M M S S

HakerS 05 42 012 007 014 0007 0004

HakerS 10 100 S M R S S

SchieringaS 05 54 03 013 008 0014 0003

SchieringaS 10 96 M R M S S

Costa 05 24 028 014 029 0007 0003

Costa 10 96 M R R S S

CordozaF 05 0 50 023 0175 040 0012 0007

CordozaF 10 0 90 M R R S M

KatenA 05 42 04 023 014 001 0004

KatenA 10 77 R R R S S



pasturesProcCalifMosqControlAssoc404648
GilliesPAGVChambersandDJWomeldorf1971Evalua

tionofaerialapplicationofFlitMLOforthecontrolof
organophosphorusresistantAedesnigromaculisandCulex
tarsalisMosqNews314528540

MullaMSRLMetcalfandAFGcib1966Laboratoryand

Table3Susceptibilityleveloffourthinstarlodesnigromaculislarvaetoorganophosphoruslarvicidesandpetroleumoils
TulareCounty1972S susceptibleM moderatelyresistantR resistant

Pasture

Identification

MontieroM

CordozaL

SmithJ

Hoffman

05

10

PetroleumOils

Dosage Mortality
Chev72R

gala FlitMLO 2569

05 0 0 03 114 20 009

10 12 26 R R R R

0 24

2 78

05 6 26 045

fieldevaluationofnewmosquitolarvicidesMosqNews26
2236242

SchaeferCHandDJRamke1971Anoperationalevaluation
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MEASUREMENTOFPROPDXURRESISTANCEINADULT1EDSiNIGROILACULIS

BYTIMEEXPOSURE APROGRESSREPORT

EPZborayandKEWhite

CaliforniaStateDepartmentofPublicHealth
BureauofVectorControlandSolidWasteManagement2151BerkeleyWayBerkeleyCalifornia94704

INTRODUCTIONThepasturemosquitoAedesnigro
maculishasbeenunderlarvicidepressureformanyyears
andlarvaehavebecomehighlyresistanttomanyorgano
phosphoruschemicalsWomeldorfetal1971Consequent
lyanincreasingnumberofmosquitocontrolagenciesare
reducingtheirlarvicidingoperationsanddependingmore
uponadulticidesOrganophosphoruscompoundshavefailed
tocontroladult4nigromaculisinresistantareasbutthe
carbamatepropoxurwasusedtoreestablishcontrolRamke
etal1969Howeverin1970suspectedcontrolfailures
withpropoxurwerereportedinapastureintheTurlock
MosquitoAbatementDistrict

Aprogramtomonitordevelopingpropoxurresistancein
Californiaadultmosquitoeswouldconfirmordenyhigh
adulttoleranceintheeventofanobservedoperational
failureorwarnagainstapproachingproblemsduetoincip
ientresistanceManyworkershaveprovidedestimatesof
medianlethaldosageofpropoxurforvariousCalifornia
adultstrainsThetechniquecallsforexposureoftheinsects
toarangeofconcentrationsforaconstanttimeGeorghiou
andMetcalf1961WiththistechniqueSchaeferandWilder
1970foundonlya16folddifferenceinthemedianlethal
dosagebetweensusceptiblendoperationallyresistantadult
4nigromaculiswhichweconsideredinadequatetoassure
cleardifferentiationAttheuggestionofDrRPalper
sonalcommunicationitwaspostulatedthatexposingsu
sceptibleandresistantstrainstoequaldosagesofpropoxur
butforarangeoftimeperiodsmightelucidatethediffer
encebetweensusceptiblestrainsandthosethatwerediffi
culttocontrolinthefieldThisreportpresentspreliminary
resultsoflaboratoryteststomeasurepropoxurresistance
inadultAnigromaculisbyavariabletimeexposuretech
nique

