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CaliforniaMosquitoControlAssociation

WHATWEKNOWANDDONTKNOWABOUT

MOSQUITOCONTROL

JamesBKendrickJr

AgriculturalSciences
UniversityofCaliforniaBerkeley

FirstIthinkIshouldsaysomethingthateverybodyin
CaliforniaoughttoknowIbelieveveryfewpeoplereally
picturehowmanymosquitoeswewouldhaveinCalifornia
ifwedidnothaveasuperbmosquitocontroloperationgo
ingrightnowWeprobablycouldnotsleepatnightinmost
ofCaliforniaJustgoingoutdoorscouldbeuncomfortable
andevendangerousSoIamspeakingforalotofpeople
justaboutallCalifornianswhethertheyknowitornot
whenIsaytoourmosquitoabatementdistrictsandtheir
staffsWeknowonethingaboutmosquitocontrolweare
gladyouarehere

Wehavelearnedsomeotherthingsaboutmosquitocon
trolinCaliforniaWeknowthatnaturehasgivenusawarn
ingthatfuturemosquitoresearchisnotgoingtobeeasyor
cheapWeknowthatthelogicofchemicalpestcontrolde
mandsmorespecificchemicalsButwealsoknowthatthe
morespecificachemicalisthemorelimiteditsusethe
morecostlyitisforthechemicalindustryCostsarebe
comingalmostprohibitiveSowhenourresearchpeople
talkaboutnewapproachestheymeanreallynew

Thewarningfromnaturecamejustacoupleofmonths
agoDrCharlesSchaeferattheUniversitysMosquitoCon
trolResearchLaboratoryinFresnoreportedthatthelittle
pasturemosquitoknownasAedesnigromaculisisnowre
sistanttoeveryinsecticideontheshelfEvensomenew
onesnotyetonthemarketwillnottouchitWearelucky
ofcoursethatasfarasweknowthislittlemosquitodoes
notcarryanydiseasesofmanoranimalsItisapestasVal
leyresidentsknowverywellbutnotapotentialkiller
Howeverthatneartotalresistanceremindsusthatweare

onborrowedtimewithmoredangerousmosquitoesWe
havegonethroughalotofinsecticidesinthelast20years
andweareapproachingwhatlookspainfullylikeadead
end

WehavecometoaverysharpturnatleastKillingmos
quitoeswithchemicalsisbecomingprohibitivelyexpensive
Partlythisisbecausemosquitoesaregettingmoreresistant
toinsecticidesButitisalsobecausepeopleknowmorea
boutchemicalstodayandtheyareincreasinglyreluctantto
havepoisonousandpersistentchemicalsusedintheirerivi
ronmentSoregulationshavebecomemorestringentDe
velopingchemicalsthatcomplywiththeseregulationscost

moreTenor15yearsagoitcostlessthanhalfamillion
dollarstogetanewinsecticideonthemarketThesamede
velopmentjobtodaycostsfromthreetofivemilliondol
larsItisfairlyobviousthatputtingthreemilliondollarsin
todevelopingasinglepurposeinsecticidetokillaspecific
pestwithjustthatonepossiblemarketisnotanattractive
businessproposition

Onfirstthoughtthisseemstosuggestthattheoutlook
isdimforfuturechemicalcontrolofmosquitoesButIdo
notthinkwecandismisschemicalsthatquicklyDrRay
Smithsuggeststhatthefutureismorelikelytoseesome
newbroaderapproachestochemicalcontrolDrMirMulla
suggeststhatwelookforwhollynewlinesofchemicals
compoundswithdifferentmodesofactionfromthosewe
areusingperhapsevenacompoundthatisreallyresistance
proofevenifitislesseffectiveandmoreexpensive

WhileIcannotlookatthisasanentomologistIcan
lookatresearchasaplantpathologistandanadministrator
Iknowthatcreatingnewchemicalsisasophisticatedarea
ofresearchtimeconsumingandcostlyIknowthatwewill
needallthetimewehaveWewillhavetoconservetodays
effectivemosquitocontrolchemicalsbycautioususewhile
wesearchoutnewcompoundsandlessextravagantmeth
odsofusingthem

SoinourlaboratoriesatRiversideBerkeleyDavisand
FresnowhatcanweseeaheadWecanseesomeideasthat

mightsoundlikewilddreamstoanoutsiderTheuseoffish
isoneinstance fishthatwillliveinheavilypollutedwater
andeatmosquitolarvaePlantsmaycometotheaidofman
bypoisoningthewaterinwhichmosquitolarvaearetrying
togrowDiseasesofmosquitoesmayofferaneffective
meansofcontrolPeopleandotheranimalshavediseases
WhynotmosquitoesAndattractantsoneofournewest
weaponsinthearsenalofmosquitocontrolmaybeputto
workforus

Justlastweekyoumayhaveseenanewsstoryfromthe
UniversitysRiversidecampusAnattractanthasbeeniso
latedbyacreativeyoungscientistfromJapanDrIkeshoji
Itwillalmostforcefemalemosquitoestolayeggsinabait
edareaofwaterThepromiseofattractantschallengessci
entiststofurtherimaginationtofindwaystodrawmos
quitoesintopoisonedpondswherethelarvaewilldie

Becausewateristhemediumforbothmosquitolarvae
andfishthechallengetobiologicalcontrolresearchersis
thatofgettingthetwotogetherBiologicalcontrolhasto
concentrateonthelarvalstageDrErnestBayatRiverside
remindsusthatifwecouldfindabiologicalcontrolatthe
adultstageofthemosquito suchasabirdthecontrol

1



mightbecomeasmuchaproblemasthepestHisinterestis
inalittlefishmostofusknowbestinthehomeaquarium
ThelittleguppyshowsrealpromisehesaysSomestrains
cantolerateextremelypollutedwaterswheremosquitolar
vaethriveEarlyintheseasonthemosquitoesmightgeta
headbecauseitdoesnotlookasifguppiescansurviveCali
forniawintersItmaybenecessarytosprayearlyinthesea
sonwhileanewcropofguppiesismultiplyingbutlaterthe
fishshouldtakeover

Someotherideasthatmighthavesoundedfarouta
fewyearsagoarelookingbettertodayFungiandbacteria
forinstanceEldonReevespointsoutthatotherinsectsare
afflictedwithsomefataldiseasesBeessuccumbbymillions
tofoulbroodThepathogensofmosquitoesdeservealot
moreexploring

Thereisalotmoreexploringtodointhenaturalhabi
tatsofmosquitoesDrReevesreportsincreasingpromisein
theuseofalgaethatproducetoxinsthatwillkillmosquito
larvaeHeisnowextractingandstudyingthetoxinsand
consideringhowtointroducethesetoxicalgaeintowaters
wheremosquitoeslayeggs

Thesecomplexlinesofattackbringustotheoverall
aimsofUniversityresearchonmosquitocontrolonthree
campusesandattheFresnolaboratoryOnthecampuses
wetendtoseekoutthelongrangeapproachesThatis
whereourpeoplearesearchingforthecompletelynew
areas theguppiesmosquitopathologytheattractants
andalgaeTheseresearcheffortsinvolveavastinvestment
oftimebuttheyareourfoundationThisisthemission
orientedbasicresearchwetalkaboutWithoutitthere
wouldbenothingtoapply

In1967ontheadviceofourmosquitocontroladvisors
wemadesomechangesintheprogramattheFresnolabora
toryItsresearchsincethenhasbeenpointedmoretoward
immediateneedsofmosquitoabatementdistrictsThepro
gramsetupbyDrSchaefernecessarilycoversawidearea
tomeetthoseneedsThisincludesworkonuseofcurrent
insecticides howtousethemeffectivelyandwhathap
penstotheminthemosquitoshabitatwherethechemi
calsgoandhowlongtheypersistandwhattheymaydoto
mosquitopredatorsthatmightbehelpingoutonthecon
troljob

Workingwiththechemicalcompaniesthelaboratory
hasanactiveprogramoftestingnewmaterialsandexplor
ingnewanddifferentkindsofchemicalactionsNecessari

lyalotofattentionisgoingtothatresistantpasturemos
quitoDrSchaefertellsusthatoneofthecarbamateswill

controlthepestintheadultstagebutcontrollingadultsis
nottheobjective

Intheirrigatedpasturesnewbroodsofmosquitoeskeep
comingalongalmostcontinuouslyaftereveryirrigation
fromApriltoNovemberThatmeansabout20broodsa
yearTwentysprayingsayearalmostguaranteeelimination
ofsusceptibleinsectsandselectionofaresistantstrainThis
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formulahasworkeddistressinglywellWorkingwiththe
pasturemosquitointhelaboratoryhasbeenarealchallenge
toentomologicalimaginationThelaboratorymusthave
eggsandlarvaeThesearethestagesmosteffectivelycon
trolledButtheselittlemosquitoeswillnotbreedinalab
oratoryatleastnotwillinglyTheanswertothishasbeen
artificialinseminationofmosquitoesIthasworkedand
nowthelabhasAedesnigrotnaculiseggs

TheFresnoactivitiesdonotstopatthelaboratorydoor
ofcourseThewholeagriculturaloperationofFresno
CountyispartoftheworkinglaboratorySomeexperi
mentsarebeingrunonreducingmosquitonumbersbywa
termanagementTheseincludeevenchemicaltreatmentof

soilstogetfasterwaterpenetrationandtoreducethetime
waterisonthepasturesbreedingmoremosquitoes

Asallofourmosquitocontrolinvestigatorspointout
theUniversitytendstogetcalledinonacrisisBudgetsdo
notincreaseascrisesdoSomoneyorlackofitlimits
studytothemoreobviousItisnotsoeasytofindmoney
toinitiatenewuntriedprogramsTheyhavehighpotential
forproducingnobenefits ornoimmediateonesThe

wholeprogramofmosquitoresearchwehavegoinginthe
DivisionofAgriculturalSciencesisonlypartofthepro
gramourcommitteeproposedThatisbecauseonlypartof
theprogramhasbeenfundedVeryclearlywenowneed
fullfundingtoexpandtothefullprogram

FortunatelyourmoredangerousCaliforniamosquitoes
arebiologicallyandecologicallydifferentfromAedesnigro
maculisTheyhavedevelopedresistancemoreslowlyand
controlresearchhaskeptaheadofthemButthewarning
resistanceinthatlittlepasturemosquitoinFresnoCounty
tellsusthatthethreatofresistanceinthediseasecarrying
speciesisalwayswithusIn1952thereweremorethan700

casesofencephalitisintheValleyCulextarsalisthevec
torisalwayspresentandreadyforatakeoffinnumbers
whenconditionsareright

BarelyayearagotheSpillerreportdeclaredthatTo
daymalariaisabsentorofnegligibleincidenceandmajor
resurgenceisquiteimprobable ButCaliforniasvectorof

malariaAnophelesfreeborniisalwayswithusAndprob
ably10ofourhalfmillionmeninVietnamareinfected
withmalariaAstheycomehomethechancesofreinfec
tingthevectorseemveryreal

ThedangerisherenowandaccordingtoDrMullaour
mosquitopopulationmaydoubleortripleinthenextfew
yearsAsFeatherRiverwaterreachesthewestsideofthe
SanJoaquinValleymosquitoescanbeexpectedtoincrease
inanewareaAndwecannotforgeturbanmosquitoes
TheycanevenbreedinswimmingpoolsDrMullasaysa
20x20poolunattendedforfivedayscanproduceamil
lionmosquitoesThereisnoindicationthatCalifornians

aregoingtostopbuildingswimmingpools

TosummarizethesethoughtsIthinkwecansaythat
whatweknowforsureaboutmosquitocontrolisthatthe
problemisnotsolvingitselfWehavemosquitoesbecoming



moreresistanttoinsecticidesWehavearatherjarringindi
catorthatourarsenalofmosquitocontrolpesticidesisrun
ningoutWeknowthejobofthechemicalcompaniesinde
velopingnewinsecticidesisalongandcostlyjobAndsois
researchinlearningwhatthecompoundsdotomosquitoes
mosquitopredatorsandtoourenvironment

Weknowwearenotreducingoursourcesofmosquitoes
Wearebringingirrigationwatertonewareasandcityareas
aregrowingwiththeirswimmingpoolsandlawnsand
puddlesWeknowthatavastamountmustbelearneda

boutmosquitospeciesthemselvesandtheirecologyWe
knowwewillhavetopursuenewdirectionscreatechemi
calsthatworkdifferentlyandworkoutmethodsofusing
themthathaltorslowtheprocessofresistanceWeneed
thehelpwecangetfromnaturesownparasitespredators
andpathogens

Weknowthemosquitoismorethananannoyingbiting
insectThedangerofmosquitoesasvectorsofdeadlydis
easeisstillhangingoverusWeknowtheneedisurgentfor
moreresearchknowledgetobackuptheexcellentmosqui
tocontroljobnowbeingdoneandtheneedforfundsto
expandmosquitocontrolresearchisurgentFinallywe
knowthateveryoneinCalifornia farmerorurbanite

hasastakeineffectivecontrolofmosquitoesComfortand
healthandevenlivesdependonit

EVOLVINGCONCEPTSOFENCEPHALITIS

PREVENTIONINCALIFORNIA1

WilliamCReeves

SchoolofPublicHealth

UniversityofCaliforniaBerkeley

AtlastyearsConferenceIpresentedthefirstdatain
supportofanemergingconceptthatthereisanidentifi
ablethresholdlevelofCulextarsalispopulationessentialto
maintaintransmissioncyclesofwesternequineencephalitis
WEEandStLouisencephalitisSLEvirusesandthatat
ahighervectorpopulationlevelonecouldexpectfrequent
infectionofsusceptiblehumansandclinicalcasesofen
cephalitisReeves1968DatafromKernCountyindica
tedSLEvirushaddisappearedfromthisregionwhenCulex
tarsalislighttrapindiceswerestillaboveanaverageof10
femalespernightHoweverWEEvirusremainedactiveun
tilvectorindiceswerereducedoveranextensiveareatoan

averageof1femalepertrapnightClinicalcasesofthese2
diseasesinmanandhorsevirtuallydisappearedwhenover

ThisresearchwassupportedinpartbyResearchGrantAl03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesand
GeneralResearchSupportGrantISO1FR05441fromtheNation
alInstitutesofHealthUSDepartmentofHealthEducationand
Welfare

thesummerlighttrapindicesforurbanandsuburban areas

werereducedtoanaverageof10orlessfemaleCtarsalis
pertrapnightThesefindingscreatedconsiderableinterest
astheyprovidedpotentialtargetsforcontrolagencieswhen
supportedbyfurtherobservations

Thedistributionofconfirmedcasesofencephalitisin
manandhorsethroughoutthestatein1967coincidedgen
erallywiththelevelsofCtarsalispopulationsthatthe
KernCountystudiespredictedwouldresultinclinicalcases

IcanreportadditionalpreliminaryfindingsfromKern
Countyin1968thatextendourconfidenceintheprevious
observationsWEEandSLEviruseswereactiveinKern
Countyin1968WEEviruswasfirstdetectedinCtarsalis
intheweekofJune18andatatimewhentheLighttrapin
dexforthismosquitobasedon22trapsscatteredoverthe
entiredistricthadreachedanaverageof4femalespertrap
nightInthespecificregionofviralisolation7trapshadin
dicesthatrangedfrom2toashighas17CtarsalisSLEvi
rusdidnotappearuntiltheweekofAugust5whenthe
lighttrapindexovertheentiredistricthadbeenatanaver
agelevelof16pertrapnightfor2successiveweeksAtthe
specificsitewhereSLEviruswasisolatedthelighttrapin
dexduringtheweekofviralisolationwas53femaleC
tarsalispertrapnightThiswasthefirstdetectionofSLE
virusin5yearsfromKernCounty

In1968confirmedcasesofencephalitisinmanoccurred
inKernCountyforthefirsttimein4yearsThe2WEE
caseshadonsetdatesofJuly18andJuly30aperiodwhen
Ctarsalisindiceshadrisenabove5pertrapnightandwere
rapidlyapproachingthepeakaverageof16pertrapnight
FiveWEEcaseswerediagnosedinhorsesthefirstwithon
setofJune29andtheremainderinJulyAllonsetsofe
quinecasesfollowedtheoccurrenceoflighttrapindicesof
5orhigherTheonehumanSLEcasehadalateonsetdate
ofOctober1over1monthafterthevectorindicesforthe

regionhaddroppedfrom16to2orless

Testsforantibodydevelopmentin16sentinelchicken
flocksarestillinprogressbutingeneraltherewasanover
allriseintheproportionofbirdsinfectedwithWEEvirus
ascomparedwiththe3previousyearsAlowproportionof
birdsdevelopedSLEantibodiesTherewasnoevidenceof
WEEvirusactivityinurbanBakersfieldbuttheviruswas
activeinalmostallotherareasstudiedSLEviruswasvery
focalindistributionandwasdetectedatonly5of16sites
studied

Theforegoingdetailisgiventoindicatethegeneralcor
relationfoundwhenanindexascrudeastheaveragenum
beroffemaleCtarsalispertrapnightoveranareaof1500
squaremilesforacompletesummerisusedforcorrelation
withviralactivityMuchmoredetailedanalysesmustbe
doneondatafromspecificsitesasweknowthehighestin
dicesofCtarsalispopulationandSLEvirusactivitywere
distributedfocally

TheStateDepartmentofPublicHealthreportedagainin
1968thattheremaining8casesofWEEand3casesofSLE
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inmanand26WEEcasesinhorseswerelargelylocatedin
thenorthernhalfofthestateBureauofCommunicable
DiseasesCaliforniaStateDepartmentofPublicHealth
1968

ThebasicconceptthathumancasesofWEEandSLEin
CaliforniacanbepreventedbyCtarsaliscontrolhasbe
comeestablishedasanintegralpartofthe59000000in
vestmentoftaxrevenueinover50agenciesestablishedfor
mosquitocontrolinthisstateWedonotdoubtthatfuture
successinencephalitispreventionwillreflecttheeffective
nessofeffortstominimizepopulationsofCtarsalisHow
everthisaudiencemustalsounderstandtheunknownfac

torsthatstillrequirestudyandacceptthatthereisasignifi
cantdifferencebetweensuppressionofabasictransmission
cycletominimizehumandiseaseandviraleradication

LetmedealwitheradicationfirstItisunlikelyinthe
foreseeablefuturethateffortorconsiderationwillbegiven
toeradicatingWEEorSLEvirusfromCaliforniaBothvi
rusesarefirmlyentrenchedthroughouttheCentralValley
andinperipheralareasinamaintenancecyclebetweenC
tarsalisandbirdsPresentdataindicatethatthethreshold

levelsofCtarsalispopulationthatcanmaintainviraltrans
missionaresolowthatfewcontroldistrictswillbeableto

achieveandmaintaintheselevelsinruralareasAswepro
gressnorthwardintoareasofwaterabundancethereise
venlesslikelihoodoferadicationTherealsoislittlereason

toconsidereradicationasfeasiblewhenthereareextensive

areaswithlittleornocontrolprogramsTheseareastypical
lyhavealowhumanpopulationdensityandaninsufficient
taxrevenuebasetosupportefficientcontrolTheuncon
trolledareaswillbeacontinuoussourcefromwhichvirus

canbeintroducedintocontrolledareasThereappearance
ofSLEvirusinKernCountyin1968assoonasCtarsalis

populationsincreasedandafteranapparentabsencefor5
yearsmaybeanexampleofreintroductionEradicationof
thesevirusesstillisaconceivablegoalbasedoncurrent

knowledgeandconceptsbutitisanimpracticalobjective
forimmediateconsiderationbecauseofeconomicandtech

nicallimitations

Iwanttoturnnowoaconsiderationofthemoreprac
ticalandimmediategoatoreduceCtarsalispopulationsto
levelsthatwillpreventlargenumbersofpersonsfrombe
cominginfectedandtheaccompanyingriskthatencephali
tiswilldevelopinaportionofthoseinfectedpersonsThe
experienceofthepast10yearsintheSanJoaquinValley
indicatesthatthisgoalwasattainedoveralargearea
MarkedreductionofCtarsalispopulationswasassociated
withasignificantdecreaseinclinicalcasessotodayenceph
alitiscasesaresporadicandfewItmustbeconcludedthat
whentheviruseswererestrictedtotheirbasiccyclesfewer

personswerebittenbyCtarsalisthatcouldtransmitinfec
tionItwouldbeexpectedthatmostofthefewpersonsin
fectedwouldnotdeveloprecognizablediseaseAtthesame
timewemustappreciatethatapriceisbeingpaidbothin
thecostofthecontroleffortandinthataconstantlyde
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creasingportionofthepopulationwillbeimmuneasthey
escapeinfectionNosurveysofimmunityhavebeendone
recentlyintheSanJoaquinValleybutIsuspectthatthe
majorityofyoungpersonsandrecentimmigrantsintothe
SanJoaquinValleyarenowsusceptibleTenyearsagoa
highproportionofresidentswereimmuneasaresultofin
apparentinfectionsFroeschleandReeves1965Ihave
dweltonthisconceptasitmustberecognizedthatabreak
downinthecontroleffortatanyfuturedateandforany
reasoncouldresultintheexposureofahighlysusceptible
humanpopulationtoahighriskofinfectionanddisease

Iwoulddrawyourattentiontothefirstpublicationthat
attemptstoevaluateallaspectsoftheeconomiccostofan
encephalitisepidemicThepublicationisbyPaulM
SchwabintheOctoberissueofPublicHealthReports
Schwab1968Hisanalysesofthe1966epidemicofSLE
inDallasTexaswasbasedonthecostsassociatedwithcare

of172clinicalcasesthecontroleffortandthevarietyof

associatedactivitiesHeconservativelyestimatedthatthe

epidemiccostthecommunity79650000Thisisahigh
priceforasinglecitytopaywhenanepidemicresultedaft
erSLEviruswasintroducedintoacommunityofsuscepti
blepersonswheretherewasahighpopulationofvectors
andavianhostsIfasimilareconomicstudyhadbeendone
oftheepidemicofpredominatelyWEEinCaliforniain
1952thecostfigureswouldhavegoneintomillionsofdol
larsThemagnitudeofcasesandareasinCaliforniawas
muchlargerthaninDallasInadditionahigherproportion
ofWEEthanSLEcasesdeveloppermanentresidualeffects
Wearestillpayingforthe1952epidemicinthatsomesur
vivorsarepermanentlyhandicapped

Idonotwishtocreateundueconcernbymycomments
onincreasedsusceptibilityofpopulationsyetwemustrec
ognizethispossibilityandthatthefutureprotectionofsus
ceptiblepopulationswilldependonmaintenanceofthe
controleffort

Thenextareaforconsiderationwillbeavarietyofprob
lemsthatmaybeuniquetotheSacramentoValleyareaWe
haveknownformanyyearsthatencephalitisvirusesareac
tiveinthisregionWealsohavebeencognizantthatthisre
gionofwatersurplusproducesimpressiveandattimesin
tolerablenumbersofCtarsalisAnophelesfreeborniand
AedesmosquitoesHistoricallymalariawasendemicin
manycommunitiesbutdisappearedWeexplainthedisap
pearanceofthediseaselargelyonthebasisofculturaland
agriculturalchangesandinthelowstatusofmaninAfree
bornifeedingpreferencesEffectivecontrolofAnopheles
wasatbestamarginalcontributortothedisappearanceof
malariaInthecaseofmalariawedealtwithadiseasethat

wasdependentonmantomantransmissionbyavectorand
anydecreaseintheprobabilitythatthemosquitowouldre
peatedlybitemaneffectivelystoppedtransmissionTheen
cephalitisvirusesaredifferentinthatmanandhorseareac
cidentalhostsandarenotessentialtoormajoradditivesto
thebasictransmissioncycleWecontinueeachyeartohave



confirmedWEEandSLEintheSacramentoValleyand
thisisnotsurprisingasthereisaconstantlyincreasing pop

ulationofpersonsinareaswherethevirusesareactive

WearedevelopingaresearchprojectinButteandGlenn
countiesthisregionisbelievedtoberepresentativeofthe
SacramentoValleyTheobjectiveofthestudywillbeto
developaswedidearlierinKernCountyaknowledgeof
thefactorsthatinfluenceviraltransmissionandtheriskof
humaninfectionWeshouldnotandcannotanticipatethe
findingsofthisresearchbutIwillbeguiltyofspeculation
inexplainingsomeoftheearlierobservationsthatwere
madeinthisregionassuchspeculationhasledtosome
newconceptsandhypothesesthatmaybesignificant

AseriesofstudiesbystaffoftheStateDepartmentof
PublicHealthrevealedthatCtarsalispopulationsinthe
SacramentoValleyfrequentlywerelargerthanintheSan
JoaquinValleybutthiscouldnotbecorrelatedwithhigher
levelsofviraltransmissionorhigherratesofclinicaldisease
Longshoreetal1960Wehaveexaminedrecordsaccu
mulatedfromtheproposedstudyareaduringthepastsum
meronlighttrapcollectionsclinicalcasesandthedistribu
tionofantibodiesinchickensThelighttrapindexforfe
maleCtarsalisintheButteCountydistrictaveragedalmost
twicethatoftheKerndistrictandthetrapindexforWil
lowsaveraged10to50foldhigherthanthosefromcom
parablesizedruralcommunitiesinKernCountyInspiteof
thesemajordifferencesinvectorabundancetherewereno
confirmedhumancasesofWEEorSLEinGlennorButte