MATERIALANDMETHODSRearingMethodA
nigromaculisisnoteasilycolonizedconsequentlyalltests
wereconductedwithadultsrearedfromfieldcollected

larvaeAbout200to300larvaeorpupaewerecollectedin
plasticlinedhgallonicecreamcartonsWaterfromthe
collectionsitewasusedAonegallonicecreamcartonwith
ascreenedtopacutoutbottomandastopperedholeon
thesidewassubsequentlysnappedonthe12galloncarton
Thisassemblywasheldinaroomat234257C72
74Wetraisinswereplacedontopofthescreenfor
nutrimentAfteremergencetheadultsmovedtothelarge
cartonwheretheycouldbeaspiratedthroughtheholeon
thesideThewaterinthesmallercartonkeptthehumidity
atanadequatelevelinsidethecageandnoabnormalmor
talitywasobservedAgecontrolwasfacilitatedbythe
relativelysmallnumbershandledpercage
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StrainsUtilizedThesusceptiblestrainforthesetests
wascollectedfromapasturesituatedoutsidetheinsecti
cidecontrolledareaoftheTehamaCountyMosquitoAbate
mentDistrictandishereinreferredtoastheBendstrain

Theresistantstrainwascollectedfromapastureinthe
TurlockMosquitoAbatementDistrictandhasresistedcon
trolbyaerialapplicationswith05lbacreofpropoxurItis
knownastheHatchstrainMultipleresistancetoorgano
phosphoruslarvicideshasbeenshowninfieldtreatmentsas
wellasinlaboratorytests

InsecticideTestingTechniqueAnobjectiveofalltests
wastoestablishlethaldosageLDandlethaltimeLTre
gressionlinesbyutilizingthreeormoredosagesortimeex
posuresofthechemicalpropoxurBothdosageandtime
exposuretreatmentswererunsimultaneouslywiththesame
generationwherepossibleAlltestswereruninduplicate

Thetestingprocedurewasessentiallyasdescribedby
CeorghiouandMetcalf1961withthemodificationof
Darwazeh1972Fifteento20adultmosquitoeswere
aspiratedfromtherearingcageintothevialThesexeswere
notsepartatedandthefemaleswerenotbloodfedInsecti
cidetreatedfilterpaperWhatmanNo2wasthenplaced
intothetestvialwhichwasthenstopperedAfterthe
appropriatetimeexposureperiodsthemosquitoeswere
transferredintoaneightouncepapercupandheldfor24
hoursMortalitywasdeterminedthereafterTheholding
cagecontainedacottonwicksaturatedwith5sugarwater
providingfoodandmoisture

DataAnalysisProbitregressionlineswerefittedtothe
datausingthecomputerprogramoftheDataProcessing
CenteroftheStateDepartmentofPublicHealthThepro
gramincludesastatisticaltestofthehomogeneityorregu
larityofeachsetofdataintermsofhowwellitfitsapro
bitlineOnlytestsforwhichanacceptiablefitwasobtained
wereincludedintheanalysis

RESULTSANDDISCUSSIONFromvaluesofthepro

bitlinesTable1andexaminationoftherawdatathe
followingwasobserved

1OfthethreetestsonsusceptiblesStheJunetest
showsasteeperslopeandlowerLTthantheSeptem
bertests

2ThereissomeevidenceofaplateauintheupperLT
rangefortheresistantRmosquitoes

3TheLDandLTconfidencelimitsmultipliedbythecon
stanttimeandconcentrationrespectivelyarereason
ablyconsistentandindicateapproximately 212fold

greatertoleranceintheRpopulation
4ThereisoverlapforSandRinbothtimeanddosage

ranges
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Theseobservationsweremadefromratherlimiteddata
andalthoughsomeofthepeculiaritiesoftheslopesaredis
cussednotestsofthestatisticalsignificanceofdifferences
oftheslopeshavebeenrun