Countyin1968althoughtherehavebeencasesinmost
summersHowcanoneexplaintheseobservationsFirstI
willcommentonWillowsandsimilarrelativelysmallrural
communitiesinthisregionEverypersoninacommunity
ofthistypeisundoubtedlyahighriskofbeingbittenby
CtarsalisandofinfectionwithWEEandSLEviruseseach

summerHoweverthepopulationinthecommunityis
smallrelativelystableandIsuspecthasaveryhighpro
portionofpersonswithimmunitytobothvirusesasare
sultofpriorinapparentinfectionThenumberofpersons
infectedforthefirsttimeeachyearandwhoareatriskof
developingencephalitisisverysmallThemosquitoescarry
onanimmunizationcliniceachsummerthatmaintainsim

munityinmostofthepersonsAsforallimmunization
clinicsmanypersonsbelievethatthebiteofthemosquito
ortheneedleisanaggravationandsomethingtobeavoided
Inthisinstanceimmunizationbyinapparentinfectionand
theaccumulationofimmunepersonsinthepopulationcan
actuallypreventclinicaldiseaseandhidethepresenceof
thevirusesAtthesametimeanysusceptibletransientor
immigrantpersonwhocomesintoorpassesthroughthe
areaisathighriskofbecominginfectedandmaydevelop
encephalitis

Thenextquestioniswhatistobeexpectedasnewcon
trolprogramsareestablishedinsuchareasandtheestablish
edprogramsincreaseineffectivenessAlldataindicatethat
femaleCtarsalisareextremelymobileAhighlyeffective
larvicidalandsourcereductionprogramthatislimitedtoan

areaofseveralhundredsquaremilesmayresultinrelief
frompestnumbersofCtarsalisbutsufficientfemaleC
tarsaliswillinfiltratefromsurroundinguncontrolledareas
tomaintainviraltransmissionandariskofhumaninfec

tionThuswearriveattheconceptthateffectivereduction
ofaCtarsalispopulationandviraltransmissionmayre
quirethatcontrolbeestablishedoveraregionof1000or
moresquaremilestoprotecturbanandsuburbanareas
fromsignificantinfiltrationbythevectorandthevirusesit
carries

EarlierIdiscussedtheconceptsofthresholdlevelsof
vectorpopulationthatarenecessaryforsignificantexpo
sureofmantoriskofinfectionanddiseaseandthatamuch
lowerlevelofvectorpopulationmustbeachievedtointer

ruptthebasictransmissioncycleIwanttopresentbriefly
stillanotherconceptandhypothesisthathasevolvedand
ifconfirmedwillbeimportanttoanunderstandingofthe
impactofCtarsaliscontrolonviraltransmissioncyclesAll
ofyouknowofsituationswherethereiseithernoormini

malCtarsaliscontrolandwhereCtarsalisisextremelya
bundantWehavehadtheopportunitytostudyviraltrans
missionatlocalitiesintheSanJoaquinandSacramentoval
leyswherelighttraporbaittrapindicesforCtarsaliswere
500ormorefemalespernightHoweverwehavealsofre
quentlyobservedthatneitherthemosquitoinfectionrates
northeefficiencyoftransmissionnecessarilyincreasedin
thesecircumstancesaswemighthaveexpectedConcurrent
studiesinareaswithCtarsalisindicesinthe20to50range
revealedwhatseemedtobemoreeffectivelevelsofviral

transmissionthanatthehigherpopulationlevelsIfthisis
indeedthecaseanditcanbedocumentedbyfurtherobser
vationitdemandsanexplanationasitimpliesthereisalso
athresholdlevelforvectorpopulationabovewhichviral
transmissioninthebasiccyclebecomeslessefficientThe
practicalsignificanceofsuchaneventwouldbethatthees
tablishmentofacontroleffortinaregionthathadanex
cessivepopulationofCtarsalisthatwasinefficientlytrans
mittingvirusmightreducethatpopulationforaperiodtoa
levelwhereviraltransmissionwouldbemoreefficientIt

mighttakesometimeoranacceleratedeffortinthecontrol
programtoreducethevectorpopulationtoalevelwhere
therewasminimalriskofhumaninfectionIftheabovehy
pothesisistruealogicalexplanationwouldbethatavian
hoststhatareessentialtoviraltransmissionhaveatolerance

levelinthenumberofvectorstheywillallowtobitethem
beforetheybecomereactiveandphysicallyresistfurtherat
tacksRejectionofvectorfeedingcouldleadtoanincreased
feedingbythevectorsonotheranimalsincludingman
thatarenotsuitableviralhostseventhoughtheymaybe
susceptibletothediseaseandthusdampentheefficiency
ofviraltransmissionThereissomeevidencefromstudies

weandothershavedonewithbirdsDowetal1957that
thereisatolerancethresholdofhoststovectorattackand

alsosomeevidencefrombloodmealstudiesTempeliset
al1965thatanincreasedproportionoffeedingsonnon
avianhostsoccurswhenCtarsalispopulationsareunusual

5



lydense

Itisamostdisturbingconceptthattheremightbea
phaseofincreasedviraltransmissionduringaperiodinthe
establishmentofacontrolprogramorasaresultofapro
gramwhereresourceswouldonlyallowapartialreduction
ofalargeCtarsalispopulationHoweverthisconcept
wouldexplaindilemmasposedbyearlierstudieswhenex
cessCtarsalispopulationswerenotalwaysassociatedwith
increasedviralactivityandcontinuedhighlevelsofviral
transmissionoccurredinthepresenceofpartiallysuccessful
controlIbelievethisisoneofthemostchallengingques
tionsthatwefaceinresearchontheencephalitisviruses

1hopemycommentshaveachievedtheirpurposeoffur
therorientationonevolvingconceptsofencephalitispre
ventioninCaliforniaLesttherebeanyquestionhowever
Icontinuetobelievethatheonlypracticalmeansforcon
trolofthesediseasesistocontroltheprimarymosquito
vectorCtarsalis
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Iamverypleasedindeedtobeaskedforareturnen

gagementHopefullythisndicatesthatmylastpresentation
Schmidt1968wasofinteresttothisgroupIwillcover
brieflysomeofthehighlightsofthemosquitoresearchdone
inourlaboratoriesand2tourfieldstationsduring1968
Theresultsdiscussedheretodayareresearchresultsand

6

ClaudeHSchmidt

EntomologyResearchDivisionAgrResServUSDA
BeltsvilleMaryland

manyofthecompoundstestedarenotyetclearedforuse
Mentionshouldthereforenotbeconstruedasendorsement
bytheUSDAAsmanyofyouareawaremuchofthere
searchoftheBranchisconductedonacooperativebasis
sincethefastestwaytogetaheadistopooltalentsandre
sourcesWehavebeenfortunatetohavehadthecomplete
cooperationofmosquitocontroldistrictsandoftheArmed
ForcestomentionjusttwogroupsAlsoinCaliforniawe
havecooperatedwiththeBureauofVectorControland

SolidWasteManagementformanyyearsandhavealso
undertakenseveralcooperativeprojectswithpersonsfrom
theuniversitiesinCaliforniaandelsewhere

Larvicides Eventhoughlarvicidesarenotinthelime
lighttotheextenttheywereafewyearsagotheyhave
beeneclipsedbyadulticidesandbysuchsophisticatedtech
niquesasultralowvolumeapplicationtheystillhavea
definiteplaceinmosquitocontrolandsomeresearchis
continuingForexamplemanycompoundsarestillre
ceivingprimaryscreeningattheGainesvilleFloridalabora
toryandthosethatareeffectiveat01ppmandhavean
LD50of50mgkgorhighertoratsormicegothroughthe
secondaryscreeningtodeterminethedosemortalityre
sponsesGlanceyetal1969areportedtheresultsobtained
with14promisingcompoundsWhentheytestedDursban
andBay78182against4thinstarlarvaeof4nopheles
quadrimaculatusSayDursbanwasabout45timesandBay
78182wasabout3timesastoxicastheDDTstandard

0013ppmonthebasisofthecomputedLC90Fiveof
the14compoundshadmammaliantoxicitiesoralLD50
toratsofover1000mgkgAlsooilemulsionsofABATE
andDursbanweretestedagainstmosquitolarvaeinOregon
logpondsbyLewisandChristenson1968Theminimum
effectiverateofapplicationofbothmaterialswas002lb
acrebutwhentheratewasincreasedto0035lbacre
Dursbangave175daysofprotectioncomparedwithonly
5withABATEThestandardusedinthesetestswasfenthion

at01lbacrewhichgave11daysofprotection
Withlarvicidesitisofinteresttoknowhowmuchma

terialispresentinanaqueoussuspensionofalarvicideand
alsohowmuchmateriallarvaeaccumulatebeforetheydie
Bowmanetal1969thereforeusedgaschromatography
todeterminetheresidueofABATEinexposedlarvaeof
CulexpipiensquinquefasciatusSayandtheactualamounts
inthetestsuspensionsTheanalyticaltechniquesweresen
sitivetoabout2nanogramsabillionthofagramofABATE
Itisdifficulttoappreciateorgraspsuchfiguresperhapsan
analogywouldbeusefulIfyouadded4dropsofvermouth
toa105000galtankcarofginandmixedwellyouwould
haveroughlyonenanogramofvermouthgramofgin and

amightydrymartiniWhenthemosquitolarvaewere
placedinasuspensionofABATEat01ppmfor120minutes
theresiduewasabout10nanogramslarvaeAstheconcen
trationofABATEwasincreasedto1andthento10ppm
theamountofABATEinthelarvaeincreasedroughlyparal
leltotheincreaseinconcentrationThephysicalbehavior
ofABATEinthesuspensionwasinterestingTheinvestigators



noticedthatina16daytestnoneoftheABATEinjarswas
lostorchemicallyalteredinsteadthepesticidetendedto
settletothebottomofthecontainersortoclingtothein
nersurfacesquiteadifferentfindingfromthatobserved
earlierwithDDTwhichwaslostrapidlyfromthewatersur
facebycodistillation

Adulticides Afterpromisingadulticideshaveproved
successfulinlaboratoryevaluationstheyaregivenprelim
inaryfieldevaluationasthermalornonthermalfogsagainst
cagedmosquitoesIfthematerialsstilllookgoodtheyare
thenevaluatedbymakinggroundandaerialapplications
againstnaturalpopulationsofmosquitoesThemostrecent
reviewofadulticideswasmadebyLofgrenetal1967
theresearchIamreportingtodayhasbeenperformedsince
theirreviewappeared

Glanceyetal1969breportedthatpromisingresults
hadbeenobtainedinlaboratorywindtunneltestswith11
of114compoundsagainstadultAedestaeniorhynchus
WiedemannThemosteffectivecompoundwasBay
62863whichwasabout4timesaseffectiveasthemala

thionstandardwhentheLC90levelswerecomparedAlso
Bay78182wastwiceaseffectiveDursbanBay77488and
MontecatiniL561were1timesaseffectiveasmalathion
andUpjohnU24157UpjohnU18120andCIBAC9643
wereaboutequaltothestandardineffectivenessThese11

compoundswillnowbefieldtestedtodeterminetheirpo
tentialusefulnessandmanyofthemareofparticularinter
estbecausetheyhavelowmammaliantoxicitiesontheor
derof1000mgkg

Alsosinceearlierresultsshowedthatnonthermaland

thermalaerosolswereequallyeffectiveMountetal1969c
comparedtheresultsobtainedwhen6newinsecticideswere
dispersedfromaCurtisModel55000nonthermalaerosol
generatoragainstcagedAtaeniorhynchusFenthionmal
athionandnaledwereusedasstandardsGeigyGS13005
wasaboutequivalenttofenthionBay77488Bay78182
andMontecatiniL561werelesseffectivethanfenthionbut
equaltonaledandCIBAC9643wasmuchlesseffective
thanfenthionornaledbut1timesbetterthanmalathion

Bromophoswasnotquiteasgoodasmalathion

TheultralowvolumesULVspraytechniquelookedso
encouragingthattwofieldtestsweremadeLofgrenetal
1968investigatedtheeffectivenessofmalathionandfen
thionforthecontrolofAnophelesalbimanusWiedemann
andAnophelestriannulatusNeivaandPintointhePana
maCanalZoneThematerialswereappliedbyhelicopter
attherateof01lbacreoffenthionand0225lbacreof

malathiontheusualrecommendeddoseintheUStoplots
ofabout120acresAttheseratesthecontrolofanophe
linesinthesejungleswasunsatisfactoryHoweverwhenthe
dosewasincreasedaboutthreefoldgoodcontrolwasob
tainedforaslongas2530hoursaftersprayingAsthese

1WeusuallylimitthetermULVtoapplicationofthetechnical
undilutedinsecticide

investigatorspointedoutThisstudyobviouslyprovided
onlyalimitedapproachtotheproblemofmosquitocon
trolinjunglesandothermethodsbesidesincreaseddosages
shouldbeinvestigatedAstudyontherelationshipbetween
dropletsizeandpenetrationthroughthecanopywouldbe
ofparticularinterestInthesecondfieldtestMountetal
1969bevaluatedmalathionagainstadultmosquitoesat
EielsonAirForceBasenearFairbanksAlaskaTheinsec
ticidewasappliedfromthegroundasanaerosolwithamil
itarythermalaerosolgeneratorthatmovedataspeedof5
mileshourandwascalibratedtodeliver40galofliquid
hourandfromtheairasanULVaerialsprayfromaC123
aircraftequippedwith38DZ13hollowconetipsand
flownataspeedof150mphandanaltitudeof150ftwith
aresultingswathwidthof500ftInthegroundapplications
malathionwas7timesmoreeffectivethanDDTagainst
cagedCulisetaalaskaensisLudlowandalsogavesatisfac
torycontrolofnaturalinfestationsofadultmosquitoes
predominantlyAedesspeciesTheaerialapplicationof314
ozacretechnicalmalathiongaveexcellentcontrolofadult
Aedesspeciesfor4daysposttreatment

ResidualSprays Themaintechniqueusedtointerrupt
thecycleoftransmissionofmalariaisresidualsprayingof
insecticidesinhomesandotherbuildingsAftercandidate
compoundshavepassedapreliminarylaboratoryscreening
testthemorepromisingonesareevaluatedinfieldtestsin
buildingsnearricefieldsinArkansasandLouisianaOfthe
570compoundstestedbyGahanetal1967from1962to
1967attheGainesvilleFloridalaboratoryagainstAquad
rimaculatus42producedbetterthan70mortalitythrough
4weeksandadditionaltestsindicatedthat5materialswith

lowmammaliantoxicityandonewithmoderatetoxicity
werehighlyeffectiveforatleast6monthswhentheywere
appliedtoplywoodboardsattherateof1gmThema
terialsBay38799Bay77488Bay78182DursbanNeo
pynaminandUC8454werethereforecomparedbyGahan
etal1968with2standardmaterialsBay39007Bay
gonandcarbarylasresidualspraysinfieldtestsnear
StuttgartArkansasThesetreatmentswereappliedatthe
rateof2gmDursbanwasasgoodastheBaygonstan
dardandbetterthanthecarbarylstandardoverthe1012
weeksofthetestNeopynaminwaseffectiveonly4weeks
Theother4compoundsproducedatleast99controldur
ingmostofthetestandweremuchbetterthanthecarbaryl
standard

AsyouundoubtedlyknowtheDepartmentoftheArmy
iskeenlyawareoftheproblemofmalariainoverseasareas
ThereforeattherequestoftheArmypersonnelatthe
GainesvilleFloridalaboratoryundertookteststodetermine
theeffectofinsecticidalresiduesoncanvastentingAltman
andGahan1969Inthelaboratorywettablepowdersand
emulsifiableconcentratesofDursbandiazinonandBaygon
wereeffectiveagainstadultAquadrimaculatusfor24weeks
whentheywereexposedfor1hourtocanvastreatedata
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rateof2gmAwettablepowderofMobamwaseffec
tiveforthesameperiodhowevertheemulsifiable concen

tratefailedbetweenthefirstandfourthweeksmalathion
chlordaneandDDTwereineffectivethefirstweekThe
materialswerethenfieldtestedongeneralpurposeArmy
tentsinthePanamaCanalZoneagainstAalbimanusWhen
Dursbanwasappliedatarateof1gmitwaseffectivefor
5weeksandtheothermaterialsexceptDDTwereonlyef
fective2weeksorlessDDTwasagainineffectivewhich
wassurprisingResistancetoDDTwasnotinvolvedand
DDTwettablepowderappliedtowoodsurfacesprotected
fromrainanddirectsunlightwereeffectiveforover6
monthssothetypeofsurfaceandweatheringwereimpli
cated

ResistancetoInsecticide Malathionhasbeenusedex

tensivelythepast8yearsiocontroladultAtaeniorhynchus
inFloridaInthattimeresistancehasincreasedtotenfold
thedoserequiredfor90controlincreasedfrom0062in
1959to0681bacrein1966Glanceyetal1969cScreen
ingtestsmadetofindalternativesafechemicalshave
thereforecontinuedFieldtestsweremadein10to50
acreplotsincitrusgrovesborderingsaltmarshesMaterials
wereappliedwithaStearmanPT17ownedbytheBrevard
MosquitoControlDistrictattherateof23qtofsprayacre
dispersedat100ftwideswathsTheresultsof5yearsof
testingmaterialsasemulsionsandorassolutionsinfueloil
weresummarizedbyGlanceyetal1968Over89con
trolwasobtainedwithfueloilsolutionsofDursban0025
to01lbacreShellSD8211andBay4183101lbacre
andfenthion00502lbacrewateremulsifiableformu
lationsofBay39007005and01lbacreandnaled02
lbacregavemorethan94control

Aedestaeniorhynchusisnottheonlymosquitothathas
becomeresistanttomalathionWhencollectionsofAedes
sollicitansWalkermadeatLangleyAirForceBasein1967
and1968aftermorethan10yearsofapplicationsofmala
thionwerebroughttoGainesvilleFloridaadultstested
withcontactspraywerehighlyresistanttomalathionabout
100200timesattheLC90levelHowevertheywerestill
susceptibletonaledandfenthionMountetal1969a

InsectRepellentsandAttractants TheBranchisstill

vitallyinterestedininsectrepellentsandislookingformore
effectivelongerlastingcompoundsandnewwaysinwhich
tousethemAscreeningprogramwasestablishedtolocate
anddevelopsuchrepellentsthatwouldbeeffectiveatacon
siderabledistancefromtheirsourceforwantofabetter
termyoumightcallthemspacerepellentsIreportedon
somepreliminaryscreeningresultslastyearStudiesarecon
tinuingtodeterminethemostappropriatemeshsizefornet
tingandthemosteffecientamountofrepellenttoimpreg
natethenettingInitiallaboratoryscreeningisdoneinan
olfactometerwithlaboratorymosquitoesthenthebetter
materialsarefieldtestedagainstnativepopulationsGouck
andMoussa1969treated4meshinchpressedcottonbed
netswithdeetorM1960amixtureof30benzolbenzo
ate30Nbutylacetanilide302butyl13propanediol

and10emulsifierattherateof5gramsofdeetorthe
mixturetoonegramofthenettingandtestedtheminBang
kokThailandagainstnaturalpopulationsofCulexpipiens
quinquefasciatusSayandAedesaegyptiLThebednet
treatedwithdeetprovidedcompleteprotectionfor17weeks
againstCpquinquefasciatusandfor16weeksagainstA
aegyptithenettreatedwithM1960providedcomplete
protectionagainstbothspeciesfor15weeks

Researchisalsocontinuingoninsectattractantsreally
theothersideofthecoinIfmorewereknownaboutthe
factorsthatareresponsiblefortheattractionofmosquitoes
moreeffectivewaysofkeepingthemoffcouldbedeveloped
Goucketal1968developedanewtechniqueforscreen
ingchemicalsbyusingAaegyptitheyblendedlowconcen
trationsofcarbondioxidewiththeeffluentofthetestma

terialbeforeitwaspresentedtothemosquitoesTwenty
threeof104materialstestedbythistechniqueattractedfe
maleAaegypti

MayerandJames1969abuiltanothertypeofolfacto
meterthatallowedthemtoobservebehavioralresponsesof
mosquitoestoelectromagneticradiationemanatingfroma
hostplaceddownwindorfromasecondhostplacedup
windTheyfoundthatcarbondioxidewasapparently
synergisticwitharmodorsinattractingfemaleAaegypti
Whenthesubjectsarmwasrinsedwitheitherwaterorace

tonetheattractancywasreducedandtheeffectwaspar
ticularlypronouncedwithacetoneInfurtherstudiesofthe

effectsofcarbondioxideandtheresponsesofAaegypti
MayerandJames1969btheynoticedthatincreasingthe
amountofcarbondioxidehadnoeffectonthespeedofre
sponseofthemosquitoesandconcludedthatcarbondiox
ideaffectedthecentralnervoussystemofthefemale

Acreeetal1968wereabletoisolateandidentifyone
ofthemajorcomponentsofattractancyLlacticacidfrom
humansthatattractfemaleAaegyptitheculminationofa
10yearsearchforthematerialsthatattractmosquitoesto
humansTheyobtainedagoodcorrelationbetweenthe
quantityoflacticacidpresentandtheattractivenessofan
individualandtheyfoundthattheeffectoflacticacidde
pendsonitsformTheLisomerwas5timesasattractiveto

mosquitoesastheDisomerandwaseffectiveatverylow
concentrationsTennanogramspluscarbondioxideattract
edupto75ofcagedAaegyptiwithin3minutes

SterileMaleTechniqueDespitesomesetbacksandme
diocresuccesseswithseveralspeciesofmosquitoesthe
searchforpossibleusesofthesterilemaletechniquewith
mosquitoesisstillbeingvigorouslypursuedIntheprocess
researchersareobtainingagreaterdealofbasicbiological
informationDarrow1968studiedtheeffectsofgamma
irradiationonstagesofCulextarsalisCoquillettandnoted
thatwhenpupaewereirradiatedwithdosesof10125and
15krthefeedingofthefemalewasreducedbutthelife
spanofthemaleswasnotaffectedandtherewasonlya
slighteffectonthelifespanoffemalesSmittle1968in
vestigatedtheeffectofgammairradiationoffemaleCp



quinquefasciatusandfoundthatwhenonedayoldpupae
wereexposedto29krofgammairradiationtheaverage
numberofeggsraftdecreasedasthedoseincreasedat7kr
andabovenoeggsweredepositedSinceonly60sterility
wasobtainedat6krcompletesterilitycanapparentlyonly
beobtainedbypreventingeggproduction

Investigatorsarestilltryingtofindoutwhetherthe
sterilemaletechniquecanbeusedsuccessfullywithA
quadrimaculatusPattersonetal1968ausedalargecaged
populationtostudywhateffectthechemosterilizedmales
wouldhaveandtoprovideaninsightintobehaviorandsur
vivalinseminaturalconditionsThelarge40x16x12foot
cagecontainedasmallshedwhereacalfwasstabledtoserve

asabloodsourceformosquitoesduringthetestsAlthough
sterilemalereleasesweremadefora2monthperiodandas
muchas90ofthefemaleslaidsterileeggsorsterileegg
batchescontrolofthepopulationwasnotachievedThe
mainreasonswerepoorsurvivalandlackofcompetitiveness
ofthesterilemalesprobablycausedbyrearingconditions
andexcesshandlingTheinvestigatorsconcludedthatUn
tilamorehardyandsexuallyvigorousmaleAquadrimac
ulatuscanberearedinthelaboratorytheuseofthesterile
maletechniquetocontrolthisinsectseemsimpractical

ThepossibilityofusingsterilemalestocontrolC p

quinquefasciatuslooksbetterTheworktodateandthe

prognosisweresummarizedbyPattersonandLofgren
1969AnattemptwasmadetocontrolCpquinque
fasciatusinanoutdoorcagebyreleasingmalessterilized
withapholatePattersonetal1968bUnfortunatelythe
testhadtobediscontinuedafter9weeksbecauseofthe
adventofcoldweatherHoweveratthattimetheratioof
treatedtonormalmaleswas231and52oftheeggrafts
weresterileThelackofnormalcompetitivenesswithsterile
maleswasprobablycausedbypoorsurvivalafterrelease
Certainlythereisarealneedforgoodstandardizedmass
rearingtechniquesthatwillproducehardycompetitive
malemosquitoes

Pattersonetal1968breportedtheuseofradioactive
phosphorustodeterminetheamountanddistributionof

P3inthereproductivesystemofmaleCpquinque
fasciatusexposedaslarvaetosolutionscontainingP
TheyalsoinvestigatedtheamountofPtransferredbythe
treatedmalesduringmatingThereproductiveorgansofthe
adultmalecontainedabout086ofthetotalradioactivity
andaboutathirdofthisamountwasintheaccessoryglands
Duringmatingabout009ofthemaleradioactivitywas
transferredtothefemalesandradioactivemaleswereas

competitiveasnormalmalesIncontrastSmittleetal
1969foundthattheamountofPtransferredbyadult
maleAnophelesquadrimaculatustreatedwithPduring
thelarvalstageswasonlyalittlemorethanhalfthatfound
forCpquinquefasciatusTheirlaboratorymaleswerecap
ableofinseminatingnativefemales