ItwasnotedthatanStestruninJuneyieldedasteeper
slopeandalowerLTthantheSeptembertestThediffer
encebetweentheJunetestandthehighestSeptembertest
is78minutesIfthedifferencescontinuetobesubstantial

infuturetestsitmaybenecessarytoestablishseparate
baselinesforeachmonththatthepopulationsaretested

TherewassomeindicatonofaplateauintheupperLT
rangeRGeorghiouetal1966workingwithCulex
fatigansselectedwithpropoxuralsoobservedsuchapla
teauTheyprovedthatbehavioristicavoidanceoftheinsec
ticidewasnotthecausebutsuggestedasalikelyexplana
tionanenhancedrateofmetabolismoftheinsecticidethe
effectofwhichwouldbemagnifiedbyreductionoftarsal
absorptionofthetoxicantThesamemaybetrueforour
testswith1nigromaculis

Assumingthattheeffectivedoseequalsconcentration
multipliedbyexposuretimetheconfidencelimitsfromthe
LTandLDtestsmaybecomparedseeTable1Forsu
sceptiblestraintheLT yields42174318 7308

13356comparedto 60126 167 756010020from

theLDFortheresistantstraintheLTyields42
414 648 17388 27216comparedto60361
472 2166028320fromtheLDTheseresultsare
reasonablyconsistentandindicateapproximately212fold
greatertoleranceintheresistantpopulation

A5to95mortalityrangeforthesestrainscanbe
expectediffuturetestsarecarriedoutusing42rcmof
propoxurasastandardconcentrationandequallogex
posuretimeintervalsforSbetween10and160minutesfor

Rbetween20and320minutesEffectiveLDrangescanbe
achievedbyusingdosagesbetween83and690cmfor
Sadosagerangebetween280and830qcnthforR
OverlapoftheLTandLDrangesforSandRisunavoid

62172

91372

92072

92072

BVariableconcentrations cmconstant exposuretime60minutes

Date Strain Slope LT Limits

91372

92072

S

S

S

R

702

302

381

282

S 358

R 539

210

288

240

534

186

246

174

414

ableAtthispointitisnotpossibletoconcludeiftheLT
methodrendersaclearerdifferentiationbetweensuscepti
bleandoperationallyresistantadultsthantheLDmethod
Furthertestswiththeabovedefinedrangesandcomparison
oftheresultsarenecessaryAsmoredatabecomeavailable
itshouldalsobepossibletodetermineafailurethreshold
forpropoxuragainst4nigromaculisadults

SUMMARYAedesnigromaculisfromaresistantarea
andfromanuncontrolledareaweretestedwiththevariable
exposuretimetechniqueByusing42 propoxurasa

standardconcentrationandexposingthesusceptibleadults
at10203080150minutesandtheresistantadultsat

204080160320minutesa5to95mortalityrange
canbeexpectedMoredatawillbecompiledinthefuture
todeterminethefailurethreshold
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EFFECTIVENESSOFAFLITMLO LARVICIDEOILFORMULATIONINTHEFIELD

TheSoutheastMosquitoAbatementDistricthasbeen
usingFlitMLOsince1968Howeveritwasnotuntil
1971thatoperationaluseofFlitMLOwasstartedPriorto
thattimeFlitMLOwasusedinwaterimpoundmentssuch
asswimmingpoolswatertroughsornamentalpondsand
otherspottreatmentsitesInmostofthesesituationsa
highlevelofcontrolwasobtained

In1971whenoperationaluseofFlitMLOwasstarted
withsprayingofstreetgutterscatchbasinsandfloodcon
trolchannelsitwasobservedthatamarkedreductionin
thelevelofcontroloccurredinthesetypesofmosquito
sourcesSinceFlitMLOhasshowngoodpupicidalproper
tiesinlaboratoryandfieldtestsandalsodisplayslowphy
totoxicityandisnotcorrosiveatrecommendeddosagesit
wasfeltthatFlitMLOshouldnotbeabandoneduntilitwas

givenafairtrialAlsothreeofthepestspeciesofmosqui
toeshavestartedtoshowahighlevelofresistancetoorgan
ophosphorouscompoundsinmanyareasoftheDistrict
Consequentlytheuseofalternatelarvicidesisbecoming
moreimportant

ItwasobservedearlyintheworkwithFlitMLOthat
vegetationorothermaterialinthewaterseemedtoeffect
thelevelofcontrolinagivenbreedingsitebybreakingthe
continuousfilmofoilonthesurfaceOpenspacesaround
vegetationwouldoccurallowingsomeofthemosquito
larvaetoseektheseoutandsurviveSinceoilsaresurface

activematerialsitisobviousthatmovementofwaterwould
tendtodiminishthelevelofcontrolinagivenmosquito
sourceThemovementofwaterinfloodcontrolchannels

riversandstreamsprecludestheuseofsurfaceactivema
terialspresentlyknowntodayThiswastheexperienceob
tainedwithFlitMLOinstreetguttersDuringthe1971sea
sonthecontroloperatorsnoticedmosquitolarvaeand
pupaestillaliveingutterwatersprayedonetotwodays
priortoposttreatmentinspectionManyservicerequests
werereceivedfromresidentsinareasthathadbeentreated

withFlitMLOonaroutinebasiseveryseventoeightdays
Howeverinstreetguttersthewatermovementisperiod

icalduringthedaysocorrecttimingofthetreatmentcould
yieldresultsiftheknockdownorkillingtimeissuffi
cientlyshortInordertodecreasethekillingtimeanother
oilwasaddedtotheFlitinsufficientquantitiestoshorten
thekillingtimewithoutundulyincreasingthephytotoxicity
orcorrosivequalitiesBykillingtimeitismeantthetime
ittakesfromapplicationtothetimetheorganismhasre
ceivedsufficientoiltocompletelyinactivateitsoasnotto
allowrecovery

Thepurposeofthisstudywastoevaluatetheeffective
ofaFlitMLOlarvicideoilcombinationcomparedto
straightFlitMLOunderfieldconditions

FrankWPelsueandGardnerCMcFarland

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenueSouthGateCalifornia90280
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MATERIALSANDMETHODSAstudysitewaschosen
intheLongBeachareawhichhadalonghistoryofmos
quitoesbreedinginthestreetguttersThetestareawas
approximately milesquarewith14milesofguttersThe
parkwaysareheavilyvegetatedwithlargetreesproviding
leaflittertoobstructtheflowofwaterinmanyareas

Larvalsamplingconsistedofthreesamplesitestobe
monitoredonaweeklybasisinadditiontopreandpost
treatmentsamplesThesamplesconsistedofthreedips
compositedpersamplesiteThesampleswerereturnedto
thelaboratorywherethelarvaewereidentifiedandcounted
Allstageswerecountedpreandposttreatment

Theamountofactualwatersprayedinthe14milesof
guttersaveraged6milesThetotalareasprayedwasapprox
imately08acresDosagerateaveraged5gallonsofoil
mixtureperacre

Thefollowingoilswereusedinthestudyproject1Flit
MLOplusRichfieldLarvicideAata41ratio2Flit
MLOwithoutadditiveBothoilswereusedatthesame

dosagerateof5gallonsperacre
ThetestareawasnormallysprayedonMondaymornings

atapproximately1100amThemovementofwaterinthe
gutterswasvariablebutthemorningsaveragedlessmove
mentthantheafternoons

Equipmentusedfortreatmentofthetestareaconsisted
ofaJeeppostalvanrighthanddriveequippedwitha
55gallontankanelectricpumpwithaspraytipthatde
liveredmaterialattherateof01gpmgallonperminute
atadrivingspeedof57milesperhour