BiologicalControl ThisyearIwillintentionallyomit
sayinganythingaboutbiologicalcontrolbecauseyouwill

havetheopportunitytogettheinformationstraightfrom
thehorsesmouthsotospeakDrHaroldChapmanour
InvestigationsLeaderattheLakeCharlesLouisianalabor

atoryisleadingapanelonthisverysubjectatthismeeting

ControloftheTsetseFly Thankfullytsetseflies
Glossinaspparenotapartofthenormalactivitiesofthis
groupandarenotaproblemintheUnitedStatesthough
theyareatremendousprobleminAfricabecausetheyare
vectorsoftrypanosomiasissleepingsicknessinmanandof
naganaafataldiseaseincattleTheflyispresentinover4
millionsquaremilesofAfricaroughlyfrom10Nlatitude
toalittlebelow28SlatitudeItspresenceisalsoagreatob
stacletothedevelopmentofthefullpotentialofmeatpro
ductionThewordtsetsehasaninterestingoriginitwas
firstusedbysomeofthetribesinBechuanalandandmeans
flydestructivetocattle

Before1reviewsomeoftheworkwehavebeendoing
underAIDsponsorshipinRhodesialetmespendaminute
ortwoonsomeaspectsoftheveryinterestingbiologyof
thetsetseflyusingGlossinamorsitansWestwoodasanex
ampleThisflyismediumsizedabout38ofaninchlong
ratherlonglivedandthemeanageofthefemaleisabout
72daysFemaletsetsefliesdifferfrommostfliesinthat

theygivebirthtofullygrownlarvaebyextrudingthen
singlyatintervalsofabout1015daysduringtheirlifetime
Thefertilizedegghatchesinsidethefemaleflyanddevelops
therethroughtwolarvalstageswhilethelarvafeedson
fluidfromspecialglandscommonlyreferredtoasmilk
glandsThusthefemalerequiresaboutthreebloodmeals
duringeachlarvaldevelopmentalperiodWhenthefullyde
velopedcreamywhitetopaleyellowlarvaisdepositedor
extrudedontothegrounditquicklyburrowsintothesoil
whereitstaystopupateaperiodof34weeksormorede
pendingonsoiltemperatureandsoilmoistureAfemale
thereforerarelylaysmorethan5or6larvaeduringher
lifetimeanimportantfactandanobstacleifoneistrying
torearlargenumbersoftsetseflies

Currentmethodsofcontrollingthetsetseflyincludein
secticidesbushclearingandgameeliminationallofwhich
arecostlyandvaryagreatdealineffectivenessControlby
sexualsterilizationisanotherpossibilityespeciallyifit
couldbeusedaspartofintegratedcontrolprogramsUse
ofthemethodofcourseisdependentontheabilityto
rearlargenumbersoftsetsefliessterilizethemandrelease
themwithoutaffectingtheirvigororbehaviorThestudies
wehavemadeandtheprospectsofcontrolbythesterile
maletechniqueweresummarizedbyDame1968aand
1968bTheinvestigationsincludedresearchonsterility
rearingandreleaseofsterilemalesItprovedpossibleto
sterilizeadulttsetseflieseitherbytreatingthemwitha

chemosterilantsuchasteparesidualdepositsorexposure
inawindtunnelorbyirradiationofthepupaeoradults
withdosesof8000 15000radsand8000 12000

radsrespectivelyDeanetal1969Theflieswerecom
petitiveinsmallandlargefieldcagetestsbutinthelarge
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fieldcagetestthetreatedmalesapparentlydidnotcom
petefornativefemalesasreadilyastheuntreatedmales

During1967afieldreleaseprogramwasattemptedon
anisolatedareaofabout2squaremilesthathadbeentreat
edwithlindanetoreducethenaturalflypopulationDame
I968cThenadultmaleGmorsitanswerereleasedafter
havingbeensterilizedbycontactexposuretotepaandre
leasedwhentheywere03daysoldTheseadultscame
fromfieldcollectedpupaesincecurrentrearingmethods
arenotadequateforlargescalefieldtrialsThereleased
malessurvivedpoorlyinthefieldandtheprogramwasdis
continuedafter180dayswithoutachievingcontrolofthe
nativepopulationHoweverinotherstudiesmadeatthe
sametimeuntreatedadultshadasimilarpoorrateofsur
vivalwhentheywerereleasedinthefieldAnotherfield
testwasthereforebegunnwhichlargernumbersofsterile
fliesarebeingreleasedtocompensateforthereducedrate
ofsurvivalTheevaluationofthistestisnotyetcompleted

ControlofBodyLice Researchiscontinuingatthe
GainesvilleFloridalaboratorytodevolopmoreeffective
powdersforthecontrolofthehumanbodylousePedi
eulushumanushumanusL thevectoroflouseborne

typhusTheprogramincludeslaboratoryscreeningstudies
sleevetestswithhumanvolunteersandfinallytestswith
naturallyinfestedhumanvolunteersColeetal1969b
reportedontheresultsobtainedfromsleevetestsovera
3yearperiodPowdercontaining2ABATE5Mobamor

2GeigyGS12968killed100oftheliceexposedfor6
weeks

Licefromvariouspartsoftheworldhavedevelopedre
sistancetolousepowdercontainingDDTorlindanethough
notintheUSbutasyetnoresistancetomalathionhasbeen
reportedColeetal1969afoundthatwhen3strainsone
susceptiblethesecondresistanttoDDTandthethirdre

sistanttolindaneweretreatedwithmalathioneverygen
erationfor2244generationsnonedevelopedanydegree
ofresistancebut2showedabouta2foldincreaseintol

eranceHoweverthisdoesnotprovethatresistancetomal
athioncouldnotdevelopinfieldpopulationsexposedto
selection

ControloftheOrientalRatFleaMoreefficientlabora
toryscreeningtechniquesfortheevaluationofchemicals

forthecontroloftheorientalratfleaXenopsyllacheopis
RothschildweredevelopedbyBurdenandSmittle1968
Themorepromisingtoxicantsweretestedbyexposingthe
fleastodustformulationsonsoilLC95valueswereusedto
rateactivityClarkandCole1968a1968barecontinuing
theirveryinterestingstudiesontheevaluationofsystemic
insecticidesforthecontroloforientalratfleasFoureffec

tivecompoundsarereportedClarkandCole1968bIf
effectivesystemicinsecticdidescouldbeincorporatedinrat
baitthenthefleaswouldbekilledandwouldnotjumpoff
thedyingrodentsashappenswhenratbaitsaloneareused
thusreducingthepossibletransmissionofplague
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VECTORCONTROLDEVELOPMENTS
OFINTERESTTOCALIFORNIA

JamesVSmith

EnvironmentalControlAdministration

USDepartmentofHealthEducationandWelfare
AtlantaGeorgia

AboutoneyearagoattheThirtySixthAnnualConfer
enceoftheCaliforniaMosquitoControlAssociationDr

JohnRBagbyDeputyDirectoroftheCommunicableDis
easeCentertalkedtoyouabouttherecentdevelopments
invectorcontrolattheNationalCommunicableDisease
CenterHechosetodiscusssomeaspectsofthereorganiza
tionorasheputittherebirthofthePublicHealthSer
vicebroughtonbyanextensivereorganizationthathad
itsbeginningabout18monthsagoAtthattimetherea
lignmentaffectedtheNationalCommunicableDiseaseCen
terCDCprimarilybytheadditionofprogramactivities
Youmayrecallthattheadditionsincludedwhatisnowthe
MalariaControlProgramthePesticidesProgramandthe
ForeignQuarantineProgramFurtherrealignmentwithin
CDCinvolvedtheconsolidationofdomesticvectorcontrol
activitiesbytheadministrativeadditiontotheAedes

aegyptiEradicationProgramofvectortrainingconsulta
tionandotheractivitiesrelatedtovectorsofdiseaseDr
Bagbyfurtherreferredtothemostrecentadditiontothe
Centerinthevectorcontrolfieldwhichresultedwhenthe
decisionwasmadelatein1967toestablishCDCasthea

gencyresponsiblefortheadministrationofthewellpubli
cizedlegislationconcerningthecontrolofdomesticratsin
urbancenters

Ihaverecountedtheseeventsof1967asrelevanttomy
remarksthisyearonrecentdevelopmentsinvectorcontrol
whichmaybeofinteresttoyouforinJulyof1968the
laborpainsassociatedwiththeextensivereorganizationor
rebirthofthePublicHealthServicebecamegreatlyintensi
fiedandeventuallytripletswerebornNaturallytheoff
springcarrysomeparentalcharacteristicswhichshownot
onlythattheyarerelatedbutinsomeareasmakeitdiffi
culttodistinguishthem

Thethreeoffspringcreatedareundoubtedlyfamiliarto
mostofyouTheyarethethreemainorganizationaldivi
sionsofthePublicHealthServicetheNationalInstitutes

ofHealthNIHtheHealthServicesandMentalHealth
AdministrationNSMHAandtheConsumerProtection
andEnvironmentalHealthServiceCPEHSIdonotin
tendtoelaboratefurtherontherealignedandnewlycreat
edactivitiesintheseorganizationsexceptwhereitmayin
partgivesomefactsrelatedtotheadministrativechangesin
whichyoumayhaveaninterest

ThenewlycreatedConsumerProtectionandEnviron

mentalHealthServiceconsistsoftheFoodandDrugAd
ministrationtheNationalAirPollutionControlAdminis

trationandtheEnvironmentalControlAdministrationThe

firsttwoarefamiliarbuttheEnvironmentalControl

AdministrationECAisanewcreationconsistingof
programsbroughttogetherfromtheformerCenterfor
UrbanandIndustrialHealthinCincinnatiRadiological
HealthandvariousotheractivitiesAmongtheseotherac
tivitiesistheAedesaegyptiEradicationProgramwhichwas
transferredfromtheCommunicableDiseaseCentertothe
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EnvironmentalControlAdministrationAtthesametime
thePesticidesProgramwasmovedfromCDCtotheFood
andDrugAdministration

DuringthereorganizationtheDREWmadeathorough
reviewofallitsprogramstoinsurethatcompliancewith
PublicLaw90364theRevenueandExpenditureControl
Actof1968wouldresultintheleastpossibledisruptionof
programactivitieswhichhaveanimmediateanddirectbear
ingonthepublichealthandwelfare

Tothegreatestextentpossibleanattemptwasmadeto
effecttherequiredeconomiesinsuchawayastominimize
thenecessityofterminatingcompletelyanyongoingpro
gramsNeverthelessanumberofimportantactivitieshad
tobeeliminatedandothershadtobecurtailedinvarying
degreeAmongthelatteristheprograminitiatedinthe
UnitedStatesin1963aspartofacooperativeeffortwith
othernationstoeliminatethevectorofyellowfeverinthe
WesternHemisphereThiswastheAedesaegyptimosquito
eradicationprogram

Inviewofthepresentbudgetarysituationthedecision
wasmadetoreducethecurrentfundingsoseverelythatall
fielderadicationworkhasbeeneliminatedandtheremain

ingprogramisbeinglimitedtoresearchdevelopmentand
demonstrationactivitiesonneweradicationtechniques

Asidefrombudgetaryconsiderationsarecentreviewof
thetotalprogrambyspecialistsfromthePanAmerican
HealthOrganizationandourownagencyrevealedthaterad
icationofAaegyptiintheUnitedStatesundercurrent
methodologywouldrequiremajorincreasesinannualfund
inglevelsThiswasconsideredtobeneitherpracticablenor
ofsufficientlyhighhealthpriorityatthistime

TheredirectionofemphasisontheAaegyptieradica
tionprogramplacesmajorsupportoneffortstodevelop
moreefficientormoreeconomicaltechniquesforelimi
natingthemosquitoAleastfourdistinctareasofresearch
aretobeundertakentoimplementthischargeTheseare
ecologicstudiesgeneticcontrolstudiesbiologiccontrol
studiesandchemicalcontrolstudiesActivitiesinthese
areaswillbeinitiatedwiththelimitedfundsavailable

Themultiplicityofinterrelationshipsbetweenanyorgan
ismandtheenvironmentinwhichitoccursprovidesforan
unendingvarietyofecologicstudiesthatcanbeundertaken
eachofwhichaddstothetotalknowledgeoftheorganism
andanyofwhichcouldprovidethekeytothenewcontrol
techniqueormethodbeingsought

Geneticorbiologiccontrolstudieswillbepursuedinan

efforttodevelopnonchemicalmethodsforreducingor
eliminatingselectedpopulationswithoutcontaminatingthe
environmentwithtoxicmaterialsGeneticstudiesarede

signedtoalterthechromosomalconfigurationinthenatur
alpopulationandbiologicstudiesendeavortolocateand
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increaseproductionofpredatororganismsorpathogenic
parasites

Chemicalstudiesaredesignedtodevelopmoreefficient
materialsforreducingthedensityofselectedorganisms
Itisalsodesirabletomaintainabacklogofefficientmater
ialsforutilizationinareaswhereresistancetowidelyused
pesticidesdevelopsChemicalstudiesareneededinthe
areasofovicidedevelopmentorinpreparingmaterialsse
lectivelyattractivetoparticularspeciesaswellastherou
tinestudiesoftheinsecticidalpotentialorrecommended
compoundsThedevelopmentofanoverallintegratedcon
trolsystemishighlydesirable

AlongwiththeAaegyptiEradicationProgramrespon
sibilityfortechnicalguidanceoftheurbanratcontrolactiv
itieswastransferredfromCDCtothenewEnvironmental

ControlAdministrationAsyoumayknowurbanratcon
trolprojectsarefundedbygrantsunderSection314eof
thePartnershipforHealthActasamendedPublicLaw89
749Atthepresenttime14ofthemanygrantapplications
submittedandapprovedhavebeenawardedfundstotaling
about15milliondollars

ThestatedmissionoftheEnvironmentalControlAd

ministrationisthepreservationandimprovementofthe
physicalenvironmenttopromotethehealthandwelfareof
manThisistobeaccomplishedthroughprogramsdesigned
toreducelevelsofexposuretothehazardsofimproper
housinganduseofspacetonoiserodentandinsectvec
torsoccupationalandcommunityaccidentswaterborne
diseaseradiationandwasteaccumulation

IncludedintheEnvironmentalControlAdministration

isaBureauofCommunityEnvironmentalManagement
TheBureauismadeuporganizationallyofseveraldivisions
oneofwhichistheDivisionofEnvironmentalImprove
mentThefunctionalstatementofthisDivisionincludes

thefollowing
Providestechnicalassistancetopublicnonprofitand
otherpublicserviceorganizationsandagenciesoncom

munityenvironmentalmanagementcommunitysanita
tionrecreationsanitationanddiseasevectorcontrol

Conductsandsupportsresearchanddevelopmentfor
thecontrolofdiseasecarryinginsectsandconductsse
lectivecontrolprograms

ThisistheDivisioninwhichtheremnantsoftheA

aegyptiprogramandthenewratcontrolactivitiesarenow
locatedWithinthisorganizationplansforfutureactivities
intheareaofvectorcontrolareasyetincompletebutthey
presentlyconsiderabroadenedscopetoincludearthropod
androdentcontroltrainingconsultationandresearchin
linewiththemissionofECAThiscouldincludeavariety

ofarthropodandrodentproblemsassociatedwithrecrea
tionalareaswaterdevelopmentssolidwastedisposaland



particularlyproblemsassociatedwithinsanitaryconditions
whichoccurinthelowersocioeconomicsectionsofmany
urbanareas

ThereorganizationofthePublicHealthServicehasbeen
accompaniedbymanystrainsandstressesInanumberof
instancesnewbedfellowshavebeenestablishedandthishas

necessitatedconsiderablegiveandtakeinlearningtogeta
longwithoneanotherHoweverasusualtheneworganiza
tionisbeginningtofunctionandwearelookingaheadwith
realanticipationtoaforwardlookingandforwardmoving
programwhichshouldbeexpectedtocontributesignifi
cantlytoourknowledgeofvectorsandvectorcontrol

PESTICIDEREGISTRATIONASITRELATESTO

CALIFORNIAMOSQUITOCONTROL

HarryESpires

InspectionServices
CaliforniaStateDepartmentofAgricultureSacramento

ItisapleasuretoparticipateinyourAnnualConference
andtoprovideabriefreviewoftheroleoftheCalifornia
DepartmentofAgricultureinthecontrolofpesticidesOur
functionsareprimarilyregulatoryinnatureandthelaws
andregulationsweadministerareconcernedwiththeregis
trationofpesticidesthelicensingandregulationofpest
controloperatorsthecontroloftheuseofinjuriousmater
ialsandtheestablishmentandenforcementofpesticide
residuetolerances

Theagriculturalindustryisdeeplyconcernedandrecog
nizesandsupportstheviewpointthattheprimarypublic
interestinpesticidechemicalsistosafeguardthehealthand

safetyofthepublicOurfunctionistoprovidethisprotec
tionWeneedtobeassuredthatpesticidesareusedsafely
andeffectivelyThisrequiresthatourhighqualityfood
supplybefreefromchemicalresiduesthatpeoplearenot
injuredbytheapplicationofpesticidesthatourwildlifeis
protectedfrominjuryordestructionandasuitableen
vironmentismaintained

Theconcernofagricultureistwofoldfirstandpara
mountispublicsafetyandthehealthandwelfareofthe

peoplesecondthereisalsoapublicinterestwhichcallsfor
thejudiciousandresponsibleuseofagriculturalchemicals

Thetechnologicalrevolutioninagriculturewhichhas
takenplaceinrecentyearshasgivenusanabundanceof
highqualityfoodatlowcostThisabundanceoffoodises
sentialtothehighstandardoflivingtowhichweareaccus
tomedOneimportantfactorinachievingtheefficiencywe
haveinagriculturalproductionisthecontrolofpestsWith
outpestcontrolwewouldsacrificethequantityandquali

tyoffoodproductionwhichthepublicdemandsAlso
withoutthechemicalcontrolofpestswewouldseriously
harmagriculturethestateslargestindustryInCalifornia
lossesfrompestsandthecostofcontrolsexceedahalf
billiondollarsperyearWithouttheuseofchemicalcon
trolsthelosswouldbecomesubstantiallygreater

ThereisnodoubtbutthatCaliforniafarmersusemore

thanthenationalaverageofagriculturalchemicalsThe
samefarmersrealizetherearehazardsintheuseofpesti
cidesandconsequentlyhavestronglysupportedeffective
lawsregulatingtheirsaleanduseTheyhavefoundthat
strictenforcementofpesticidelawsandregulationsisman
datoryiftheseproductsaretoremainavailabletothem
Theirconcernandoursextendstothehealthandwelfareof

ourcitizensthroughprotectionoffoodourwatersupply
andourfishandwildlife

TheRoleoftheCountyAgriculturalCommissioner

TheDepartmentsenforcementofourpesticidelawsand
regulationsisassistedbytheworkofthecountyagricultur
alcommissionersThecountyagriculturalcommissioners
andtheirstaffsnumberingapproximately700persons
constitutethelargestfieldforceofitskindinthenation
Theseofficialshaveanintimateknowledgeofalmostevery
farmintheircountiesandhavethedutyofenforcingcer
tainpesticidecontrolsCountyagriculturalcommissioners
underthesupervisionoftheCaliforniaDepartmentofAgri
cultureenforcestateregulationspertainingtoagricultural
pestcontroloperatorsandtheuseofinjuriouspesticides

RegistrationorLicensingofEachPesticideProduct

EachpesticideproductmustberegisteredwiththeCali
forniaDepartmentofAgriculturebeforebeingofferedfor
saleinthestateThisincludesallinsecticidesfungicides
herbicidesrodenticidesdisinfectantsandsimilarmaterials
usedaroundhomesandonfarmsforcontrollingpestsThe
costofthisworkissupportedbylicensefeespaidbythe
registrants

Whenamanufacturerdesirestoregisterapesticideheis
requiredtosubmitextensiveinformationincludingtestshe
hasmadetoestablishtheeffectivenessoftheproducta
gainstthepesttobecontrolledTheapplicationforregis
trationmustalsoshowevidencethattheproductwillleave
noharmfulresiduesAccordinglythemanufacturermust
submitinformationregardingacuteandchronictoxicity
andinformationconcerninganyhazardinvolvedintheuse
oftheproductSuchahazardmayconcernpossibleinjury
toconsumerstopeopleapplyingthematerialstocrops
beingtreatedtoanimalsandeventohoneybeesonadja
centproperties

Inevaluatingtheinformationspecialattentionisgiven
bytheDepartmenttotheneedforprotectingwildlife

Whereproblemsdevelopinpreviouslyapprovedpro
ductstheDepartmentmakesareevaluationThisreview
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includesconsiderationofestablishingapropertolerancefor
anypesticideresiduethatremainsonacrop

WhenaproductistobeusedinotherstatesbesidesCali
forniaitisthepracticeofthemanufacturertoobtainfed
eralregistrationofhisproductaboutthesametimethathe
appliesforregistrationinCaliforniaThispracticepermitsa
simultaneousevaluationoftheproductbythePesticide
RegulationDivisionoftheUSDepartmentofAgriculture
andtheCaliforniaDepartmentofAgricultureIfthereisa
needtoestablishatoleranceforpesticideresidueonfood
theUSFoodandDrugAdministrationalsoevaluatesthe
productAlltheseagencescooperatewitheachotherand
exchangeinformationontheproduct

Ifapesticideproductappearstobeunacceptableforreg
istrationinthestateitisrefusedregistrationafterahear
ingInCaliforniaregistrationmayalsoberefusedonthe
basisthataproductisolittleornovalueforthepurpose
forwhichitisintendedorthataproductisdetrimentalto
vegetationexceptweedstodomesticanimalsortothe
publichealthandsafetyevenwhentheproductisproperly
usedCaliforniamayalsocancelregistrationinthecaseof
falseormisleadingstatementsimpliedlaterbytheregis
trant

TheCaliforniaregistrationprogramthereforeservesas
ascreentoeliminateworthlessanddangerousmaterialsbe
foretheyareplacedonthemarketItfurtherservesthe
veryimportantpurposeofassuringthatlabelsofproducts
havefulldirectionsforuseandadequatewarningtopro
tectthosewhoapplyorhandlethemThelabelingmust
showthedosageandalsothelatesttimethechemicalmay
beusedpriortoharvestTheselabelinginstructionsifcare
fullyfollowedaredesignedtohelppreventanyillegalor
harmfulresidueinthefoodcrop

LicensingofAgriculturalPestControlOperators

Beforeengaginginthebusinessofapplyingpesticidesfor
hireeachagriculturalpestcontroloperatorisrequiredto
belicensedbytheCaliforniaDepartmentofAgriculture
Theagriculturalpestcontroloperatorisalsorequiredto
registerwiththecountyagriculturalcommissionerineach
countyinwhichbusinessisdoneFurthertheoperator
mustrenderamonthlyreporttothecommissionerofall
workdoneinthecounty

Whereapesticideisappliedbyaircrafteachpilotmust
passanexaminationtodemonstratehisknowledgeofthe
natureandtheeffectofthematerialsbeingapplied

Ifeithertheagriculturalpestcontroloperatorortheag
riculturalaircraftpilotdoesnotcomplywithstatelawand
regulationsheissubjecttoprosecutiononamisdemeanor
chargeortohavinghislicensesuspendedorrevoked
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ControlofInjuriousMaterials

Allpesticidesrequirecareinhandlingandsomerequire

extensivecareInthisconnectionthedirectorofagricul
tureafterinvestigationandhearingdesignatesthosemater
ialswhichbecauseoftheirhightoxicityorspecialhazards
includingdrifttoneighboringcropscanonlybeusedunder
permitfromthecountyagriculturalcommissioner

Atpresentherbicidescontaining24Dareplacedinthe
injuriousherbicidecategoryOtherinjuriousmaterialsin
cludesucharseniccompoundsascalciumarsenatesodium

arsenitesolutionandleadarsenateanumberofhighly
toxicorganicphosphoruscompoundsincludingparathion
Phosdrin chloropicrinfivehormonetypeherbicides14
otherpesticidesandDDTTDEendrindieldrinhepta
chlorandtoxapheneallofwhichrequireaspecialpermit
forpurchaseanduseinCaliforniaItisalsoillegaltosell
thesematerialstoapersonwhodoesnotpossessapermit

TestingFruitsVegetablesand
OtherProduceforPesticideResidue

Toinsurethereisnoexcessivepesticideresidueonfood
offeredforsaleinthestatetheCaliforniaDepartmentof
Agriculturecontinuallyinspectsandanalyzessamplesof
fruitsvegetablesmilkmeathayandotherproducein
wholesalemarketsSamplesarealsodrawnfromretailmar
ketsThisprogramofinspectionandsurveillancesupport
edbythestatesgeneralfundhasbeenconductedforover
30yearsItservesasadoublechecktobesurethatstate
lawsandregulationsconcerningthesaleandtheuseofpes
ticidesareobserved

Tolerancesforpesticideresiduesestablishedunderthe
authorityoftheCaliforniaAgriculturalCodearethesame
asthoseestablishedbytheUSFoodandDrugAdministra
tionunderfederallaw

Overaperiodofyearswehavelearnedthatwemust
haveacloserelationshipwithotherstateagenciesMatters
pertainingtoregistrationandapplicationofchemicalsas
relatedtoairpollutionstreampollutiontreatmentofwa
terandmosquitocontrolaredirectlyinvolved

Itwasadesireforacoordinatedprogramofsafeandef
fectivecontrolofmosquitoesthatin1967resultedinthe
cooperativeagreementonpesticideusagebetweentheDe
partmentsofAgricultureandPublicHealthandthemos
quitoabatementdistricts

Theagreementistoprovidefortheprotectionofthe
publichealthandcomfortthroughacoordinatedprogram
ofsafeeffectiveandeconomicaluseofpesticidesinthe
controlofmosquitoesbyqualifiedlocalgovernmentcon
trolagenciesorganizedandoperatedinaccordancewith
provisionsoftheCaliforniaHealthandSafetyCode

Webelievethisagreementhasbeenofvaluetoallofus
insolvingmanyoftheproblemswhichwehavehadin
prioryearsandthroughitwecanfindsolutionstothe
problemsofthefuture



Whatismostgratifyingisthatthiscooperationisbased
uponadesireofallconcernedandisnotbylegislative
decree

RECENTPROGRESSINSTUDIESWITHPATHOGENS

ANDPARASITESOFMOSQUITOES

HaroldCChapman

AgrResServUSDepartmentofAgriculture
LakeCharlesLouisiana

ABSTRACT

ThestatusofresearchonProtozoaprincipallyMicro
sporidiabacteriafungiCoelomomycesnematodesand
virusesofmosquitoeswasdiscussedProgresswasalmostnil
inbacteriaminimalinProtozoaandmaximalinCoelomo
mycesnematodesandvirusesTheprogressinnematodes
wasattributabletoourabilitytomaintainculturesofthem
inthelaboratorysoastostudytheirlifecycleandfactors
whichinfluencetheirinfectivityThefindingofseveraldif
ferentinclusionvirusesinmosquitoeshasstimulatedre
searchinthisgroupofpathogens

FISHPREDATORS

ErnestCBay

AssociateEntomologistDepartmentofBiologicalControl
UniversityofCaliforniaRiverside

DrLeonardPSchultzrecentcuratoroffishesforthe
SmithsonianInstitutionwrotewithEdithMSternin1948

thatnearlyallthetopminnowsmakeexcellentaidesto
publichealthofficersandsanitaryengineerswiththeGam
busiaaschampionThisfishwithwhichyouareallso
familiarissaidbyecologistFrankWilson1965tobethe
mostwidelydisseminatednaturalenemyinthehistoryof
biologicalcontrolandissaidbyDrLouisAKrumholtz
nowoftheUniversityofKentuckytobethemostwidely
distributedofanyfreshwaterfishAllofthisiswithgood
causeanditisnotlikelythatabetterallaroundfishthan
GambusiaisapttobefoundformosquitocontrolItscre
dentialsofsmallsizelivebearingmultivoltinismseasonal
broodrepetitiontemperatureandsalttoleranceweedne
gotiationvoracityandlarvivoroushabitnottomention
pollutiontolerancearealmosttoomuchtoexpectofasin
glefishspeciesThisisnottosuggestthatlocalorindigenous
fishesoccurringinvariousareasshouldnotfirstbeconsid
eredbeforeGambusiaorotherexoticspeciesaresought
QuitethecontraryandwithgoodreasonExoticintro
ductionsandtheseincludeGambusiawhereitisnotnative
arefrequentlyasdestructiveormoresotosomeinterestsas
theyarebeneficialtoothersGambusiaisinfactagoodex

ampleThefirstknownintroductionofGambusiaaffinis
BairdandGirardintoCaliforniawasin1922Lenert1923
whenashipmentwasreceivedinSacramentoandahatchery
wasestablishedinalilypondatSuttersFortGambusia
wasrapidlyspreadandwasimmenselysuccessfulinadapt
ingtoCaliforniawatersAtpresentthemosquitofishenjoys
thedistinctionofbeingtheonlyfishthatcanbemovedin
discriminatelyaboutthestatewithoutapermitfromthe
DepartmentofFishandGameAtthesametimethisfish

isconsideredasacurseandanabominationbysomeofthe
statesleadingichthyologistsThesemenasmembersofvar
iousconservationcommitteesaretryingtosuppressany
furtherdistributionofGambusiainfavoroflessdangerous
andjustasefficientlarvivorousfishesThevalidconcern
ofthesemenisthatGambusiabecauseitissoefficientdis

placesorexterminatesbycompetitionmanyindigenous
specieswhereitisintroducedThisisaproblemthatisnot
apttobeeasilysolvedObviouslyanyfishthatwemayyet
discoverthatisgoingtobeequaltoGambusiaorsurpassit
inmosquitocontrolefficiencyisgoingtoprovokethesame
conflictsofinterestNofishnotevenGambusialimitsits
diettomosquitolarvaeandwhenthesearegonetheywill
subsistonwhateversimilarlivefoodisnextavailableAl

thoughIsympathizestronglywiththefishconservationists
intheirquestchampionsaredifficulttounseatandGam
busiaisnoexceptionEarlystudiesthatweremadeinthe
southeasternandnortheasternUnitedStatesaimedatfind

ingotherfishesaseffectiveasGambusiaformosquitocon
trolfailedRadcliff1915Moore1922Manyspeciesare
equallylarvivoroustobesurebutfewifanysharethefull
arrayofcredentialsalreadycitedforGambusiaaffinis

IftheichthyologistsarediscontentwithGambusiain
situationswheremosquitocontrolisdemandedtheyhad
bestconsiderthemorelikelyalternativesfurtheruseofin
secticidesorhabitatchangeandabolishmentWiththese
prospectsIthinkthattheyaswecanbehappytohavethe
mosquitofish

Withthisbeingthepictureforthemosquitofishwhere
dowegofromhereForonethingwehavenotputGam
busiatoallofitstestsandfortunatelywhereitisleast
studiedisinthosesituationswhereitshouldgivethefish
conservationistsleastconcerninheavilypollutedwaters
whereotherfishcannotsurviveandinotherwisespecialized
habitatsSharingthelimelightwithGambusiainthesestudies
isitssistertheguppyPoeciliareticulatusPetersTheguppy

isnativetocoastalVenezuelanswampsandriversandsim
ilarhabitatsinneighboringColumbiaandCentralAmerica
IthasmanyofthesamecredentialsasGambusiaexceptthat
itisshyoncoldtoleranceThiscouldbeanadvantagein
lightofthepreceedingdiscussionsincePoeciliacouldbean
nuallyreplacedinselectedtemperatemosquitobreeding
siteswithlessdangerofgettingoutofhandandbecoming
aproblemAlsoinitsfavortheguppyisreputedtobemore
tolerantofpollutionthanisGambusiabutthispointisde
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batableAfteratriptoBangkokThailandandRangoon
BurmathatImadefortheWorldHealthOrganizationin
October1967tostudyferralpopulationsoftheguppyI
wastemptedtocastmyvoteforitasthequeenoffoulwa
terThisconvictionwasstrengthenedduringastopinHa
waiiwhere1wasshownbyDrPatNakagawapoultrydrink
ingwaterrunoffteemingwithguppieswhereGambusia
thathadhadthechancedidnotmakeitHoweverinspired
bytheseobservationsweandoneofmygraduatestudents
MrRobertSjogrenwhoisalsomanagerentomologistfor
theNorthwestMosquitoAbatementDistrictinRubidoux
WestRiversidehavebeencomparingGambusiaandPoecilia
forpollutiontoleranceinlocaldomesticsewagetreatment
tailwaterandagriculturalwastewatersandwefindthemat

tertobestillunsettledGambusiaasachampionassaidbe
foreishardtounseatevertinthiscategory

IncagedfishexposurestudiesmadewithGambusiaand
PoeciliabyMrSjogreni29poultrywastewatersitesand
9barnwashsitesduringthesummerof1968Poeciliadid
comeoutaheadofGambusiain96hoursurvivaltestsbya
marginof1poultrysite6vs5and3barnwashsites5vs
2whichisnotmuchofanedgeThefrailtyoftheseobser
vationshassincebeenemphasizedbythediscoveryofwhat
appeartobefarmorepollutiontolerantpopulationsof
Gambusiathanwereusedintheseearliertests

Fishthatsurvivedinthe96hourcageholdingtestswere
releasedintotheirrespectivesitesandallowedtoreproduce
Emphasiswasontheabilityofthesefishtosurvivetheir
newhabitatsratherthanontheirimmediateabilitytocon
trolmosquitolarvaeInrnostcasesreleasesweremadetoo

lateintheseasonorwithtoofewfishtoexpectanymeasur
abledegreeoflarvalcontroltobecomeestablishedHow

everPoeciliathatweintroducedinJuneintoalargepol
lutedconcretesumpinMiraLomawereabletocompletely
controlCulexlarvaebylateAugustatwhichtimethefish
densitywasestimatedat200fishpersquareyardAtone
poultryranchmosquitobreedingsiteMrSjogrenobtained
80larvalcontrolinearlyAugustfromamixtureofPoe
ciliaandGambusiathathehadintroducedinJuneThecon

troldensityinearlyAugustwasapproximatedatonly20
fishpersquareyardAtanotherpoultryranchMrSjogren
obtainedonly50controlfromamixedstockingofGam
busiaandPoecilia

Finallytoconcludewiththechampionwithwhichwe
startedMrSjogrenobtainedcompletelarvalcontrolby
Gambusiaaffinisintroducedthepreceedingautumnover
theentire1968seasoninthehighlypollutedNorcoegg
ranchsumpwhichwasheavilymarginedwithbermuda
grassandnearly90controlinadairywastewatersump
whereGambusiawereintroducedinearlyJuneInaddition
totheseinstancescompleteornearcompletelarvalcontrol
wasobtainedin10to12otherfreshandvariouslypolluted
breedingsourcesthroughtheuseofGambusia
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PROGRESSINBIOLOGICALCONTROL

OFMOSQUITOES
INVERTEBRATEANDVERTEBRATEPREDATORS

RobertKWashino

DepartmentofEntomology
UniversityofCaliforniaDavis

Thepurposeofthisreportistosummarizesomeofthe
informationpertinenttoinvertebratepredatorsofmosqui
toesassociatedwithricefieldsandothersemipermanent
aquaticsituationsinCaliforniaResultsofunpublished
studiesreportedatthe1965annualCMCAmeetingand
commentsonarecentlycompletedstudiesonfishwillalso
beincludedinthissummary

InsectPredators

Jenkins1964listedalmost200insectpredatorsof
mosquitolarvaebutasyetalmostnoneofthesehasbeen

consideredsufficientlypromisingformassrearingandre
leaseforappliedmosquitocontrolpurposesTherefore
moststudieshavebeenconcernedwithinsectsasnatural

controlagents

Certaininherentdifficultieshavehinderedthestudyof
insectsaspredatorsofmosquitoesFeedingwithpiercingor
suckingmouthpartsandthesmallsizeofmostinsectpreda
torspreventastudysuchastheanalysisofgutcontentsin
fishJames1961wasabletoascertainthepredationof
mosquitoesbycertainaquaticbeetlesbyexaminingtheir
digestivetractbutinsubsequentstudiesresortedtotagging
mosquitolarvaewithradioactivephosphorusPTheuse
ofradioactivematerialBaldwinetal1955James1961
appearsbestformosquitopredationstudiesprimarilyona
qualitiativebasisSeriologicaltechniquesarealsobeingused
asameansforstudyingpredationBrookeandProske1946
Halletal1953Howeveritwouldseemnecessarytohave
antiserawithgreaterspecificitywhenstudyingfieldsitua
tionscontainingawidevarietyofcloselyrelatedorganisms
suchasarefoundinCaliforniaricefields



Recentstudiesonpotentialinsectpredatorsofmosqui
toesinCaliforniahaveincludedobservationsoftheirfeed

ingbehaviorundercontrolledconditionsLee1967Bay
1968andthesusceptibilityofpredatorstomosquitolarvi
cidesMullaetal1962Lewallen1962Mulla1966The
seasonalpatternsofanumberofinsectpredatorsinrice
fieldsintheSacramentoValleywerestudiedtodetermine
whichofthesemaycoincidewiththoseofthemosquitoes
HokamaandWashino1966Theoreticallyanaturalpred
atormustremainabundantthroughoutthesummertobe
effectiveagainstbothCulextarsaliswhichreachesitssea
sonalpeakinearlyandmidsummerandAnophelesfree
borniwhichismostabundantinlatesummerHokamaand
Washino1966foundthatmostoftheinsectpredators
sampledreachedtheirmaximumabundanceearlyinthe
summerthereaftertheydisapperaedoroccurredinmark
edlyreducednumbersItwasspeculatedthatthesemight
serveaseffectivepredatorsofCtarsalisbutnotAfree
borniTwoaquaticHemipteraBelostomaflumineumand
Corisellaspattainedasecondpeakofabundancelaterin
thesummertherebyenhancingtheirutilityaspredatorsof
mosquitoesieAfreeborniwhichareordinarilypreva
lentatthattime

Studiesconductedduringthepastthreeyearsconfirmed
partofwhatwastentativelyconcludedafterthefirstyear
AsintheearlierstudyCtarsalisreacheditsseasonalpeak
duringearlyandmidsummerbetweenthe4thand11th
weeksafterfloodingPopulationsofAfreeborniwere
greatestbetweenthe1lthand19thweekswithoneexcep
tion4thweekAdditionalobservationsoftheseasonal
distributionoftheseinsectsaswellasotherconsiderations

concerningtheirabilitytoserveaspredatorsofmosquitoes
willbediscussedbriefly

Coleoptera Maximumnumbersofmostofthea

quaticbeetleswereobservedduringtheinitial45weeks
afterricefieldswerefloodedTropisternuslateralishas
beenoneofthemostwidespreadandconsistentinsectsat

tractedtoaquaticlighttrapsinricefieldsthroughoutmuch
oftheSacramentoValleyItappearsmoretolerantofpara
thionthansomeoftheotherchemicalsthatmightbeused

inricefieldsLewallen1962TlateralisandHydrophilus
triangulariswerenotaseffectivemosquitopredatorsasoth
ertestinsectsunderouraquariumconditionsbutinprelim
inarystudiesrecentlyinitiatedVeneskiandWashinoun
publCtarsalishasbeenfoundinthedigestivetractsof
fieldcollectedlarvaeofHtringularis

PeaknumbersofadultHygrotuswerenotedduringthe
first5weeksafterfloodingandLaccophilusthefirst8weeks
Twospeciesofthelatterwereonlymoderatelypredacious
onCtarsalisunderaquariumconditionsSpeciesofLac
cophiluswerereportedasactiveandvoraciouspredators
ofmosquitoesunderlaboratoryconditionsinMissouri

Robertsetal1967Laboratoryandfieldstudiesonthese
beetlesinCanadaindicatedthattheyplayasignificantpart
inregulatingthenumbersofmosquitoesinrockpoolsitua
tionsJames1964

Hemiptera AtleastthreespeciesofNotonectidae
havebeennotedinCaliforniaricefieldsWashino Ho

kama1968TheyincludedNotonectaunifasciataGuerin
NundulataSayandBuenoascimitraBareInitiallythey
werefoundintheirgreatestabundanceearlyinsummer
andthereafterdisappearedoroccurredinmarkedlyreduced
numbersThisobservationcouldnotbeconfirmedinsub

sequentyearsduetothelowpopulationlevelsRecent
studiesLee1967Bay1968confirmedearlyreportsHin
man1934thatbackswimmersarehighlypredaciouson
mosquitoesLee1967reportedadirectrelationshipbe
tweenalgalconcentrationandthenumberofmosquitolar
vaeandpupaeconsumedThismaybeanimportantfactor
inricefieldswhereextensivematsofalgaeieGloeotrich
iamaydevelopHealsoreportedbackswimmerstobeex
ceptionallysuccessfulincatchingpupaewhencompared
withotherpredators

Inspiteoftheabilitytocapturemosquitolarvaeunder
laboratoryconditionsmostspeciesofwaterboatmanCor
ixidaereportedlyarenotpredaciousonmosquitoesHin
man1934Hungerford1948Comparedwithotherinsects
testedinourlaboratoryCorisellaspfedlessonmosqui
toesthandidotherpredatorstestedWhenthesewater
boatmanwereplacedinaquariumwithotherinsectspres
entinricefieldstheyweremostconsistentlypreyedupon
bytheotherinsectsOneofthemainreasonsforstudying
thisinsectwasthatinthefirstyearsstudyitsseasonal
peakinearlyandlatesummercoincidedwiththeseasonal
peaksofCtarsalisandAfreeborniinricefieldsHokama
andWashino1966Howevermorerecentobservationsin
dicatedthatCorisellaprobablyhasonlyasinglepeakearly
inthesummerSincewaterboatmanarethemostnumer

ousofallaquaticHemipterabothinspeciesandindividuals
inCaliforniaUsinger1963continuingstudiesonthis
groupappearwarranted

BecauseBelostomaflumineumrankedconsistentlyhigh
inseriesofpredationtestsinthelaboratoryandhadasea
sonalactivitypatternsimilartothatofmosquitoesfoundin
ricefieldsitwasinitiallyconsideredthemostpromising
naturalpredatorfoundinCaliforniaricefieldsHokama
andWashino1966Insubsequentobservationshowever
seasonaldistributiondifferedconsiderablyfromthefirst

yearsstudyInsteadofpeaksintheearlyandlate summer

onlyasinglepeakinthelatesummerwasnoted

ThegiantwaterbugAbedusindentatusisamemberof
thesamefamilyandwasfoundtobeanexceptionallyeffi
cientpredatorinthelaboratoryLee1967
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Others Ourobservationsontheseasonaldistribution

ofdragonfliesanddamselfliesinricefieldshavebeenlimi
tedTheimmatureformscanbefoundingreatabundance
duringcertainyearsandincertainricefieldsbutnotas
consistentlyassomeoftheaquaticbeetlesItisinteresting
tonotethatinthelaboratorythedamselflynaiadLestes

congenerHagenwasmoreproficientincatchingtheyoung
er111andI11instarmosquitolarvaethanthefourthstage
larvaeorpupaeLee1967

Wehavetentativelyconcludedfromtheseobservations

thatnooneinsectremainsabundantlongenoughduring
thesummerseasontobecountedonasanaturalcontrola

gentforthetwospeciesofmosquitoesassociatedwithrice
fieldsHoweversomeappearedtobecomesufficientlya
bundantprobablytoexetamajorinfluenceforshortperi
odsespeciallyduringtheearlysummersothattheymay
supplementotherprimarycontrolmeasuresAdditional
studiesarenecessarybeforegreaterreliancecanbeplaced
oninsectsasnaturalpredatorsofmosquitoesinricefields
andsimilarhabitats

VertebratePredators

Atleastfourspeciesoffisheshavebeencommonlyob
servedinthericefieldsoftheSacramentoValleyThree
speciescarpbluegillhitchpresumablyenterthesefields
throughtheirrigationditchsystemandbecomeestablished
inthebioticcommunitysubsequentlyestablishedGam
busiaaffinisthefourthspeciesmayalsoenterbythismeth

odbutmoreoftentheyareintroducedannuallybylocal
mosquitoabatementdistrictsSeveralyearsagoanunsuc
cessfulattemptwasmadetointroduceguppiesLebistes
inricefieldsThefailureofthesefishtoestablishthem

selveswasattributedtotheirinabilitytowithstandthetem
peraturesduringtheearlyricegrowingperiodJRFowler
unpubl

In1966thefeedingpatternsofcarphitchandGam
busiaindicatedthatfoodavailabilitywasperhapsthemajor
factoraffectingfoodselectionWashinoandHokama1967
Washino1968SubsequentstudiesunpublonGaffinis
1967and1968appeartoconfirmthisobservationThe
feedingpatternofbluegillin1966unpublshowedcon
siderablesimilaritiestothepatternsoftheotherthreefish
previouslystudiedUnliketheothersbluegilldidnotfeed
heavilyonCladocerabuttherelativefeedingpatternon
chironomidsandcopepodswasconsistentwiththepatterns
oftheotherfishesThebluegillwasfoundtohavefedon
AnophelesbutnotCulexThisfishprobablybelongsina
higherlevelthantheotherfishesinthetrophicstructureof
aricefieldcommunitysnceitwastheonlyfishwhichfed
onthepredaciousBelostcmaspphitchGambusiaandoth
erbluegillsThebluegillisprobablydetrimentaltomosqui
tocontrolbecauseofitsabilitytopreyonotherpredators
ofmosquitoes

AquaticlighttrapsdiDpingandgutanalysisoffourspe
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ciesoffishwereusedtostudyweeklychangesintherice
fieldfaunaBystudyingthehabitatinthismanneritap
pearedthatcrustaceansandchironomidsarethedominant
organismsSincemosquitoesappearedtooccurinlowden
sityinrelationtotheseorganismsatleastinthishabitat
theyprobablyarenotprimetargetsforpredationThisis
allthemorereasonthatasuccessfulmosquitocontrolpro
gramcannotbeconsideredasimplematterandnecessarily
willincludetheintegrationofallbiologicalandchemical
meansavailableSinceGaffinisstillappearstobethemost
dependablevertebratepredatorofmosquitoesinmostsit
uationsBay1969thisfishinconjunctionwithachemical
programhasbeenthebasisformosquitocontrolinrice
fieldsbymanymosquitoabatementdistrictsItishoped
thatwithadditionalstudiesonpredatorpreyrelationships
involvingmosquitoesbothfishandinsectpredatorsmaybe
moreeffectivelyutilizedinthefutureandcontributecon

siderablymoretomosquitocontrolprogramsinricefields
andothersemipermanentproblemareasinCalifornia
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PARTIALCOMPATIBILITYANDITSEFFECT

ONERADICATIONBYTHEINCOMPATIBLE

MALEMETHOD

FEMALES

Hamburg
Oggelshausen
Latina

Tunis

Illinois

Tubingen
Osterberg
Algeria

ARalphBarr

SchoolofPublicHealth

UniversityofCaliforniaLosAngeles

Laveninarecentreview1967hasclarifiedhisconcept
ofincompatibilityinCulexpipienswhichcanbesummariz
edasfollowsTwostrainsaresaidtobeincompatibleif
spermsofthemalesofoneareabletoinduceembryogeny
oftheeggsoftheotherbutarenotabletoparticipatein
thatdevelopmentThatismatingtakesplaceandfertilized
eggsarelaidbuttheeggsfailtohatchbecausetheyremain
haploidAnoccasionaleggproducesalarvabutsuchlarvae
areparthenogeneticsincetheydonotcontaingeneticma
terialfromthefatherSuchparthenogenesisdoesnotnor
mallyoccurbutisinducedbyincompatiblespermsCrosses
betweentwostrainsmaybecompatibleinbothdirections
incompatibleinbothdirectionsorcompatibleinoneand
incompatibleintheotherdirectionSincetherearemany
crossingtypesanyonestrainhasasetofpotentialitiesfor
crossingwithotherstrainsThecrossingpotentialitiesofa

ThisworkwassupportedbyUSPublicHealthServiceGrant
RO1CC0036701NationalInstitutesofHealthBethesdaMary
land20014

Table1PercentageofEggsHatchinginCrossesofStrainsofCulexpipiensfromLaven1957

Hamburg Oggelshausen

847 873 515

017 925 065

972 011 910

970 0 405

937 020

0

0 901 0

022 916 0

strainarethoughttobeconstantfromonegenerationtothe
nextTheyareinheritedstrictlythroughthefemalethe
crossingpotentialitiesofanindividualarethoughttobe
exactlythesameasthoseofitsmotherandtohavenore
lationtothoseofitsfather

InhisearliestfulldiscussionofthesubjectLaven1957
gavetheresultsofcrossesamong17strainsofCpipiens
fromvariouspartsoftheworldOfthe28917possible
crossesamongthesestrainsresultsweregivenintermsof
proportionofeggswhichhatchedfor159Asampleof
theseresultsisshowninTable1Ofthe159combinations

testedthepercentagehatchwasabove90in41casesa
bove80in59casesabove70in72casesandabove40

in76cases17ofthe76werehomologouscrossesThese
76crossesinwhichthehatchingratewas47orhigher
makeup48ofthetotalnumberofcrossesTheyarecon
sideredtobecompatiblecrosseseventhoughthehatching
ratewasbetween47and69infourofthe76The

hatchingratesinthe17homologouscrosseswhicharenot
crossesatallvariedfrom77to99

Intheother83crosseswhichmakeup52ofthetotal
thehatchingratewas12orlessMostofthesecrosses66
hadhatchingratesoflessthan1whilesome17had
hatchingratesbetween1and12 Itwasthusshownthat

crossescouldbeclassifiedintothosewhichhadanormal

hatch47orhigherandthoseinwhichthehatchofthe
hybrideggswasmarkedlydepressed12orless

Lavenfurthershowedthatincrosseswithamarkedly
depressedhatchtworesultswerepossibletheoffspring
wereallfemalesortheyweremalesandfemalesinanap
proximately11ratioThecrossofOggelshausenfemales
andHamburgmalesforexampleproducedonlyfemales
WhenHamburgmalesheterozygousforadominantauto
somalmutationRapreducedantennaepalpiwerecrossed
withOggelshausenfemalesnoneofthe50Ffemalesevi
dencedthemutationwhichindicatesthatnonehadreceived
themarkedautosomefromitsfatherTheseandotherex

perimentsindicatedthatinsomeofthecrossesallofthe
offspringwereparthenogeneticLavenappliedthetermin
compatibletothistypeofcross

MALES

Latina Tunis Illinois Tubingen Osterberg Algeria

053 793 772 0 0

330 026 960 844 069

896 759 0

931 959 0 015

705 852

956

100 765 854

0 611 960
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Therewereothercrossesinwhichthehatchingratewas
suppressedbutFadultsofbothsexesinapproximately
equalnumberswereproducedWhenHamburgfemalesfor
examplewerecrossedwithScauriorLatinamalesthe
hatchingratewasabout18andmalesandfemalesinap
proximatelyequalnumberswereproducedLavenmarked
Hamburgfemaleswiththedominantfactornotedaboveand

foundthatabouthalfoftheFadultsevidencedthefactor
aswouldbeexpectediffertilizationwasnormalInafurther
experimentHamburgfemaleshomozygousforarecessive
sexlinkedmutationvarfusionofveinR3withR5were
crossedwithwildtypeLatinamalesNoneoftheFadults
evidencedthemutationwhichindicatedthatitsexpression
hadbeensuppressedbyadominantwildtypeallelereceived
fromthefather