Table1Representstheaveragenumberoflarvaeand
pupaeindicatingthetotalpercentreductionreceivedwith
theFlitMLO RichfieldLarvicideAcombinationcom

paredtoFlitMLOunfortified

Averagenumberoflarvaeallstagesandpupaeperdip

Pre Percent

Treatment Treatment ReductionMaterial

FlitMLO

RichfieldLarvi

cideA

FlitML0

216

1Averageof7replicates
2Representsonetreatment

24 880

135 111 177
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ExperimentsinvolvingtheFlitMLO RichfieldLarvi

cideAcombinationwerereplicatedseventimesOneex
perimentwasperformedusingFlitMLOwithoutfortifica
tion

Themosquitospeciesmostprevalentinthestreetgutters
duringthetestperiodwasCulexpipiensquinquefasciatus
butCulexpeusandCulextarsaliswereoccasionallyfound

RESULTSANDDISCUSSIONThefortifiedFlitMLO

mixturewasclearlysuperiortotheFlitMLOunfortified
formulationasshowninTable1Howevertheaveragere
ductionthatoccurredwasbelowthelevelofcontrolwe

strivetoobtaininourcontrolprogramThedataonFlit
MLOunfortifiedwasinconclusiveandcanonlybeused
forcomparativepurposesasonlyoneexperimentwasper
formed

Table2presentsabreakdownonthepercentreduction
obtainedregardingtheimmaturestageofdevelopment
FromthisdataonecanseethatfortifiedFlitMLOgave
goodreductionof4thinstarlarvaewithFlitMLOunforti
fiedproducingpoorresultsFlitMLO RichfieldLarvi

cideAcombinationalsobetterkilledtheimmaturelar

vae1stand3rdinstarthantheFlitMLOunfortified
Thephenomenonofhighparaffinicoilsnotkillingearly
instarlarvaeatthesamelevelsasrequiredfor4thinstar
larvaeandpupaeseemstoexistevenwiththefortified
FlitMLObutthelevelofreductionwashighercompared
toFlitMLOunfortifiedasshowninTable2

Figure1showsaveragelarvalandpupalpopulationlevels
onaweeklybasisfortheperiodofthestudyThehighpeak
observedforthelastofJuyresultedfromnottreatingthe
studyareafortwoweekstoallowthelarvalpopulationto
buildupagainforoneoftheexperimentsFromthisgraph
onewillnoticethateventhoughtherewasweeklytreat
mentexceptforoneortwoinstancesanextremelyhigh
levelofcontrolwasnotachievedAdultmosquitoeswere
beingproducedindicatingthatcompleteadultemergence
suppressionwasnotoccurringHowevertheadultemer
gencewasreducedconsiderablyasevidencedbya38re
ductioninservicerequestsinthestudyareaoverthe
numberreceivedin1971forthesameperiodoftime

InsummaryitcanbesaidthatthefortifiedFlitMLO
gavebettercontrolduringthepeakportionoftheseason
inourstreetguttersthanslidFlitMLOunfortifiedHow
everthismaterialstilldidnotprovidethelevelofcontrol
wewouldliketoachieve

Material

limmaturelarvae 1st3rdinstar

Thisstudywillbecontinuedin1973usingthesameoils
inadditiontosomenewoilswithdifferentadditives

Averagenooflarvaeandpupaedipforthreesamplesites

Averagenumber4thinstarimmaturelarvaeandpupaeperdip
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FIG1Averagepretreatmentpopulationoflarvae
andpupaeofthethreesamplesitesrecordedovertheperiod
ofthetest

Table2StageofimmaturemosquitodevelopmentandthepercentreductionreceivedforFlitMLORichfieldLarvicide
AcombinationcomparedtoFlitMLOunfortified

4thinstarImmaturePupae 4thinstar ReductImmature ReductPupae Reduct

FlitMLO

RichfieldLarvi

cideA 57 114 45 043

cideA 57 114 45 043 0294

cideA 57 114 45 043 924 19 834 011 976

FlitMLO 12 117 066 17 0 77 341 170 0