Theseresultsindicatethatsuppressionofegghatching
mayoccurincrosseswhicharenotincompatibleIpropose
tocallsuchcrossespartiallycompatibleasIhavedonein
apreviouspublicationBarr1966Itshouldbenotedthat
theonlycriterionLavenproposedforthedifferentiationof
incompatibleandpartiallycompatiblecrosseswaswhether
ornottheoffspringshowedgeneticmaterialfromthe
fathereitherMthefactorformalenessorsomeother

factorInanextensivestudyofincompatibilitybetweenthe
HamburgandOggelshausenstrainsheshowedthattheover
allhatchingratemeanofmeansin25generationswas
about03 Inotherplaceshesaysthattherateofin
ducedparthenogenesisisabout01 Itisassumedthatin

allincompatiblecrossesthehatchingrateisverylowal
thoughtheupperlimitforthisratehasnotbeenestablished
Thereisreasontobelievethatinducedparthenogenesismay
occurmorefrequentlyinsomestrainsthaninothersInpar
tiallycompatiblecrossesontheotherhanditisnotcertain

howlowthehatchingratemaybeThereforeitisnotpos
sibletodistinguishbetweenincompatibleandcompatible
crossesonthebasisofhatchingratealthoughitispresumed
thatverylowhatchingratessaylessthan05 indicate

incompatibilitywhilehigherratessay05ormorein
dicatepartialcompatibilityItwillbenotedthatLaven
1966indicatesthatthereisnodifficultyindistinguishing
betweenincompatibleandpartiallycompatiblecrossesa
viewthatdoesnotcoinidewithourownHesaysIn
twocasesonlyasinglerafthasbeencountedbutingeneral
onesingleraftissufficientforthedecisionwhetheracertain
combinationiscompatibleornotIfthefirstraftindicates
incompatibilityallfurtherraftswillnothatchandviceverse
withcompatibility

Table2showstheresultsofatypicalpartiallycompat
iblecrossItinvolvesfemalesofastrainfromStockton

Hishatchingratewascalculatedaseggswhichhatchedeggslaid
Alleggsshowingnodevelopmentatallunfertilizedwereincluded

inthedenominatorItisnotcertainwhetherornottheseeggsshould
beincludedSincetheymadeupabout29ofthetotaltheirex
clusionwouldraisethehatchingrateto04 Frequentlysuchap
parentlyunfertilizedeggsconstituteanevenlargerproportionof
thetotalTheirinclusionorexclusioninthesecaseswouldimpor
tantlyinfluencetheresults
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Table2AnalysisofEggRaftsLaidbyStocktonFemales
CrossedwithMelbourneMales

0

b

o a a 0tO
ca

00 w0
0u

00 ca O ca L7OcaCaw L t ax ca

65 8 16 89 179 667

115 8 5 128 39 385

38 9 13 60 216 591

86 6 30 122 246 833

59 6 4 69 58 400

51 0 3 54 55 1000

101 11 8 120 67 421

54 8 9 71 127 529

60 15 20 95 211 571

88 8 6 102 59 429

TOTALS 717 79 114 910 125 591

43 12 0 55 0 0

51 8 0 59 0 0

31 25 0 56 0 0

41 8 0 49 0 0

46 5 0 51 0 0

29 10 0 39 0 0

53 7 0 60 0 0

11 6 0 17 0 0

49 2 0 51 0 0

61 5 0 66 0 0

132 8 0 140 0 0

TOTALS 547 96 0 643 0 0

TOTALS 1264 175 114 1553 73 394

73 0 0 73

TOTALS 1337 175 114 1626 70 394

CaliforniafromWGIltisandmalesofastrainfrom

MelbourneAustraliasuppliedbyNVDobrotworsky
ThetablegivesananalysisofthehybrideggraftsThe
raftsareinthreegroupsthefirstgroupof10raftspro
ducedlarvaethesecondgroupof11raftsevidencedem
bryonicdevelopmentbutnolarvaehatchedthethird
groupcontainsasingleraftwhichdidnotevidenceem
bryonicdevelopmentandwaspresumablyinfertile

Itwillbenoticedthatraftsofthesecondgrouparein
distinguishablefromincompatibleraftsandiftheywere
theonlytypeproducedthecrosswouldappeartobeanin
compatibleoneInincompatiblecrossesLavenhasnotre
portedsuchahighproportionofinfertileeggs85 asare

presentintheseraftsbutinourexperiencethisvariesfrom
onecrosstoanotherBarr1966reportsanincompatible
rossinwhichtheinfertilityraterunsabout40ascom



paredwiththeaverage30orsowhichfollowsfrom
Lavensfigures

Thefirstgroupofraftsthosewhichproducedlarvae
hadasignificantlysmaller788ascomparedwith851
proportionofundevelopedeggsthandidthesecondgroup
thoseraftswhichdidnotproducelarvaechit981dfp
01Theseraftstendedtohaveaboutequalnumbersof

deadandhatchedeggswhichtogetheraccountedforabout
21ofthetotaltheother79beinginfertileTheserafts
producedatotalof114larvaeofwhich100maturedto
produce48malesand52femalesThissexratioagreeswell
withtheexpected11distributionp05

FieldTestsWithIncompatibility

Inpreliminarytestingthreestrainswereidentifiedwhich
wereofpossibleuseforeradicationofnaturalpopulations
ofCpipiensinCaliforniaAlloftheseweresuppliedby
HLavenTheywerehisParisandScauristrainsandhis
markerstrainforthethirdchromosomewhichmaybe
OggelshausenThislatterstrainwillbedesignated10
sincetheoriginofitscrossingtypeisuncertain

TheareaaroundHanfordKingsCountyCalifornia
waschosenasatestareabecauseofthecooperativeattitude
ofworkersoftheKingsMosquitoAbatementDistrict
Culexpipienslarvaewerecollectedinthefieldinanda
roundHanfordandrearedtothepupalstageinthelabora
toryThepupaeweresexedandmalesputinonecageand
femalesinanotherHanfordfemaleswerecrossedwith

ScaurimalesandScaurifemaleswithHanfordmalesAll

femaleswereexposedtochickensforbloodingalthoughini
tiallytheScauristrainwasautogenousEggraftswereisolated
individuallyinpapercupsandeachraftwasanalyzedafter
about3dayswhenhatchingwascompleteTheScauri
femaleHanfordmalecrossprovedtobefullycompatible
soabout5eggraftswererearedoutindividuallytoserveas
ScauricrossingtypeparentsofthenextgenerationThis
procedurewascarriedoutfor3generationsofgenomere
placementineachgenerationthehybridfemalesbeing
backcrossedtoHanfordmalesandthehybridmalestested
forincompatibilitywithfemalesoftheHanfordstrain
takendirectlyfromthefield

TheraftsfromtheHanfordfemaleScaurimatingtype
malecrossineachgenerationwereclassifiedasfollows

Table3TypesofEggRaftsLaidbyHanfordFemalesAfterExposuretoMalesofScuariMatingType

GenerationofGenome

Replacement

1

2

3

Total

Number

Compatible

0

7

Numberwith

ReducedHatch

29

2

34

8 65

compatible normalhatch
reducedhatch somelarvaebutmanydeadeggs
incompatible nohatchbutwithdead

embryonatedeggs
infertile noembryonicdevelopment
Compatibleeggraftsshowedanormalhatchwithfew or

nodeadeggsEggraftswithareducedhatchproducedlarvae
butcontaineddeadeggsinaslargeorlargernumbersmost
alsocontainedlargenumbersofnonembryonatedeggsIn
compatibleraftsshowedevidenceoffertilizationbutdid
notproducelarvaeInfertileraftsshowednoevidenceof
embryonicdevelopment

TheresultsareshowninTable3WhenmalesofScauri
matingtypewerecrossedwithHanfordfemalesinthree

separateexperimentsabout5oftheeggraftslaidhatched
normallyabout38hatchedpartiallyabout49didnot
hatchatallandabout9appearedtobeinfertile

The29raftswithreducedhatchofthefirstgeneration
producedatotalof32larvae27raftsproduced1larva
1produced2and1produced3These32larvaeproduced
30adultsofwhich16weremaleand14femalewhichis
consistentwitha11sexratioThe14femaleswereagain
crossedwithScaurimatingtypemalesandproduced19
raftsofwhich9wereclassifiedasincompatibleand10
reducedhatchTheoverallhatchoftheseeggswasabout
10ascontrastedwithanestimated1inthepreceding
generationThesefindingssuggestthatifafemaleisonly
partiallyincompatiblewiththemalesofanotherstrainher
daughterswillbeevenlessincompatiblethatisthefailure
ofafemaletoevidenceincompatibilityappearstobein
herited

Thesameprocedurewasfollowedinthesecondgenera
tionofgenomereplacementLarvaefromreducedhatch
raftsgaverisetomalesandfemalesinapproximatelyequal
numbersThefemaleswhenbackcrossedtoScaurimating
typemaleslaid19incompatibleraftsand7raftswhichpro
duced1to4larvaeeach

Inthethirdgenerationofgenomereplacementtherewas
amassivefailureintheincompatibilitymechanismsoitwas
concludedthateradicationofCpipienspopulationsaround

Number

Incompatible

63

12

8

83

Number

Infertile

9

1

5

15

Total

102

15

54

171

21



Table4TypesofEggRaftsLaidbyHanfordFemalesafterExposuretoMalesofCrossingType10

GenerationofGenome

Replacement

1

2

3

4

5

6

Total

HanfordwasnotpossiblebyusingmalesoftheScauri
strain

ExperimentsWithStrain10

Thesamekindsoftestsweredonewithmalesofstrain

10Alinewassetupofgenomereplacementineachgener
ationthefemaleswerebackcrossedwithHanfordmales

fromthefieldtocontinuethestrainandthemaleswere

testedforincompatibilitywithHanfordfemalesfromthe
fieldTheresultsofthesetestsareshowninTable4

Insixgenerationsoftesting2oftheraftswerecom
patible16showedareducedhatch76wereincompat
ibleand6wereinfertileTheresultsaresimilartothose

withtheScauristrainalthoughtheproportionofincompat
ibleraftsissomewhatlargerandtheproportionofrafts
whichhatchedissomewtatsmaller

Beginninginthefifthgenerationofgenomereplacement
thelarvaefromeacheggraftwererearedseparatelyAllre
sultingpupaeweresexedandthefemalescrossedwithmales

ofstrain10Theresultsoftheseincompatibilitytestsare
showninTable5

Theraftsmaybeclassifiedintoseveralcategories
1Largehatchfewdeadeggsbothsexesproducedfe

malescompatiblewith10malesraftsF15960
2Largehatchmanydeadeggsbothsexesproducedfe

malesincompatiblewith10malesraftsF12F305
307

3Smallhatchmanydeadeggsbothsexesproducedfe
malesincompatiblewith10malesraftsF55106117
138139220261292295306

4Smallhatchmanydeadeggsonlyfemalesproducedin
compatiblewith10malesraftsF23591107283
284308

Type1raftscouldhavearisenbycontaminationofthe
Hanfordfemale10malecrosswithfemalesofstrain10or

someotherstraincompatiblewith10malesorbythepres
enceofHanfordfemaleswhichwerecompatiblewith10
malesThefirstexplanationisunlikelysincethiskindof
raftwasseensofrequentlyandthesexofeachparentwas
determinedandconfirmedbeforeitwasusedinatestItis

likelythattheresultsareduetosomeHanfordfemales

beingcompatiblewith10males

22

Number

Compatible

0

3

11

6

0

4

24

Numberwith

ReducedHatch

Number Number

Incompatible Infertile

4 24 0

29 65 1

38 221 18

64 238 21

7 49 5

40 247 17

182 844 62

Total

28

98

288

329

61

308

1112

Type2raftscouldhaveresultedfromcontaminationof
Hanfordfemale10malecrosswithHanfordmalesThisex

planationisunlikelysincesofewraftsofthistypewere
seenandsincethesexofeachindividualwasconfirmedbe

foretheindividualwasusedAcontaminationexplanation
wouldalsonotaccountforthelargenumberofdeadeggs

Type3raftsaretypicalofthosewehavecalledpartially
incompatibleIntheseteststheresultingfemaleswerein
compatiblewithmalesofstrain10Ifthiswerealwaystrue
partialcompatibilitywouldnotbeahindrancetoeradica
tionEarliertestshoweverdidnotalwaysgivethisresultso
thepointisnotyetclear

Type4raftspresumablygiveriseonlytoparthenogenetic
femalesIntheseteststheycouldnotbedifferentiatedfrom
type3raftsexceptthattheformerproducedsomemales
whilethelatterdidnotThereforeitappearslikelythat
sometype3raftsweremisclassifiedastype4Accuratedif
ferentiationofthesetwotypesispossibleonlybytheuse
ofmarkers

ExperimentsWithTheParisStrain

AsingleexperimentwascarriedoutwiththeParisstrain
inthesamemannerasthoseinvolvingtheScauriand10
strainsThedatafromthesetestsarenotstrictlycomparable
tothoseoftheearlieronesbecausetheywerenotcollected
bythesameworkersTheresultshoweverweresimilar
Thirtyfiveof138raftshatched25 Ofthese7appeared
tobefullycompatibleand28hatchedpoorlyTheother
103eggraftsdidnothatchandatleast77ofthesewerein
compatibleLarvaefromthehatchingraftsproduced402
malesand498femalesTheFfemaleswhenbredtoParis
malesproducedraftswhichhatchedinatleast5of11
casesalllotswhichmaturedproducedmales

Discussion

Theobjectiveofthisworkwastoidentifystrainsof
Culexpipienswhosemalesareincompatiblewithfemalesof
naturalpopulationsinCaliforniaSuchstrainscouldthenbe
usedforeradicationofnaturalpopulationsItisclearhow
everthatthemalesofsuchastrainmustbeincompatible
withallfemalesinthenaturalpopulationIftheyareincom
patibleonlywithsomefemalesinthenaturalpopulationan
eradicationattemptcoulddonomorethanreducethefre



Table5EggRaftsofHanford910dIncompatibleCrossWhichProducedFemalesThatWereSuccessfullyCrossed
Backto10Males

Raft Infertile

F 104

F 7

F 7

F 75

F 80

F 126

F 67

F 130

F 88

F 4

F 15

F 30

F 80

F 181

F 144

F 105

F 246

F 126

F 187

F 34

F 188

F6307 112

F 44

Eggs
Dead Hatched

23 124 50 27 25incompatibleraftslaid
0 132 66 51 10 compatibleraftslaid

130 5

20 1

10

15

68

20

15

46 4

46 6

quencyofthistypeoffemaleAnyreductioninsizeofthe
populationaffectedwouldbequitetransitoryandlaterre
leaseswouldbeevenlesseffective

Itthusbecomesimportanttodistinguishbetweencom
plete incompatibilityandpartialcompatibilityFrom
Lavensworkitwasassumedthatthehatchingratewould
besubstantiallyhigherinapartiallycompatiblethaninan
incompatiblecrossAcarefulperusalofLavensdatahow
everindicatesthatthereisnocleardifferentiationofcrosses

intothosethathaveverylowhatchingratesandthosethat
haveslightlyhigheronesItnowbecomesapparentthatthe
differentiationofincompatibleandpartiallycompatible
crossesisverydifficultunlessgeneticmarkersareused

Therehasbeenlittlestudyofvariationofcrossingtype
withinafieldpopulationthusfarMostexperimentshave
beendoneonlaboratorycolonieswhichhavebeensubject
edtoacertainamountofinbreedingItisinfactnotun
commontoinitiatelaboratorycoloniesfromsingleeggrafts
Allstudiesindicatethatthereisnovariationincrossing
typewithintheprogenyofasinglefemaleIfthisistrue
therecanbenovariationincrossingtypeinacolonywhich

Pupae IncompatibilityTest
9

0

2

5 3incompatibleraftslaid

3 1incompatibleraftlaid

1 193 74 86 1incompatibleraftlaid
0 93 43 51 12 compatibleraftslaid

0 9 1incompatibleraftlaid

18 8 4 4 1incompatibleraftlaid
9 29 7 5 2incompatibleraftslaid

60 6 0 5 1incompatibleraftlaid
11 3 0 3 1incompatibleraftlaid
27 55 4 4 2incompatibleraftslaid
38 18 10 8 3incompatibleraftslaid
11 109 42 56 25incompatibleraftslaid
23 18 7 9 1incompatibleraftlaid
18 77 35 38 6incompatibleraftslaid

118 2 0 2 1incompatibleraftlaid

hasatonetimeoranotherbeencontinuedwiththeprogeny
ofasinglefemaleThelackofvariationincrossingtype
withinlaboratorycoloniesthereforemaynotaccurately
portraythestateofnaturalpopulations

Intheexperimentsenumeratedaboveitwasconsistently
foundthatfemalesfromagivenbreedingplacedifferedin
theextenttowhichtheywereincompatiblewithmalesofa
candidatestrainInallcasesmostofthefemalesappeared
tobecompletelyincompatiblewiththetestmalesbutsome
demonstratedreducedcompatibilityandoccasionalfemales
werecompletelycompatiblewiththeteststrainThusfar
wehaveexaminednostrainwhosemalesareincompatible
withallfemalesfromtheHanfordareaOntheotherhand

wearenotawareofotherworkerswhohavestudiedanat

uralpopulationthisintensively

Therelationbetweenpartialcompatibilityandincom
patibilityisnotknownThemechanismofincompatibility
isnotunderstoodandevenlessisknownaboutpartialcom
patibilityBothofthesephenomenaarecharacterizedby
theproductionofdeadembryonatedeggsInbredstrains
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ofCulexpipiensfrequentlytendtoaccumulateegglethals
ofirregularinheritancewhichhoweverusuallyarenot
manifestedinoutcrossesInpartialcompatibilityhowever
deadeggsareseenintheoutcrossbuttheyarenotmani
festedwhentheresultanthybridsareinbred

Wehaveattemptedtostudypartialcompatibilityby
matingwhiteeyed10femaleswithrubyeyedPorterville
malesacrosswhichwaspreviouslyBarr1966reported
tobepartiallycompatibleThepointwasthatparthenogen
eticeggswouldhavewhiteeyesandnormallyfertilized
eggswouldhavewildtypeeyesThesystemturnedoutto
haveagooddealhigherdegreeofcompatibilitythanwas
previouslyfoundinthiscrossPracticallyalldeadeggsand
larvaehoweverhadwildtypeeyeswhichindicatesthat
bothreceivedgeneticmaterialfromthefatherThedead
eggswerethereforenothaploidItwasalsofoundthatoc
casionalwhiteeyedeggsandlarvaeappearedinotherwise
normalraftsThisindicatesthatsomeparthenogenesismay
occurinpartiallycompatibleeggrafts

Summary

PartialcompatibilityisdescribedThedifficultyofdis
tinguishingitfromincompatibilityisnoted

ThreeforeignstrainsScauri10Parisweretestedfor
incompatibilitywithfemalestakendirectlyfromthefield
inHanfordCaliforniaAlthoughmalesofallofthesewere
incompatiblewithmostfemalesfromHanfordsignificant
numbersoffemaleswerenotcompletelyincompatiblewith
anyofthesestrainsItisconcludedthateradicationof
CpipienspopulationsfomHanfordwouldnotbepossible
withanyofthesestrains
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CMCAINSURANCECOMMITTEEREPORT

HowardRGreenfield

NorthernSalinasValleyMosquitoAbatementDistrict
Salinas

Thesubjectmatterfordiscussionbeforethisgroupto
dayisentitledWhatTrusteesShouldKnowAboutInsur
anceThisiscertainlyamootquestionforafter1received
87percentreturnsfromaquestionnairesentto60agencies
andattemptedtoanalyzetheresultsIcantruthfullysay
thattostandheretodayandtellyouwhatyoushould
knowaboutinsurancewouldbeliketellingyouwhatyou
shouldknowaboutwomenIcantandIhopeyouwillfor

givemefornottryingHoweverIcantellyouwhatthere
portingagenciesaredoingaboutprovidinginsurancecover
ageforthoseriskstheydeemimportant

Firstletmeclarifytheterminsurancesothatwewill
allbethinkingalongthesamegenerallinesInsuranceisan
instrumentorsocialdevicewherebyagroupofindividuals
mayreduceoreliminatecertainrisksofeconomiclosscom
montoallmembersofthegroupandthisprotectionisob
tainedbyequitablecontributionsfromthemembersofthe
groupThusifonemembersuffersalossthecostofthe
lossisspreadovertheentiregroupexposedtothesame
hazardOfcoursetherearemanymanyrefinementsto
thissimpleexplanationtodaybutessentiallythisisthe
wayourinsuranceprogramsaredevelopedIthinkitisim
portanttonotealsothatmanyformsofinsuranceroutinely
carriedtodaysuchasfireinsurancehadtheiroriginsinthe
sixteenthcenturyandmarineinsurancewhichsomedis
trictscarrydatesbacktothefifteenthcenturyItbecomes
veryobviousthatasoursocietygrowsincomplexityso
doesourinsuranceprogramsLetmeciteanexample

ThirtyyearsagotheAlamedaCountyMosquitoAbate
mentDistrictunderthemanagershipofHaroldGreyinsti
tutedanadvanceprogramofinsurancecoveragewhichcon
sistedofthefollowing

1AutomobileInsurance Cost26180

2WorkmensCompensation Cost 53218

3Fire ExtendedCoverage Cost 7641

TotalCost 87039

Nowletuslookattheprogramspresentlyineffectin
themajorityofdistrictsAlthough52districtseventually
reportedIwillreportononly48districtsTheotherscame
intoolatetobeincludedinthesummary

Thefirstfourquestionswerewarmupquestionsonhow
thedistrictrevieweditsinsuranceneedshowthecarriers
wereselectedandhowactivethecompanysagentwasin
theprogramSeventytwopercentreviewannuallytherest
indicatedtheprogramswerereviewedasneededEighty



sevenpercentindicatedtheagentwasactiveinperiodically
reviewingthedistrictsneedsFiftyfourpercentofthedis
trictsbasedtheircontractsonnegotiatedcostsThirtyper
centrequestedbidsand9districtshadothermeansofse
lectionAlittlebetterthanhalfofthedistricts39placed
theirinsurancewithoneagent11withanassociationofa
gentsandonedistricthadtwoagentsNowuptothis
pointthemechanicsofhowdistrictsdisposedoftheir
problemhasbeenindicatedIusetheworddispose be

causemostofuswhenthecontractsaresignedsitback
withagibsighofreliefcrossourfingersandhopenothing
happenstomakeitnecessarytoexplorethefineprintinthe
thecontractsjustsigned

AutoCollision

Thirtysevenpercentassumeorselfinsureforlosses
causedbycollisionTwentyonepercentassumeresponsi
bilityforlossesincurredonanamedvehiclebasisandfor
tyfivepercentcontinuehavingtheinsurancecarrierpro
videcoverage

ComprehensiveLiability

Thiscategorypresentedamazingdiversityofthought
BodilyInjuryAutomobile

50000to10000000eachperson
50000to10000000eachaccidentoroccurrence

BodilyInjuryExceptAuto
50000to10000000eachperson
150000to10000000eachaccidentoroccurrence

PropertyDamageAutomobile
10000eachaccident

PropertyDamageExceptAuto

100000to10000000eachaccident

Breakingtherangesoflimitsintosmallerunitsindicatedatrendto

wardthecombinationofsinglelimitsintoacombinedsinglelimit
coverage

Sixdistrictsnowhave1000000singlelimitcoverage
Twodistrictsnowhave5000000singlelimits
Onedistricthas10000000combinedsinglelimitcoverage

Isuspectthefuturewillseemoreandmoredistrictsutilizingthis
method

Theissuanceofumbrellacoverage possiblymoreac
curatelydescribedasComprehensiveCatastropheLiability
isrelativelynewyetThirtyninepercentofthedistrictsare
nowcoveredand3districtsindicatedtheyarecontempla
tingthisformofcoverage

PhysicalLossofProperty

Surprisinglytwodistrictsindicatedtheyhadnofirecov
erageSeventyninepercentofthedistrictshadextended
coveragebuteightdistrictsindicatedtheydidnthaveex
tendedcoverageTherewasalmostequaldivisionbetween
thedistricts21thathadallphysicallosscoverageand
thosethatdidnt20Fortheftcoverageagainitwasal
mostsplitOnly54percentofthedistrictsreportingcover
edthisexposure

EquipmentFloaterCoverage

ThirtyfourdistrictscoveredofficeequipmentThirty
districtscoveredportableequipmentbutthecoverageof
stocksandsmallmotorsetcwasequallysplitsomedid
somedidnt

Iwassomewhatsurprisedtonotethat6districtsprovid
edErrorsandOmissionInsuranceprobablybetterknown
asMalpracticeInsurance

HealthInsurance

Healthinsuranceisundoubtedlyoneofthemoresocial
formsofcoverageprovidedandalsooneofthemostrapid
ingrowthIn1960forexample28districtshadadopted
someformofhealthinsurancewiththepremiumsranging
from1004ofthecostpaidbythedistrictto50con
tributionsbythedistrictto100employeecontribution
6Atthesametime19districtshadnoplanEightyears
lateronly9districtsarewithoutcoveragePossiblethisis
duetohavingtoofewemployeestobeabletoobtaina
groupplan

Whatarethecoveragesbeingprovided
BasicMedical 77

MajorMedical 66
Dental 9

Life 37

Maternity 39

GuaranteedIncome 3districts

Isuggestthatthisisquiteachangefromjusteightyears
ago

MedicalExaminations

Medicalexaminationsasaconditionofemployment
havebeencreditedbysomeasbeingasequallyimportantas
insuranceandIsuspectitcanquiteproperlybecalledsuch
yetonly18districtsrequireamedicalexaminationand29
districtshavenorequirements

Thirtypercentofthedistrictsindicatedthattheybond
edsomeorallemployeeshowever34districtsdonot
bondtheiremployees

AircraftCoverage

Forthosedistrictswhichownoruseaircraftintheirop
erationthefollowinginformationwillbeofinterest

8districtsselfinsureforhulldamage

11districtshavehulldamageinsurance
7allground
3nontaxi

1fullcoverage

BodilyInjuryAircraft
3districtshave 5000001000000
1districthas 2500001000000
1districthas 500001000000
2districtshave 300000 300000
6districtshave 100000 300000
2districtshave 250000 500000
1districthas 250000 100000
2districtshave 500000singlelimit
1districthas 100000singlelimit
1districthasnocoverage

Andfinally17districtsindicatedaninterestinaherbi
cidecontractbeingdevelopedbytheStateDepartmentof
PublicHealthand17districtsindicatedaninterestde
pendingonwhatwasofferedinhavingtheCMCAprovide
standardizedgroupinsurancecoverages
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1wouldliketothankGardnerCMcFarlandChairman
oftheWaysandMeansCommitteeandWilliamLRusconi

forprovidingthefollowinginformationMrRusconiwas
responsibleforgatheringinformationregardingdamage
claimspaidinthepastfiveyearsotherthanautomobile

Outof49repliesreceived31districtsreportedno
claimspaidinthepastfiveyearsSixteendistrictssuffered
lossestotaling692208Outof34claimssettledtheav
eragelosswas20350Fiveclaimstotaling5867315
arepending

1feelthattheratiooflossestopremiumspaidisvery
lowanditismyhopethatfutureinsurancecommittees
willpursuetheideaofpossiblygainingmorefavorableex
perienceratingsformosquitoabatementdistricts

WHATYOUSHOULDKNOWABOUT

WORKMENSCOMPENSATION

PDFleming

CaliforniaStateCompensationInsuranceFund
SantaAna

FiftyfiveyearsagotheCaliforniaworkmenscompensa
tionsystemwasconceivedoutofthedespairoftheindus
trialrevolutionThatrevolutionwascruellyorientedtothe
machineandthekindsandquantitiesofproductsitcould
producewithanalmostcasualregardforthehumansacri
ficesmadeintermsofindustrialaccidents

Theunhappycircumstancesoftheindustrialinjurywas
consideredanecessarypriceontheroadtowardprogress
Yettheinjuredworkmancouldfacetheconsequencesof
aninjurywithalmostcertainknowledgethathewouldhave
tosuehisemployerundernegligencelawshardlyfavorable
tohiscauseOntheotherhandtheemployerfacedthenot
tooremotepossibilitythatasympatheticjurycouldser
iouslyjeopardizethefinancialintegrityofhisbusiness

Enlightenedandprogressivethinkingleadersrepresent
ingmanagementlaborandgovernmentcouldseenogood
reasoninperpetuatingthisoutmodedsystemandborrow
ingfromtheexperienceofotherpioneeringjurisdictions
conceivedandenactedthroughthelegislaturecompulsory
workmenscompensationlawsThoselawsrepresenteda
marriagebetweenmanagementandlaborEmployersgave
uptherighttohidebehindtheprotectiveshieldoftheso
calledcommonlawdefensesandtheinjuredworkmangave
uphisrighttousehisinjuryasameansofseekingpersonal
gainandtherebyfinanciallyimpairinghisemployer

Thesystemforthernostparthasbeenintelligently
usedtobringbothemployerandemployeetogetherInthe
pastfewyearshoweverabreechseemstobewideningon
theissueofworkmenscompensationinjuriesasbetween
employerandemployeePerhapsthisisbeingbroughta
boutbyanothergreattectleapforward
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Industrialpsychologistsarewarningusthatautomation
andtheaccompanyingcomputerageareinsulatingtheem
ployerfromhisemployeeandthatbothpartiesarelooking
forsolutionsintermsofmathematicalprecisionNum
berscyphersandsymbolsarelendingthemselvestoal
mosttotalimpersonalizationasfarasoutemployeeern
ployerrelationshipisconcerned

Inworkmenscompensationwearewitnessingagrowing
tendencyofemployerstodemandabsoluteproofofinjury
onthepartoftheiremployeesbeforebenefitsaregranted
Ontheotherhandweareseeinganincreasingemployee
trendtopursuetheworkmenscompensationsystemforfi
nancialgainaresultnotcontemplatedbythelaw

Withoutregardtothehumanelementmembersofthe
medicalandlegalprofessionsinsurancecompaniesand
laborandmanagementarelosingsightofthefactthatthe

workmenscompensationlawsweredevelopedasahuman
instrumentratherthanamechanicalone

Becauseweareindangerofrepeatingtheerrorsofthe
turnofthecenturyIthinkitwouldbewisetoreviewwhat
workmenscompensationpurportstodothebenefitsthat
areavailableandthemethodoffundingLastlyanattempt
mustbemadetoreconciletheneedtoprovidejustcompen
sationwhichissometimesverycostlywiththedemands
madeuponusallforfiscalresponsibility

Thebenefitsofworkmenscompensationwerenot

meanttorewardorfullycompensateonaquidproquo
basisRathertheyweredesignedtoencourageinjured
workmenalongthequickestandmostdirectroadtoreha
bilitationInjuredworkmenareentitledbylawtoallthe
medicalcarereasonablynecessarytorelievetheeffectsof
anindustrialinjury

Temporarydisabilitypaymentsareprovidedtotidean
injuredoveruntilhecanreturntoworkandearnhisregular
payHopefullythesepaymentswilleliminatethenecessity
fortheworkmentoseekwelfareaidorotherfinancialassis

tanceCurrentlythemaximumtemporarydisabilitybenefit
is8750Thatfigureinturnisbasedupon65ofaverage
weeklyearningsTheminimumtemporarydisabilitypay
mentisS25Whileagreatmajorityofourinjuriesinvolves

nolosttimeoratbestaminimumoftemporarytotaldisa
bilityasmallpercentageofclaimsinvolvespermanentdisa
bility

Permanentdisabilityisdefinedasalastingimpairment
ofsomebodilyfunctionwhichatleasttheoreticallydimin

ishesaninjuredsabilitytocompeteontheopenlabormar
ketPermanentdisabilityliketemporarydisabilitypay
mentsisbasedon65ofaverageweeklyearningsItissub
jecttoamaximumof5250andaminumumof2000

Togiveyouanillustrationofhowtemporaryandper
manentdisabilityworkletstakethecaseofaninjuredwho
haslostthesightofoneeyeAssumingnoothercomplica
tionsthemanmayexpecttobetemporarilydisabledfora



periodofsaytenweeksIfhewereentitledtomaximum
temporarydisabilitycompensationhewouldreceive875
Inadditiontotemporarydisabilityhewouldreceivea35
disabilityratingforhispermanentimpairmentForeach
percentageoftheratingheisentitledtofourweeksof
weeklyindemnityThushewouldreceive100weeksof
paymentatamaximumof5250foratotalof5250In
termsofdollarstheinjuredwouldinthiscasebepaida
totalof6125

Inadditiontotemporaryandpermanentdisabilitythe
lawprovidesdeathbenefitsforsurvivingdependentsInthe
caseofawidowandchildtheamountpayableis23000
Alsoaburialallowanceof1000isprovidedForawidow
alonethedeathbenefitis20000andforsurvivingdepen
dentsotherthanwidowwhereonlypartialdependencyis
involvedthemaximumawardis15000

Inadditiontomonetarybenefitstheworkmenscom
pensationsystemprovidesrehabilitativecareforthosein
juredwhobecauseoftheirconditioncannotreturnto
theirregularemploymentThiswouldincludeallexpendi
turesnecessaryforretraininginadifferentoccupation

Lifepensionsareprovidedthosewhosetotalpermanent
disabilityexceeds70

Asidefromhavinganawarenessofthebenefitsthatare
providedbythesystemitisimperativethatemployersun
derstandhowworkmenscompensationissupportedEm
ployersliabilityisusuallydischargedmostefficientlyand
economicallythroughtheacquisitionofaworkmenscom
pensationinsurancepolicyInsurancecompaniesbytheir
verynaturespreadcostandthusminimizetheeffectofca
tastrophicinjuries

Themosquitoabatementdistrictsareinsuredwiththe
StateCompensationInsuranceFundYouarechargedfor
yourworkmenscompensationcoverageonthebasisofan
averageratewhichisderivedfromthecostandfrequency
ofinjuriesoccurringinyourindustryThemosquitoabate
mentdistrictsarecurrentlyclassifiedatanaveragerateof
411per100payroll

Istressthefactthatthisisanaverageratebecausesome
ofyouheremaybepayingsomethinglessandothersmay
bepayingslightlymoreAnaverageratedoesnottakeinto
considerationthatindividualdistrictsmayhavefewerin
juriescostinglessmoneyandothersmayhavecorrespond
inglymoreAsaconsequenceofthisandbyaratingform
ulasomedistrictsareentitledtocreditsontheiraverage
rateandothersdevelopapenaltychargeThusitmaybe
seenthatthemoresuccessfulyouareinpreventingindus
trialaccidentsthegreatertheopportunityistoreduce
yourworkmenscompensationcosts

Becauseworkmenscompensationisconsideredaneces
sarypartofdoingbusinessthecostisultimatelypassedon
inthecaseofprivateemployerstotheirconsumersandin
thecaseofpublicagenciesultimatelytothetaxpayer
Thusindustryisprimarilyresponsiblefortheprovisionof
benefitsandultimatelyallofusshareintheburdenofcost

Inspiteofameritratingsystemtherearetimeswhen
thecostofworkmenscompensationseemstodefythebest
effortsofemployerswhomaintainanexcellentattitudeon
safetyprovidereasonablysafeworkenvironmentsand
goodsupervision

Tothoseemployerswhofacethisseeminglyparadoxical
situationthereisastrongtemptationtocryfraudtosus
pectemployeestoblameunscrupulousattorneysaliberal
industrialaccidentcommissionorpoorclaimsadjusting
Thatanalysishoweverwillnothaveanyaffecttowardre
ducingtheircost

Iwouldencourageemployerstoadoptthefollowing
policy

Adviseyouremployeesoftheirrightsunderworkmens
compensationItisIbelievefarbetterthatthiscomefrom
aconcernedemployerthansomeonewhomaybefinancial
lyinterestedinanyrecoverytowhichanemployeemaybe
entitledToconcealthisinformationisunwisebecauseem

ployeeassociationslaborunionsinterestedattorneysand
otherpartiesarequicktovolunteertheiradvice

Explaintoyouremployeeshowworkmenscompensa
tionbenefitsarefundedOftentimestheyareignorantof
theiremployerscontributionandlookuponcompensation
recoveryassimplyapaymentmadebysomeimpersonalin
surancecompany

Asanemployerinvolveyourmanagementsupervisory
andotheremployeesinsomeformofaccidentprevention
activityThismightincludemembershiponasafetycom
mitteeinvolvementinthepromotionofsafetycontestsor
developmentofanaccidentpreventionincentivesystem

PracticewhatyoupreachIfyouastrusteesyourmana
gersandtheirsupervisorsobservegoodaccidentprevention
techniquesyouremployeeswilltendtoimitatethoseprac
tices

Takeadvantageofprofessionalassistancethatmaybe
availabletoyouForexampletheStateFundofferstoits
insuredsuchsafetyorientedcoursesasfirstaidtrainingand
driversafetyprogramsRecentlywehavedevelopedarath
ersophisticatedsupervisorscourseonaccidentprevention

ConsiderthepracticabilityofhiringthehandicappedIt
hasbeenmyexperiencethatthesocalledhandicappedpeo
plemakeunusuallygoodrisksasfarasfutureindustrialac
cidentsorattitudesareconcerned

Determinethefeasibilityofpreemploymentandthere
afterperiodichealthexaminationsforreasonsofjobassign
mentaccordingtophysicalcapabilityratherthanemploy
menttermination

Bewaryofadoptinganattitudethatallindustrialinjury
claimsariseoutoffraudWhilethereislittledoubtthere

arepeoplewhowilltakeadvantageofthesystemtheprob
lemliesinhiringpracticesandpersonneladministrationIt
isextremelydifficulttoprovefraudandthepersonwhoen
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gagesinafradulentproceedingagainstyouhasbeensteal
ingfromyoulongbeforeherecognizedtheremaybesome
rewardforaphonyclaimAworkmenscompensationap
pealsboardisapoorplacetoprovethatanemployeeisless
thanhonest

LastlyusetheWorkmensCompensationSystemasa
meansofimprovingyourrelationswithyouremployeesIt
occurstomethatanyinjuredemployeedeservesthecour
tesyofapersonalcallwiththereassurancethatyouasan
employerwilldoallthatisnecessarytofacilitateanearly
recoveryandsuccessfulreturntoworkThisreassuranceof

tentimesisallthatisnecessarytokeeptheinjuredfrom
seekingoutcostlylegalredressInthosecaseswhereaper
sonisseriouslyinjuredIsuggestthatyouworkclosely
withyourStateFundclaimsadjusterHeisinterestedin
thephysicalrehabilitationofyourinjuredworkmanand
sharesyourconcern

Theclaimsadjusterisanexpertintheprocurementof
thebestmedicalcareatthemostreasonablecostHehasac

cesstorehabilitationcounselorsHecankeepyouandyour
injuredemployeeinformedastothemostexpedientande
conomicalsolutiontotheinjuryproblem

InconcludingthisaddressIwouldliketoreemphasize
theideathatworkmenscompensationoffersanexcellent
opportunityfortheimprovementofemployeremployeere
lationshipsandcanbeusedinapositivewaytoincreasethe
efficiencyofyouroperationandreducethecostofyour
business

Perhapsthenthisisonewaywhereallofuspullingto
gethercanbridgethateverwideninggulfwhichissurely
oneofthemenacesofourcomputerage
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PUBLICLIABILITYINSURANCE

LorenJBerry

PurchasingDepartment
CountyofOrangeSantaAna

Ourprogressinlifehasdemandedspecializedstudyand
developmentinalllinesofendeavorWehaveseenstandard
liabilityinsuranceofpreviousyearssegregatedintospecial
izedcoveragessuchascomprehensivegeneralliabilityau
tomobileliabilitymanufacturersandcontractorsliability
ownerslandlordsandtnantsliabilityaircraftliability
druggistsliabilityandmanyothersYetduetoprogress
andgrowthofcivilizationeachinsurancecoveragemust
continuallychangeexpandanddiversifytoproperlycover
theinsurerSoitiswithcomprehensivegeneralliabilityin
surancecoveragethatweingovernmentmustrelyonto
protectusItisuptoyouandmetoseetoitthatevenwith
thiscomprehensivecoverageconditionsaresetforthto
coverallconditionsofouroperationandexposuresincon
nectiontherewith

Weallrecognizethatintodaysworldwecanbeheld

accountableinthecourtsforournegligenceforourfailure
toexercisereasonablecareforourfailuretoactasreason

ablyprudentpersonsinthecircumstanceswhichconfront
usThisdoesnotmeanthatweshouldhesitatetocarryout
alosspreventionprogramanymorethanasurgeonwould
hesitatetooperatebecauseheknowsthathemaybesued
formalpracticeifthepatientfeelsafterapoorresultthat
thesurgeonwascarelessorincompetent

Inmosquitocontrolyoufaceapublicservicethatre
quiresphysicalcontroltoaccomplishthispublicserviceIn
thisapplicationyoumaybesubjecttobeingaccusedof
negligence

Itseemsinbeingapublicservantthatweareprimetar
getsforanysupposednegligenceforfailuretoexerciserea
sonablecareandanyfailureinoperationsthataffectsthe
verypersonorpropertyyouaretothebestofyourability
tryingtosaveorprotect

Nodoubteachoneofyoufindsinhisdistrictdifferent
geographicalconditionsandtypesofoperationsthatvary
witheachotherandrequiredifferentmethodstobeusedto
accomplishthehandlingofallconditionsandcircumstances
tocontrolmosquitoes

DescribingpublicliabilityislikedescribingaModelT
Fordinordertoprojectwhatourautomobilesareliketo
day

Theneedforexpandingpublicliabilityinsuranceover
thepasttenyearshasgrowntokeeppacewiththegrowth
andprogressofourcivilization

Livingwithandacquiringaknowledgeofclaimsagainst
countygovernmentincludingitsdistrictswefindthatin
surancecoveragestandardpoliciesarenotkeepingupwith
improvedandmorecomplicatedmethodsofoperationdue
totheexposureofthepopulationgrowthinCalifornia

Thecomprehensivegeneralliabilityinsuranceofferedto
ustodayshouldbeanalyzedwordbywordandparagraph
byparagraphtomakesurethatthecoveragecoversyour
operationsInpurchasingthisinsurancewethebuyers
maybesomewhattoblameforanyinadequatecoverage
Wemustscheduletheequipmentusedthemethodofop
erationandwheresuchequipmentandoperationswilltake
placeThemeaningofwordsandparagraphsshouldbeana
lyzedastotheirapplicationtoyouroperations

Standardpoliciestodaydonotprovideuswithcondi
tionstomeetourpresentdayoperations

TheCaliforniaMosquitoControlAssociationmembers
aretryingtocontrolthesamemosquitothattheywerecon
frontedwithtenyearsagobutisitnottruethatover
thosetenyearsyouarecontinuallysearchingfornewcon
trolmethodsJustasthesemethodsandscopeofcontrol
operationschangesoshouldyourinsurancebereviewed
forpossiblechangestocoversuchconditionsInother
wordstodaywearebeingofferedcomprehensiveliability
insurancethatmaynotbesufficientlycomprehensiveto
coverallofouroperationsandexposures



Asyourexposuresgrowtherecomesatimetoconsider
excessorumbrellaamountsofcoverageoverpractical
primarylimitsAtthispointinpurchasingsuchinsurance
besuretoprovideaconditionofwhoandatwhatpointin
sureroftheprimaryinsurancewillhandlelawsuitsAskif
theinsurerswillhandlelawsuitstoconclusionoronlyto

theamountoftheprimarylimitThisiscalledawalka
waysituationwhencounselhandlesasuittothepoint
thattheprimarycoverageisreachedifnoexcessinsurance
iscarriedTheinsuredmayfindhimselfholdingthebagin
suchcases

Buyingyourneedsofexcessinsurancefromthesamein
sureroragencyusuallytakescareofsuchwalkout
counselsituations

Itiswisertobuyhigherlimitsthanlowlimitstosave
premiumcostsWhensuitsarebroughtagainstgovernment
albodiestheaskedfordamagesarealwaysgreaterthana
gainstothersandregardlessofexcessadditionalcoverage
theminimumprimarylimitsofliabilitycoverageshouldbe
500000foreachpersonwith1000000foroneoccur
rencewith150000propertydamage

Ifyouremployeesaredeputizedtomakearrestsyour
policyshouldbeamendedtoincludepersonalinjuryto
coversuchexposureasfalsearrestlibelslanderinvasion
ofprivacyetc

ReviewandstudyyouraccidentswiththoseinvolvedIf
anynegligenceisinvolveditwillcometothesurfaceand
futureoccurrenceswillbeminimizedbythesestudiesand
exposureswhetheryoufindthemguiltyofnegligenceor
not

Ihavecoveredsomeofthemoreimportantfeaturesof
publicliabilityinsurancecoverageandImsurethatyou
realizethatbookshavebeenwirttenonthissubjectEven
soIbelievewelearnfromsuchmeetingsasthisandifthis
discussionhasmadeyouawareoftheconditionofnegli
genceinourdailyoperationswehavebeenrepaid

EMPLOYEEBENEFITS

RobertJBolsonVicePresident

Marsh McLennanIncLosAngeles

Medicalbenefitsforemployeesarewrittentocoveroff
thejobinjuriesorillnessesCompensationinsurancecovers
onthejobaccidentsTheremaybesomeoverlapsuchas
GroupLifeinsurancewhichpaysinadditiontotheCom
pensationcoverage

Groupinsurancehaditsoriginabout40or45yearsago
followingcloselyontheCompensationinsurancefieldThe
firstbenefitthatwasprovidedwasGroupLifeinsurance

Itwasintendedasadeathbenefitoraburialfundforthe

averageworkingmanPoliciesthosedaysprovidedaslow

as25000or50000Rarewasthepolicythatwentto
100000Todaymostemployersprovideseveraltimesthis
amountandinmanycasesmorethantheamountofanan
nualsalaryasadeathbenefit

Groupinsurancereceiveditsbigimpetusduringandaf
terWorldWarIIUnionsbylawcouldnotbargainforben
efitsthatwouldcontributetoinflationsuchaswagein
creasesBenefitswhichweredeferredwerenotconsidered

inflationarysotheunionsturnedtheirattentiontothefield
ofemployeebenefitssuchasPensionsandGroupMedical
plansSincethemiddlefortiestherehasbeenaconstant
accelerationinbenefitsandunionsinmanycasesarethe

primemoversWhenunionsparticularlythelargeonessuch
astheTeamstersorSteelWorkersbargainforemployee
benefitstheyaredoingsoformanythousandsofemploy
eesplustheirdependentsThishasatremendousimpact
ontheemployeebenefitsfieldthelocalcommunityand
theeconomyoftheentirecountry

AgoodillustrationofthisisfoundinthefieldofDental
insurancewhichuntilafewyearsagowasnonexistentA
coupleofyearsagoanumberofunionsstartedbargaining
forDentalbenefitsTodayeveryTeamsterandmostretail
clerksinSouthernCaliforniahaveDentalcoverageThere
aretwotothreehundredthousandpersonsinSouthernCal
ifornianowcoveredThishasaneffectonallemployersbe
causetheymustkeeptheirbenefitplanscompetitiveMu
nicipalitiesandpoliticalsubdivisionsmustalsocompetein
thelabormarketsotheymustalsorecognizethenecessity
ofhavingadequatebenefitplansPotentialemployeeshave
learnedtoevaluateemployersbythekindofbenefitsthey
provideforthem

Thetrendtodayinemployeebenefitsistowardtheso
calledcompletepackageNotonlyGroupLifeandGroup
MedicalbutsuchancillaryitemsasGroupDentalGroup
DrugVisionLongTermDisabilityandotheritemsmaybe
included

IwouldliketooutlineforyouwhatIwouldconsidera
minimumemployeebenefitplanThetermminimumis
whatanemployershouldprovideasaminimumbaseMany
planswillprovidemuchmorethanthisOntheotherhand
therearesomewhichwillprovidelessInaGroupplanyou
shouldachievesomebalancebetweenthevariouscompon

entsAplanthatistopheavyinGroupLifeandisweakin
Medicalbenefitsispoorlydesigned

InmyopiniontheminimumamountofGroupLifein
suranceanemployershouldprovideanemployeewouldbe
anamountequaltohisannualincomeIftheemployee
earns500000ayearthatshouldbetheapproximatea
mountofLifeinsuranceprovidedforhimGenerallywe
roundouttheamounttothenextthousandifanemployee
makes520000itwouldberoundedto600000
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TheemployeealsoshouldhaveanequalamountofAc
cidentalDeathcoverageInlaymanstermsthisissome
timesreferredtoasDoubleIndemnityifdeathisaccident
alinsteadofreceiving5500000theemployeessurvivors
receive1000000

InthefieldofMedicalinsuranceaplanshouldprovidea
reasonablehospitaldailybenefitAsaguideitshouldbe
equaltoabout80oftheaveragewardchargeinthearea
Awardisdefinedasanyroomwiththreeormorebeds
Thereisatrendinmanynewhospitalstoeliminatetheward
facilityNewhospitalsthereforehavefewwardsexceptfor
pediatricsthetrendistowardonlyoneortwobedsina
roomIfyourplanprovides80oftheaveragewardroom
chargeyouareprovidingareasonableminimumbenefit
TheaveragewardroomchargeinSouthernCaliforniaisap
proximately4500InLosAngelesitiscloserto5000
Ofcourseyoudonothavetowriteyourplanonan80of
wardbasisYoucanhaveadollarlimitifyouprefer

Inadditionyourplanshouldpayapproximately80of
themiscellaneouschargesThesearethechargesthehospi
talassessesfortheuseofitsequipmentforthemedication
itprovidesandforotherproceduresinvolvedintreatingill
nessorinjury

Maternityisaneventthattheaverageemployeehasany
wherefromseventoninemonthstoprepareforItisnot
consideredinthesameseriouscontextasbreakingalegor
havingcancerSomeemployersdonotwishtocoverpreg
nanciesbutthemajorityofplansdohaveMaternityben
efitsTheusualprovisionsforMaternitybenefitsaremin
imal 5000to10000 whichintheaveragecasepro
videsnotmuchmorethanonethirdofthecostYoucan

notpaythefullcostofamaternityintheaverageplanin
volvingalargefemalepopulationwithouthavingasignifi
cantportionofthepremiumdollarallocatedforthisben
efit

LiberalMaternitybenefitsaredollarswappingwiththe
insurancecompanyThpeoplewhousethemaremostly
under35andparticularlythefemaleemployeewhocomes
onthepayrollforayearortwomarriesbecomespregnant
takestimeofftohaveababyandinmanycasesdoesnot
returntoworkMaternitybenefitscostaboutacentper
dollarInsuranceisadistributionofriskbutmaternityisa
selectionbenefitthatdoesnothavethefortuitouselement

associatedwithMedicalinsurance

Whetheryourplanshouldprovidefordoctorcallsissub
jecttoagreatdealofdebatePersonallyIwouldnotrec
ommenddoctorcallsinaplanTheyareexpensivesubject
toabuseanddifficulttocontrolIbelievethatthepremium
dollarthatwouldbeallocatedforthatbenefitcouldbebet

terspentinotherareasIdothinkagoodbenefitwouldbe
anominalXrayandlaboratorybenefitpayableforsuch
proceduresoutsidethehospitalThiscouldbeofferedon
thebasisof2500or5000Itisintendedtotakecareof

thestomachpainwhentheindividualisnotseriouslyille
noughtobehospitalizedbutcouldincuranexpenseof
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1500or3500inXrayetc

AnotherimportantpartofaplanandIthinkthatinthis
dayandageitismandatoryinanybenefitplanisasup
plementaryMajorMedicalbenefitThistakestheformof
paying80ofallchargesabovetheBasicbenefitsaswell
asexpensesnotcoveredundertheBasicplanuptoausual
maximumof500000to1000000Thiswouldbeavery
simpleillustrationofMajorMedicalAssumethatanem
ployeehadexpensesof110000andyourbaseplanpays
40000Thatgiveshimanexcessbalanceof70000He
wouldpay10000ofthathimselfandtheMajorMedical
benefitwouldpaytheremaining60000Withamin
imumBasicandMajorMedicalplanlikethisthere
willbefewcasesofanemployeeoradependentwho
willhavehighoutofpocketexpensesunlesstheybecome
involvedwithanorgantransplant

Itisalwayspossiblethatanemployeemighthavecan
ceretcandincurexpensesof2500000to5000000
sothetrendtodayisforMajorMedicalplanstoprovide
maximumbenefitsinthisrangeTherentalonadiuralysis
machineforanemployeewithakidneyinfectionforafair
lyshortperiodcouldeasilyreach1000000Wemustlook
tothefuture organtransplantsarebecomingmoreand
morefrequent andtheywillnotbecomeinexpensive

Iwouldestimatethatwithinthenextseveralyearsthe
Healthplantrendwillbetoprovide2500000or
5000000maximumbenefitsowingtotherisingcostof
medicalattentionThesecommentsarenotmadetocriti

cizeanyoneinthemedicalprofessionforwhathecharges
Itisamatterofeconomicfactthatgoodmedicalcareand
treatmentareexpensiveEithertheinsuranceindustryand
theemployerswillmeetthesecostsortheGovernmentwill
stepinandfillthevoid

NowwhatdoestheaverageminimumBasicandMajor
MedicalplancostItvariesconsiderablydependingonage
sexmakeupofgroupsizeandpriorclaimsexperienceAs
aruleofthumbapproximately700to1000amonth
fortheemployeeandanadditional1400to2000for
dependentsMycostsaresomewhatonthehighsideMany
ofyoufromsmallareasdontpaythatmuchnowbutIam
givingyoutheaveragecostthroughouttheState

Thetrendinbenefitsisfarbeyondtheoriginalconcept
ofLifeinsuranceHospitalSurgicalandMajorMedical
plansTodaymanyplansareincorporatingDentalbenefits
ADentalplancanbewritteninanynumberofwaysbut
themostcommononepays80ofascheduleAschedule
mightrunaslowas2000foranextractionandupto
30000foranupperandlowerdentureTheclaimantus

uallyreceives80oftheamountSomeplanshavededuc
tiblesothersdonotTheaverageTeamsterplanwhichis
thetypeIpreviouslymentionedcostsabout1000to
1200amonthforafamilyThatisquiteexpensive
thoughnotinrelationtothebenefitItisonlyexpensivein
relationtowhatyouasemployershavetopayfortheben
efitsyouwanttoprovideWhenyouconsiderthecostofa



LifeandMedicalplanaddyourPensionplancostsifyou
haveoneandotherfringebenefitsanadditional1000or
1200forDentalcoverageisanexpensethatIwouldsug
gestanemployerconsideronlyafterhehastakencareof
othermoreimportantareasCertainlyIwouldneverrec
commendthatanemployerputinaDentalplaninprefer
encetoaPensionplanAPensionplanmaycostalotmore
butisfarmoresociallyandeconomicallydesirablethan
Dentalcoverages

VisionCareisanotherbenefitplanwhichisbecoming
quitepopularThisisoneaboutwhichtheinsurancebusi
nessitselfisnotenthusiasticbecauseitreallybecomesadol
larswappingarrangementTheaveragecostofapairof
glassesincludingrefractionlensandframeisabout5000
inCaliforniaTheaverageVisionCareplancostsfrom250
to300amonthforonefamilyIsthisaninsurableitem
Itisifyouwantittobebutisitnotlikeinsuringthetires
onyourautomobileTheinsurancecompanieswillsellit
butforpracticalpurposestheyarenotpushingitTheim
petusforitiscomingfromtheunions

DrugplansareinthesamecategoryManyplanswillpay
80ofthecostofdrugsTheaverageprescriptioninthis
StateaccordingtotheCaliforniaPharmaceuticalAssocia
tionisabout455or500Thatmeansyouareinsuring

350to400onaprescriptionIsthisinsuranceandisit
desirableIleaveituptoyoutodecide

WearequiteconcernedwiththeLongTermDisability
benefitsbecausewebelievethisisgoodinsuranceLong
TermDisabilityisaplanwhichprovidesbetween40and
60ofanindividualsincomeafterhehasbeendisabledfor

areasonablylongperiodoftime generallythreetosix
monthsBecausetheCaliforniaUCDlawpaysuptosix
monthsfordisabilitymostLongTermDisabilityplansin
Californiahavea181daywaitingperiodNormallyben
efitsunderLongTermDisabilityareintegratedwithSocial
SecurityDisabilitySocialSecurityDisabilitybenefitsas
youareawareprovideaminimumsubsistencelevelLong
TermDisabilityplansareintendedtosupplementthatlevel
andprovidetheindividualareasonableincomeduringhis
disabilityperiodThiskindofbenefitisgoodandissocial
lyandeconomicallydesirableOtherwisedisabledemploye
eswouldinmanycasesbecomepublicchargesWhatdues
theaverageLongTermDisabilityplancostAsaworking
figurefrom1to1oftheemployeesannualincomeIf
hemakes100000amonthanditisahrateitwould
costtheemployer500amonthMostemployersfindthat
itisnotpracticaltocontributetoLongTermDisability
plansbecauseofthewayinwhichourrevenuecodeisset
upIftheemployermakesacontributionwhichistoohigh
thebenefitisataxableincometotheemployeeIftheem
ployeebuysitallitisnotsubjecttoanyincometax

Inoticethataboutnineofyourdistrictshavenocover
ageInmostcasesthesearesmallgroups perhapsthreeor

fouremployeesInCaliforniaasinmoststatesthestate
codeprovidesthatyoumusthavetenfulltimeemployees

beforeyoucansecuretrueGroupinsuranceTrueGroupin
surancemeansthattheinsurancecarrierprovidesthebene
fitswithoutanyrequirementthattheindividualdisclose
anythingconcerninghismedicalconditionorhismedical
historyIfaninsurancecompanyacceptsatruegroupit
mustaccepteverymemberForgroupsoflessthan10mem
bers 4to9 mostcompaniesincludingBlueCrossand
BlueShielddoofferwhatiscalledfranchisewholesaleor

quasigroupThisisnottrueGroupinsuranceHerethein
dividualcompletesamedicalquestionnaireandthecarrier
hastherighttowaiverhisconditionaccepthimorreject
himSometimesiffivepersonsareeligibleandtwoaresub
standardrisksthecarriermayrefusetotakethewhole
groupbecauseitdoesnotwanttotakethesetwosub
standardrisksForthoseofyouwiththreeorlessemploy
eesthereisnosolutionunderexistingarrangementsYou
cannotgetquasigrouportruegroupYouronlyalternative
wouldbetogotosomeinsurancecompanyandtrytoget
individualpoliciesforeachofthetwoorthreepersonson
yourpayrollThisisnotthemostdesirableapproachbe
causethebenefitsarerestrictedthecostishighandpeople
canbeturneddownButeventhattypeofbenefitmaybe
betterthannone

Forthoseofyouwhohavepersonsover65onyourpay
rollIdontthinkyouneedbeconcernedMedicaredoesdo

afairlyadequatejobforthoseindividualswhoqualifyfor
itwhichispracticallyeveryonereceivingsocialsecurity

Whetherornotitwouldbepracticableforyouasdis
trictstocombinetogetherforpurposesofsecuringGroup
insuranceisquestionableIdonotnecessarilyrecommend
ittoyoubutIthrowitoutforyourownthinkingNormal
lywefindthatwehavetohaveacoupleofhundredper
sonsbeforewecansetupaworthwhilepracticalgood
GroupinsuranceprogramSomeassociationshavefound
thatbypoolingtheirinterestswhichispermissibleunder
thestatecodetheycanimprovetheirbenefitandsituation
ButthepathislongandthornyThoseofyouwhocando
bettercostandbenefitwiseoutsideofanassocaitionplan
wontbetoointerestedUnlessyoucansecureunanimous
cooperationinanassociationGroupplanastoallentities
workingtogetherforthecommoninterestsofeachother
theobjectiveofaplanforthememberswillnotbeachieved

AIRCRAFTLIABILITYINSURANCE

RoyHester

AgriculturalAircraftAssociation
SanJose

Inourworkwiththecommercialaerialapplicatorswe
havelearnedagreatdealabouttheirmissiontheirprob
lemsandtheirtechniquesWehavedevelopedareasonably
goodinsuranceprogramoveraperiodofmorethan20
yearswhichhasofferedadequateprotectionatpremium
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levelswhichcomparewiththeinsurancecostsofcommer
cialoperatorsinotherphasesofaviationsuchasaircraft
salestrainingrentalandcharter

Inthisdevelopmenttheinsuranceunderwritershaveen
joyedanumberofadvantagesintheexclusionsandrestric
tionsimposedintheirpoliciesaswellasinregulationsim
posedupontheoperatorsbyfederalstateandlocalagen
cies

Astheoperatorshaveintroducedmorevoluntarycon
trolsandastheyhaveacceptedmorelegislativerestric
tionstheirinsurancepolicieshavegrownbroaderlessre
strictiveandmoreeconomical

Allthismindyouhatakenplaceinanindustrywhose
objectiveistomakemoneyandwhosemissionistoserve
itsprivateclientele

Thesimilaritybetweenyouroperationsandthoseofthe
commercialapplicatoraraeasilydrawnbothareengagedin
dispensingeconomicpoisonsbyaircraft

Therethesimilarityends

Wherethecommercialoperatormayworkundercon
trolsimposedbyhisownjudgmentandunderrestrictions
imposedbyvariousagencieshavingjurisdictionoverhisop
erationsaswellasovertheoperationsofhisclientthe
mosquitoabatementdistrictmustoperatemoreintheat
mosphereofexpediencylikethefireprotectiondistrict
policedepartmentandothersafetyagenciessupportedby
andoperatingunderthemandateofthepublicwhichthey
serve

Thecommercialapplicatorhasacontractualobligation
toasingleclientandmustshowperformancetothatclient
ifheexpectstogetpaidHemustconfinehisapplicationto
thepropertyofthatsingleclientorsufferdireconsequen
ses ofteninvolvinghisinsurancecarrierintheseconse
quences

Themosquitoabatementdistrictowesanobligationof
performancetotheentirecommunityandmustbefreeof
restrictionsbeyonditsownintegrityifitistosatisfyitsob
ligation todestroymosquitoeswherevertheymaybe
found

Obviouslyitisinthedifferencesratherthanthesimilar
itiesbetweentherespectiveoperationsthattheinsurance
underwritersareinterested

Aviationinsurancestillisarelativelynewfieldofinsur
anceItissubjecttowhatwecalljudgmentunderwriting
ratherthanactuarialorstatisticalratingproceduresItisof
coursehighlyspecializedLikewiseprovidinginsurancefor
politicalsubdivisionsstatescitiesschooldistrictsandfire

districtsrequiresspecializedunderwritingknowledgePut
themtogetherandyoupresenttheinsurancemarketwith
ahighlyexperimentalunderwritingprogram

Inlookingthroughthematerialofferedmeinthe
preparationofthisdiscussionInotedthatthosedistricts
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operatingtheirownaircraftgenerallyobtainedinsurance
policiesfrommarketswhicharefamiliartothecommercial
applicatorsandprobablyofferingidenticalcontractsofin
surance

Icertainlyhavenoreasontoquestionthesepoliciesex
ceptthatmostofthemweredevelopedthroughdirectne
gotiationsbetweenthecommercialandagriculturalaircraft
industryandtheunderwritersproducingthepoliciesProb
ablythepolicyprovisionsandratesareidenticalwiththose
ofthecommercialoperatorsincludingexclusionsloadings
forchemicalclassificationsandterritoriesandrequire
mentsforcompliancewithfederalstateandlocalregula
tionsrelatingtoagriculturalaircraftoperations

ThetimemaywellbeappropriatefortheCalifornia
MosquitoControlAssociationtocombineitseffortstoward

thecollectivenegotiationforitsaircraftinsurancerequire
mentsmuchasthecommercialapplicatorshavedone

Ofthe60mosquitocontroldistrictsinCalifornia20of
themnowownandoperatetheirownaircraftSometwelve
othersmaintaincontractswiththecommercialapplicators
foraerialapplicationThesecombinedoperationsin1967
treatednearlytwomillionacresinthecontrolofmosqui
toesovertwentypercentasmuchacreageasthattreated
withpesticidesbythecommercialaerialapplicatorsinCal
ifornia

Thepresentlevelofaircraftinvolvementinyouractivi
tiesandthefactthataircraftinsuranceisofsufficientin

teresttorateanimportantspotatthisConferenceindi
catestomethatexpansionofaerialapplicationintothe
mosquitocontrolindustrywillberapid

AnticipatingthisexpansionIsuggestthatitwouldbea
worthwhileprojectforyourinsurancecommitteetomakea
thoroughsurveyofyourinsurancerequirementsandof
theirrelationshipstoexistinginsurancemarketsandcon
tractsofinsuranceavailable

Becauseofthediversityoftheiroperationsandindivi
dualinsurancerequirementswehaveneverbeenabletoar
rangeasuccessfulgroupliabilityinsuranceprogramforthe
commercialoperatorsThisofcoursedoesnotapplyto
theirworkmenscompensationprogramwhichhasbeenan
unqualifiedsuccessfornearlyfifteenyears

Howevertheveryfactorswhichmightprohibitagroup
programinprivateindustryappeartobequitefavorableto
theCaliforniaMosquitoControlAssociation

1Operatingmethodsarequitesimilarbetweenthevari
ousunitsoftheindustry
2Exposurefactorspresentedtotheinsuranceunder
writersaresimilarifnotidenticalForexamplewecan
assumethatliabilitylimitsmightbeidenticalforeach
districtthroughouttheassociationandalsothatchemi
calformulationsusedbythevariousdistrictswouldfall
intoasingleclass



3Thebasisofpremiumcanbeapplieduniformlytothe
districtswithintheAssociationandtotheoperating
unitswithineachdistrict

Identifiedalittledifferentlythesefactorsarewhat
makeitpossiblefortheinsurancecarrierstosuccessfully
underwritegroupprogramsinworkmenscompensation
healthandaccidentandotherformsofinsurancewhereby
anattractivevolumeofpremiumsisofferedtotheinsurance
carrierandextrabenefitsaremadeavailabletothegroupin
broadercoveragesmorejustandeconomicalratesandin
manycasesparticipationinthecarriersprofitsintheform
ofdividends

WecitizensaregratefultotheCaliforniaMosquitoCon
trolAssociationforitsactivitiesinbehalfofourhealthand

comfortWeareimpressedbythemagnitudeofyouref
fortsespeciallyintheadaptationoftheaircrafttomosqui
tocontroloperationsAsamemberoftheinsuranceprofes
sionIfeelthatyouareentitledtorecognitionbytheavia
tioninsurancemarketasanentityapartfromothergeneral
aviationclasses

THESTATEDEPARTMENTOFPUBLICHEALTH

ITSROLEANDRESPONSIBILITIESINVECTOR

CONTROLANDRELATEDACTIVITIES

RichardFPeters

BureauofVectorControlandSolidWasteManagement
CaliforniaDepartmentofPublicHealthBerkeley

Idebatedverystronglywithmyselfwhenyouinvited
metoaddresstheCaliforniaTrusteeswithwhomIhave

talkedpersontopersonovertheyearsastowhetheryou
neededtoknowmoreabouttheBureauofVectorControl

anditsprogramintheDepartmentofPublicHealthand
wheretheBureaurelatestothewholeschemeofthings
ThenIreflectedabitandrealizedthatinsideofthelast

yearIalsohavehaddifficultyinkeepingthingsstraight
letalonepronouncingsomeofthenewdesignationsthat
havecomeintoexistencewithinmyveryownprogram

SoIdecidedthatperhapsIshouldrecitewhatrecent
changeshavehappened

EarlylastyearIwasworkingfortheHealthandWelfare
AgencyIworkedthenasnowintheDepartmentofPub
licHealthbutIworkedfortheDivisionofEnvironmental
SanitationasChiefoftheBureauofVectorControlSince
December1IhavebeenemployedbytheHumanRelations
AgencyintheCaliforniaDepartmentofPublicHealthbut
intheDivisionofEnvironmentalHealthandConsumerPro
tectionandtheunitofwhichImstillChiefisnowthe
BureauofVectorControlandSolidWasteManagement
Allofthishashappenedinthisrecentperiodoftimeper
hapsalsoconveyingtheinferencethatIvegotsomethingto
worryaboutbesidesmosquitoesIassureyouthisisvery
muchthecase

Irememberin1935whenIattendedtheUniversityof
Californiacomingtothefirstclassinpaleontologyandnot
ingProfessorChaneystumbleashecaughthisheelonanew
carpetlaidonthefloorofthespeakersrostruminWheeler
AuditoriumHesaidWellblastthatdevelopmentthat
wasntherewhenIlecturedlastyearHethenwentonto
pointoutthatchangeisconstantlyunderwaybothfor
goodandotherwiseReferencingthisverythoughttothe
originoftheCaliforniaDepartmentofPublicHealthisa
mostinterestingstorywhichIwouldliketorelatebecause
itdoesshowprettymuchhowwehavecometobewhatwe
aretodaynotasaresultofcarefulplanningbutbycapital
izinguponcrisesThisisaregrettablestatementtohaveto
makebutmostofourgainsinpublichealthoccurbecause
someeventhappenswhichcallstotheattentionoftheleg
islativeandtheexecutivebranchesofgovernmentwhat
shouldhavebeendonepreviouslytopreventithappening
Thenmoniesbecomeimmediatelyavailable

Californiahasthedistinctionofhavinghadthesecond
BoardofHealthwithinournationeventhoughwearea
relativelyyoungstateOurBoardofHealthwasorganized
intheyearof1870secondonlytoMassachusettsTherea
sonaBoardofHealthwasorganizedwasthatfollowingthe
goldrushdaystheintestinaldiseasesandavarietyofother
diseaseswererampantCholeraandtyphoidfeverwereprob
lemsofgreatimportanceandalasmalariawasalsoofsuch
greatimportancethatsomethingurgenthadtobedoneIt
tookpeoplewithperspectivetostartthingshappeningand
theyarrangedbystrongrepresentationtoourlegislatureto
getminimalfundstoutilizethemeagerknowledgethen
availableWehavetorememberalsothatinthisperioddis
easewasntknowntobecausedbymicrobesbutwasrep
resentedtobecausedbymiasmasfoulairandallsorts
ofothermysteriousinfluencesInfectionintodayssense
ofthewordwasntevenunderstood

AmanbythenameofThomasLoganworkedfortwenty
yearsinordertogetourBoardofHealthestablishedHe
wasitsfounderandbecameitsfirstexecutiveofficerThe

wholeconceptofstateresponsibilitythenwaslinkedto
diseasereportingandthearrestingofdiseaseasbestit

couldbedoneThusthewholepurposeoftheBoardof
Healthwastoactasacentralagencyforreportingofdisease
andthequarantiningofdiseaseQuarantiningwasastrong
wordinthosedaysAnytimethatadiseaseepidemicbroke
outquarantiningwasthepracticeandeverybodywascon
fineduntilallthepeopleinvolvedeitherexpiredorgotbet
terThelatterwerethenreleasedfromquarantine

Shortlyaftertheturnofthecenturythatominousthing
calledblackdeath plague appearedinthecoastal
citiesofCaliforniaTheseepisodesofratborneplague
whichpresumablyoriginatedbywayoftheshipsthatdock
edinSanFranciscoandLosAngelesharborsandultimately
inOaklandbecameamatterofgreatconcerninCalifornia
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TheStateDepartmentoPublicHealthbegantoobtainits
foundationswhenplaguebecamemoreimportantandwhen
theCaliforniaclimatebecamebetterappreciatedforits
therapyupontuberculosisandmanypeoplewithsocalled
consumptionflockedtoCaliforniaThesediseasesand
ofcoursethesocialdiseasestheywerentevencalledvene
realdiseasesinthosedaysbecameobjectsofthedepart
mentsearlyattentionItwasindividualphysicianswhohad
astrongdesiretohelppreventandcontrolthesecommuni
cablediseaseswhogaveisetotheearlydepartmentalacti
vitiesThusintheearlyyearsofthiscenturythedepart
mentbegantoshapeupassomethingseparateandapart
fromaBoardofHealthwhichthenperformedmostofthe
official actionsthroughitsexecutive secretaryThe

executivesecretaryoftheBoardbecametheDepart
mentDirectorasthestaffincreasedbutitdidntin

creasedrasticallyitincreasedinsmallstagesAlaboratory
wasfoundtobeessentialinordertoconfirmthatillnesses

wereindeedcausedbyinfectionssoastatehygeniclab
oratorywascreatedtoaidthedepartmentinfulfillingits
preventiveactivitiesinrelationtocommunicablediseases

Interestinglyenoughearlyinthefirstdecadeofthetwen
tiethcenturythebiggestnameinCaliforniaMosquitoCon
trolProfessorWilliamBHermsemergedastheUniversity
ofCaliforniascontributiontothepreventionofmalaria
ProfessorHermshavingheardoftheoutbreaksofmalaria
inCaliforniafrom1891to1896Californiahadtwelve

thousandcasesofmalariacametotheUniversityofCal
iforniain1908Shortlyafterwardshewasmadeaconsul
tanttoourdepartmentItwasnttoomuchlaterthata
notherveryprominentname HaroldFarnsworthGray
cameintoviewinconjunctionwithProfessorHermsBoth
werelatertobeassociatedwiththeAlamedaCountyMos
quitoAbatementDistrictandbothformedtheonetwo

punchoftheearlyeffortsdirectedagainstmalariainCali
forniaThetwoofthemincollaborationwiththerailroads
andinthosedaystherailroadswereaveryimportantforce
indemonstratingnewconceptsofdiseasepreventionand
controlwentonacrusadetoPenrynandOrovilleInfact
HaroldGraymethiswifeHarrietduringthedemonstration
projectinOrovilleThisteamactuallypioneeredthecon

trolofAnophelesmosquitoesinthoseearlydemonstration
andeducationalactivitiesTheywerereallytakingthemes
sagetothepeoplewaybackwhenAlsothenameHarold
GrayappearsinthebackgroundoftheDepartmentofPub
licHealthforhewasadistricthealthofficerfrom1917to

1919coveringtheSacramentoValleyregionThestatewas
brokendownintofiveregionsforabriefperiodoftime

Thenextepisoderelatingprimarilytomalariacame
throughsupportoftheRockefellerFoundationintheearly
1920sItprovidedanengineerbythenameofLennertand
subsequentlyamanbythenameofStewartthroughtheIn
ternationalHealthBureauincollaborationwiththeUnited

StatesPublicHealthServiceTheseengineersperformed
controldemonstrationsintheSacramentoValley

34

In1915theMosquitoAbatementDistrictActwaspassed
bythelegislatureProfessorHermshadtriedtoaccomplish
thisforanumberofyearspreviouslyonthebasisofmalaria
controlInthosedaysthatonlyrangasmallbellbutwhen
therealestatelobbyistssaidwecantdevelopthepenin
sulaareatheSanMateoandMarinCountyareasbecause
themosquitoestormentourclients thiswastherealthing
thatimpressedthelegislature thealmightydollarThis
lobbyandthatwhichProfessorHermswascarryingalmost
aloneontheneedformalariacontrolpersuadedthelegis
laturetopasstheMosquitoAbatementDistrictAct

ThoseengineerswhocametoCaliforniaintheearly
1920salsodidsomethinguniqueYouveallheardalota
boutthemosquitofishGambusiaaffiniswhichtodayhas
beenreveredandvilifieddependinguponwhetheryouare
gettinggoodresultsfromitornotWelltheseengineers
arrangedfortheimportationofthatfishintoCaliforniain
theyear1922fromtwolocalitiesinTexasandthefirstar
rivalof600fishwasplantedinaSuttersFortlilypond
TheyweredistributedthatyearupanddowntheSacra
mentoValleyandtootherpartsoftheStatewithoutper
missionoftheStateFishandGameCornmissionwhich

reallycreatedsomeHellifyouknowwhatImean

In1930theCaliforniaMosquitoControlAssociationwas
organizedbythebigtwoProfessorHermsandHaroldGray
HaroldGraywasthenthefirstmanagerengineerofthenew
lyformedAlamedaCountyMADwhichwasaboutfifteen
yearslateingettingorganized

In1931cametheSERAprogramIdontknowhow
manyofyouareawareoftheSERAprogrambutitbecame
theCaliforniacounterpartofthedepressionWPAprogram
Duringthisparticularperiodtherewasasubstantialpublic
worksprogramwhichutilizedthevariousCaliforniaMADs
forworkprojectsTherewerentverymanydistrictsthen
andtheywereverysmallbuttheyemployedalotofpeo
pletodopermanentworkinmosquitocontrol

Thencame1938andtheresearchofDrKFMeyer
DrMeyerdistinguishedbetweenpolioandencephalitisand
suggestedthatmosquitoeswerethetransmissionagentsfor

thevirusinfectionthatwasnotpoliobutwasencephalitis
Also1938istheyearofourfirstknowledgeofAedes
nigromaculishavingobtaineditsbeginningsinCalifornia
fromwhichithasbecomeacursealmoststatewideAnd

thenappearedanotherinterestingnameSenatorBreedmay
besurprisedtohearthisbutin1939nonebutSidDommes
becamethefirstfulltimeemployeeoftheCaliforniaDe
partmentofPublicHealthtobeassignedtomosquitocon
trolHesnowPresidentoftheAlamedaCountyMAD

BoardofTrusteesandhesalsoasupervisingsanitaryen
gineerinourDepartmentsBureauofSanitaryEngineering



ThencameYoursTrulyintothesceneAfterIhadspent
alittletimeinlocalpublichealthworkIbecamethestate
mosquitocontrolofficerhavingsucceededSidDommes
InthisprewarperiodIhelpedstepuptheWPAprogram
whichbecametheforerunnertotheMosquitoControlin
WarAreasprogramInthisregardIwassubsequentlyre
wardedafterbeingcommissionedintotheArmyofthe
UnitedStatesAlthoughIhadbeenamosquitocontrol
officerfortheStateofCaliforniaandhadmademosquito
andmalariasurveysthroughouttheentirestatewhenIgot
toCampBeale whomdidtheyappointasMessOfficerIt
wasaverytryingexperiencebecauseIactuallycouldhave

doneCampBealesomegoodinthisparticularrespectbut
thearmydidntoperatethatwayLaterhoweverIwassent
tothefarreachesofAsiaandtherehadachancetomake

upforthismisgiving

DuringthatperiodofWorldWarIIalotwastaking
placeinirrigationexpansioninCaliforniaandthemosquito
problemwasingeneralgettingrealbadAlsointheyear
1944theAmericanMosquitoControlAssociationwasor
ganizedSoyouseeallthesedevelopmentsareveryrecent
intermsoftime

UponmyreturnIfoundanarousedmosquitocontrol
interestAreporthadbeenwrittenonthediseasebearing
hazardofmosquitoesinCaliforniasincethepublicandthe
legislaturewereconcernedaboutallthereturneesfrom
everyfarreachoftheworldandthepossibilitythatmos
quitobornediseasescouldreadilybeintroducedintothe
stateThelegislaturedecidedthebestwaytotacklethis
matterwasbywayofthelocalmosquitocontrolagencies
Thesewerebenefittedwithasubventionprograminthe
year1946administeredbytheCaliforniaDepartmentof
PublicHealthAtthattimewedidntevenhaveaBureau

ofVectorControltherewasamosquitocontrolsection
createdthatyearintheDivisionofEnvironmentalSani

tationWegraduallyacquiredstaffnumberingaboutahalf
dozenArveDahlwhomsomeofyourememberanen
gineerfromthePublicHealthServicewhohadbeenwork
inginmosquitocontrolinwarareasprogramwasputin
chargeofthatprogramTheBureauofSanitaryInspections

whichhadchargeoftheplaguesurveyactivitiesinthestate
aswellasmiscellaneouspublicnuisancecontrolactivities
wasamalgamatedwiththemosquitocontrolsectionandin
1947theBureauofVectorControlwascreatedThisperiod
oftimesawthemostspectacularexpansionthathasever
takenplaceinCaliforniainmosquitocontrolFollowing
WorldWarIItherewere30localagenciesstatewideCol
lectivelytheycoveredonly5000squaremilesandtheyhad
anaggregatebudgetofalittlelessthanhalfamilliondollars
Inaperiodoffiveyearsthenumberofagenciesdoubled
theareaincreasedfrom5000toabout30000squaremiles
andtherewasamanifoldincreaseinthestatewideexpendi

tureformosquitocontrolTodaywehave62localmosquito
controlagenciescollectivelyspendingalmost9milliondol

larsandcoveringanareainexcessof40000squaremiles
Themagicoftheneworganicinsecticidesofcoursealso
contributedtothisexpansionInretrospectmanyofus
wishithadneverhappenedforifthesemagicinsecticides
hadntappearedwewouldnthaveresistancetodayand
probablywedhaveadifferentenvironmentalappreciation
Neverthelesswevehaditwevebeenthroughtheseinsect
icidesAllthechlorinatedhydrocarbonsweveabandoned
becauseofresistanceandtheorganophosphorousmaterials
whichImsurethatFrankKozlikwillagreehisfishand
wildlifeinterestswererelievedtoseealsoappeardestined
togodownthedrainPerhapsthemostimportantcontri
butionofthesubventionprogramwasthestatestandards
andrecommendationswhichallofyouragenciesIhope
youllagreebenefittedfromUntilthesestandardsandrec
ommendationscameintoexistencetherewerenostandards
inCaliforniamosquitocontrolrelatingtoadministrators
technicalguidanceoroperationalpracticesEverythingwas
informalEverybodyfollowedwhattheannualmeetingsug
gestedwasthethingtodoTheycametheylistenedwent
backandpracticedcamebackreportedanddiditagain
butintermsofpracticeandintermsofuniformityandin
termsoftechnologicalexcellenceCaliforniahadnoreputa
tionatthattimeFollowingWorldWarIIthecombination
ofthelocalcontrolagenciestheBureauofVectorControl
itsAdvisoryCommitteetheUniversityofCaliforniaand
othersoftechnicalcapabilitiescollectivelyprovidedthe
basisforworkingoutsolutionstodeveloptechnological
practicesthathaveevolvedovertheyears

In1952whowouldeverforgetiftheywentthroughit
anepidemicofencephalitisoccurredThatyearresembled
thisonewithanimmensesnowpackthewaterrunoffthe
mildspringandthebiguptakeofCulextarsalisItwas
physicallybeyondthecapabilityoflocalprogramsatthat
timeWhatalsocontributedtothepredicamentwasthefail
ureofthechlorinatedhydrocarboninsecticidesafailure
whichwasntfullyappreciatedthenMosquitoeswerere
sistanttothesematerialsWhenwehadashowdownandwe

neededthemmostdesperatelytheydidntcomethrough
Anywayovertheyearswehavedevelopedagradualparti
cipationwiththeCaliforniaMosquitoControlAssociation
akindofcooperativearrangement

HowevertheBureauhasalwayshadafewotheractivi
tiesthanmosquitocontroltocopewithandthesehavebe
comemoreandmoredemandingastimehaspassedIn
1951withthecreationoftheWaterPollutionControl

BoardsnowcalledtheWaterQualityControlBoardssolid
wastemanagementbecameanorphanWhoshouldbe
chargedwiththefutureresponsibilityinthisareaTheBu
eauofSanitaryEngineeringformerlyhadthischargebe
causestrangelyenoughthebyproductsoflivingwereallde
finedassewageWhensewagewasredefinedrefusemanage
mentthatissolidwastemanagementwascompletelyover
lookedSotheBureauofVectorControlwasadministra
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tivelychargedwiththisresponsibilityIn1951theBureau
wasgivenonemantohandlethestatewideresponsibilities
ofsolidwastemanagement

Wealsoacquiredincreasedresponsibilitiesinrodentcon
trolinfactProfessorHermswasaspecialconsultanttous
onratcontrolbackinthelatefortiesWehavehadmoreand

moresuchresponsibilitiesassignedtousovertheyearswith
outthebenefitofadditionalstaffWevejusthadtore

directemphasis thepopularadvicegiventoustodayby
theDepartmentofFinanceWevebeenredirectingem
phasissolongthatweregettingmuscleboundfromat
temptingtostretchourstaffEveryyearwehearthesame
tunenoincreases sowejustgoonattemptingtodoas
bestwecan

NowletslookatthedepartmenttodayWearepartof
anenvironmentalhealthandconsumerprotectionprogram
alongsidetheBureausofFoodandDrugInspectionAir
SanitationOccupationaHealthandEnvironmentalEpid
emiologyRadiologicalHealthandSanitaryEngineering
TheBureauofVectorCcntrolandSolidWasteManagement
isnotassimpleasitsoundsforwehavefivecomponents
designatedwithinthesystemofprogrambudgetingRegret
tablyprogrambudgetingdoesntlenditselftoabiological
programNeverthelesswerecompelledtouseitandIas
sureyouthatgrayhairisasymptonofthesystem

ThefiveactivitiesintheBureauofVectorControland

SolidWasteManagementinclude
1ZoonosesSuppression thisrelatestothediseases

sustaniedinanimallifewhicharetransmissabletomanand
domesticanimalsviaarthropodsandsuchotheranimalsas
rodentsbutprincipallyinsectstickslicefleasandmites
Weattempttoutilizeanalertsystemthroughcitthestate
inwhichobserversnotifyusofabnormalsmallanimalbe
haviorordieoffsThisactivityisreferencedtoplaguetula
remiaColoradotickfeverRockyMtspottedfeverrelaps
ingfevertyphusfeverandawholescoreofotherdiseases
thatareindigenousinthewildlifeofCaliforniaEssentially
theaimistoprotecttlerecreationalistfromaveryun
happysummerdiseaseexperience

2WildernessAreaVectorControlinadditiontodis
easeswhichthreatentherecreationalisttherearesome1100

differentspeciesofanimalsincludingmosquitoesthatwe
areattemptingtoprotectthepublicagainstinCalifornia
byeitherdevelopingbettertechnologytocontrolthemor
byadvisingthepubliconhowtoavoidthemorhowtoco
existwiththemIrefertoscorpionsspiderskissingbugs
bitingfliestickstarantulasrattlesnakesoranyotherun
pleasantanimalyoucanthinkofthatyouveexperienced
orthatthepublicislikelytoexperience

3CommunityAreaVectorControlinadditiontorec
reationandwildernessareascommunityareasallhavevec

torproblemsparticularlycockroachesratsmicepigeons
andhouseholdinsectsWeprovidetechnicalassistancetoat
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tempttosolvetheseproblemsoftenworkingwithother
agenciesCommunityproblemsareincreasedbyagingthe
olderthecommunitiesgettheworsetheygetthemoreac
cessibletheybecomethemoretheysustainanimallife
Muchofourworkisattemptingtostimulateactiontobe
takenattherightplaceattherighttimetokeepcommunity
premisesfrombeingahazardtothepublic

4SolidWasteManagementastheBureaustitlesug
gestswearechargedwithsolidwastemanagementWeare
nowinthethirdyearofastatewideplanningsurveysup
portedbythefederalgovernmentWewilldevelopastate
wideplanforcopingwiththemountingliterallymount
ingsolidwasteproblemIn1967Californiaproduced715
milliontonsofsolidwastesTogiveyouanideaofhowbig
thatamountisjustimagineahundredfootswathofwastes
piled30feethighfromtheOregonborderlinetoMexico
Thatshowmuchweproducedin1967andeveryyearit
goesupEveryyeartheaggregateofwastesfurtherover
taxestheexistingfacilitiesThepatternofgrowthofCali
forniaissoextendedsoencompassingthatitismakingdis
posalofwastesahasbeenconceptOurgrowingpopulation
thatpromisestodoublebytheendofthecenturyrelated

tothecostoflandprojectedintothefuturemakesthedis
posingofwastesinthefutureaprettydismaloutlookOur
onlyanswerwouldappeartobethatofregardingwastesas
aresourceandsalvagingandconvertingthemtoutilizable
endproducts

5WaterRelatedVectorsobviouslyincludesmosqui
toesbutassociatedwiththemosquitoproblemisanother
insectwhichhasbecomeincreasinglymoreaconcernpar

ticularlyinsouthernCaliforniaImreferringtomidgesor
gnatsCertainspeciesareindicatororganismsforwaterpol
lutionandwhereverwaterisimpoundedorwastesareturn
edlooseinthemostconvenientstreammidgeswilldevelop
TheresasayingupinMarysvilleflushyourtoiletsoften
SacramentoneedsthewaterWellthisisajokeyetitsa
sadcommentaryontheattitudeofrecklessabandonwhich

hasbecomethecasenotonlyinCaliforniabutthoughout
theworldWenolongercansurvivewithsuchanattitude
Theseproblemscantbesolvedshortofanabsolutereclam
ationattitudetowardwaterAtpresentweimpoundliquid
wastetokeepitfrompollutingastreamorunderground
watersupplyandtherebycreateanorganicallyloadedarti
ficiallakewhichisacomeonformidgestothepointthat
althoughtheydontbitetheyoverwhelmyoubytheirnum
bersOrangeCountyhashadthisexperienceLosAngeles
Countyhashadthisexperienceandavarietyofotherareas
arehavingitinincreasingamountsSowearehavingtodeal
withthiskindofaproblemasapartofthewatervector
controleffort

TheUniversityofCaliforniahasthemajorresearchre
sponsibilityforvectoractivitiesinCaliforniaOurrolein
mosquitocontrolresearchhasbeenlimitedtoimplemetation
oftechnologicaldevelopmentsbutuntilresultscomealong



wecantimplementOtherwisewecontinuetotrytobe
helpfultolocalagenciesirrespectiveofwhatthesituation
maybe

Nowletsmentionsomeofthethingswearedoingwhich
youmaynotbeawareofYouheardHarryESpiresAssis
tantDirectorCaliforniaDepartmentofAgriculturetalka
boutapesticideuseagreementAnnuallyforthreeyears
thisAgreementhasbeenexecutedcosignedasitwereby
youragenciesandtheBureauofVectorControlandSolid

WasteManagementThisisavoluntarybasisofparticipation
forproperpesticideusageendorsedbytheCaliforniaMos
quitoControlAssociationandbytheDepartmentofAgri
cultureItspecifieswhatwhereandhowcertaininsecticides

canbeusedandshouldbeusedandtherebywhyothers
shouldntbeusedItisasafeguardforlocalmosquitocon
trol

Wearealsotryingtobehelpfulincalibratingequipment
toobtainthemosteffectiveswathpatternforgettingre
sultsOneoftheoptionstoeachagencyistooutfititselfto
accomplishthisindependentlyorwecandoitforagreat
numberofagenciesincollaborationwithyourstaffsIthink
theconcensusattitudewasgivensomeyearsagowhenthe
CaliforniaMosquitoControlAssociationrequestedthat
threeadditionalstaffbeprovidedusforthisandotherpur
posesWerestillwaitingforthosethreepeopleThecom
promiseplanthatJimBristowurgedourDirectortosupport
whichheendorsedbutwasturneddownagainbytheDe
partmentofFinancenowfindsusnobetteroffthanbe
foreTheCaliforniaMosquitoControlAssociationalsorec

ommendedthatweobtainfoursourcereductionengineers
toaccomplishtheprogressivereductionofmosquitosources
byengineeringmethodsThisrequesthasalsobeenturned
downAtpresentwehaveonepersonwhomweusehalf
timeforwaterprojectsconsultation

Weinterposemosquitopreventiveconsiderationsupon
allwaterdevelopmentagenciesinCaliforniabetheyfederal
orstateandwehavebeenverysuccessfulincausingthem
toincorporatemosquitopreventivefeaturesthroughthis
consultativeserviceButwhathappenstonewwaterafter
itisdeliveredResponsibilityforthisaspectofwaterre
sourcesdevelopmentinCaliforniahasyettobeaccepted
Thereisnoobligationwhatsoeverupondeliveryagenciesor
usingagenciestoconformtoanystandardswhatsoever
AfteraproblemhappensthenyouremedyitYoudontin
corporatepreventiveplanningtosolvetheneedbeforethe
problemhappensPrettypooreconomyIdsaybutnever
thelessthisisthemodusoperandi

Insupportoflocalprogramswetrytoassistasbestwe
canindevisingrecordkeepingsystemsperformingtechnical
consultationandprogramreviewsifyouwishthemElse
wherewestillaretryingtohelpdevelopmosquitocontrol
inuncontrolledareasWeestimate20000squaremilesof
Californiamuststillcomeintoorganizedmosquitocontrol
withinthenext20yearsifthepublicisgoingtobeprotect

edYoucantforcethisuponthepublicbutmustwaitfor
thepropertimeMeantimetherearesmalldistrictsspring
inguphereandthere

WehaveanumberofjointactivitiesAsubstantialpart
ofourroleandresponsibilityisstimulatingandencouraging
otheragenciestosecureourobjectivesWeworkcollabora
tivelywiththeStateDepartmentsofAgricultureandFish
andGameTheseDepartmentsourDepartmenttheUS
FishandWildlifeServicetheUniversityofCaliforniaand
theCaliforniaMosquitoControlAssociationfunctionto
getherontheMosquitoSuppressionWildlifeManagement
CommitteeThisCommitteeseekstodeveloppoliciesand
technicalconceptsforpreventingmosquitoescompatible
withwildlifemanagementintheconservationareasofthe
stateWeworkwiththeDepartmentofAgricultureinat
temptingtodevelopconceptsofagriculturalplanningto
minimizemosquitoproductionSometimestheresultsare
slowincomingbutneverthelesswearestillbehindthe
scenestrying

WealsoputoutamonthlypublicationCaliforniaVec
torViewsThiscoversthefieldofvectorcontrolWetry
toprovideinformationbothecologicalandtechnological
thatwillhelplocalprogramssolveproblems

LastlytherearethingshappeninginCaliforniathat1as
aprogramadministratoramnotpleasedaboutThereisan
unfortunatetrendtakingplaceinpublichealththesedays
thatofseparatingenvironmentalactivitiesfromotheras
pectsofpublichealthPublichealthhasbeeneminentlysuc
cessfulinreducingcommunicablediseasesrelatedtotheen
vironmentNowtherewardisatrendtoimplanttheseac
tivitiesinprogramsotherthanpublichealthsuchasre
sourcesagenciesPerhapstheoverallplanbehindthescenes
istobringalltheseactivitiestogetherinanenvironmental
agencyWearenowlocatedintheHumanRelationsA

gencywhichsuggeststhattheenvironmentisntholding
upverywellAtthefederallevelwaterpollutioncontrol
activitieshavebeenturnedovertotheDepartmentofthe
InteriorIunderstandeverybodyisdispleasedwiththisAn
effortwasmadetotakeairsanitationawayfromthepublic
healthservicebutwasunsuccessfulWhatwillbetheevent
ualoutcomeWelljusthavetowaitandsee

THESTATEDEPARTMENTOFFISHANDGAME
ITSROLEANDINTERESTINVECTORCONTROL

FrankMKozlik

CaliforniaDepartmentofFishandGame
Sacramento

TheDepartmentofFishandGamehastheresponsibility
forprotectingandconservingthewildliferesourcesofthis
stateForwildlifetoexisttheyneedhabitatorfoodwater
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andcoverWithCalifornaseverincreasinghumanpopula
tionthecompetitionforlandisalsoincreasingandsowe
seewildlifehabitatbeingconvertedtoindustrialsitesur
bandevelopmentsandagricultureWithoutadoubtoneof
ourbiggestjobsistopreservetheremaininghabitat

Mostwildlifehabitatdoesnotproducemanymosquitoes
Uplandtypethatproducesquailchukarpartridgedoves
andbiggamelikedeerseldomcreatesmosquitoproblems
Ontheotherhandwetlandhabitatormarchesandponded
areasprovideshomesforwaterfowlandotherwaterasso
ciatedwildlifebutitcanalsoproducehordesofmosqui
toesItsohappensthatwetlandhabitatisalsoinshortsup
plyandwearetryingcurbesttopreservewhatlittlere
mains

WhyisthiswetlandhabitatsoimportantItisimportant
becauseitprovideswinterhomesformostofthewaterfowl
thatusethePacificFlywayItalsoprovidesfoodandliving
spaceforshorebirdsheronsegretsgrebesgullsandcount
lesssongbirds

Eachfallabout10millionduckscometoCalifornia

Theirexactnumberdependsonthesuccessofthenesting
seasoninCanadaandAlaskaDuringperiodsofhighpro
ductionlike195658asmanyas15millionducksentered
thestateWhendroughtperiodicallyappearsontheCanadi
anprariesandreducesthenestinghabitatproductionfalls
andCaliforniareceivesonlyabout7to8millionducksIn
additiontotheducksaboutonemilliongeesemigrateto

theCaliforniawinteringgroundsMostofthesegeesenestin
theArcticbeyondanydroughtareasandwhilehabitat
conditionsaremorestableproductioncanbeaffectedby
otherfactors

AlthoughCaliforniaisprimarilyawinteringareasome
birdsdoremaininthestatetonestEachsummertheadult

andyoungbirdstotalabout300000ducksand25000
CanadageeseMuchoftheducknestingandalloftheCan
adagoosenestingtakesplaceintheGreatBasinareaofthe
northeasternpartofthestateAnotherimportantnesting
areaistheCentralValleywherelocalmallardsmakeup
mostofthenestingbirds

AllofthewaterfowlcomingtoCaliforniaareseeking
suitablehabitatwhichwillcarrythemthroughthewinter
Ithasbeenestimatedthatatonetimetherewere5million

acresofwetlandsinthestateEarlyaccountsbythefirst
Spanishexplorersaboundindescriptionsofthevastmarsh
areasinthegreatvalleysandtheirattendanthordesof
ducksandgeeseThesemarsheswereformedbytheover

flowoffloodwatersalongtheprincipalriverswhichwas
causedbythefallandwinterstormsbutthencontinuedin

tothesummerbytherunofffrommeltingsnowinthe
mountains

Earlydevelopmentofthelandforirrigationfarming
controlledtheflowofwaterontotheseancestralmarshes

andlaterdriedthemupManthenreclaimedthislandand
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ittoowasdedicatedtoagricultureIn1906aUSDepart
mentofAgriculturelandinventoryshowedthattherewere
3420000acresofwetlandsinthestateAsimilarsurveyin

1922showedthatundertheeconomicpressuresofagricul
tureindustryandurbanizationthesewetlandshaddwin
dledto1179000acresBy1954thewetlandssurveyof
theUSFishandWildlifeServiceshowedthatwetlandshad

beenfurtherreducedto559000acresSincethenaddition

alwetlandshavedissappearedandtherearenowlessthan

onehalfmillionacresremainingOfthisremaininghabitat
about175000acresareinprivatelyownedduckclubs
whilemostofthebalanceisonthestateandfederalwater

fowlareas

Thesestateandfederalareaswereacquiredtopreserve
wetlandsTheUSFishandWildlifeServicehas12national

wildliferefugesinCaliforniathattotalabout200000acres
OurDepartmentmanages8areasthattotalover50000
acresAjointagreementbetweenthetwoagenciesprovides
forthemanagementoftheareaswiththefollowingthree
majorobjectives

1Toprovidesuitablehabitatandlivingspacesothatan
adequatepopulationofwaterfowlwillreturntothenor
thernnestinggroundsingoodbreedingcondition

2Toprovideadequatefoodtokeepwaterfowlfromde
predatingagriculturalcrops

3Toprovidepublichuntingforasmanyhuntersaspos
sible

Thislastobjectivehasbeenexpandedtoincludeother
recreationalusesuchasfishingbirdwatchingandsightsee
ing

Whenwefirstacquiredsomeofourareaswewerenot
tooconcernedaboutthemosquitoesthatwemightproduce
Someoftheareaswereratherremotefromhabitationand

onlyourpersonnellivingontheareawerebotheredbythe
mosquitoesButintimetheurbansprawlmovedoutto
reachourareasanditwasnotlongbeforewewereaccused
ofbeingthesourceofallthediscomfortthatmosquitoes
cancause

Nowaswedevelopourareastomakethemmorepro
ductiveforwildlifewealsomakeprovisionsformosquito
controlFieldsandpondsareconstructedinawaytohave
goodwatercontrolWithproperwatermanagementwecan
helpcontrolmosquitoesandgrowbettercropsofwater
fowlfoodplantsWithgoodwatermanagementwecanalso
helpcontrolthewaterfowldiseaseofbotulism

Manyofourculturalmethodsforgrowingfoodplants
aredependentonwatercontrolThemainthingisthatas
weusewatertoimprovewildlifehabitatwedonotproduce
alargecropofmosquitoesResearchershavefoundthat
manyplantsthataregoodproducersofwildlifefoodsalso
produceveryfewmosquitoesMostoftheseplantsareof
theemergenttypewithnakedstemsandincludethespike



rushesalkalibulrushandalsosomeofthepondweedsOn
theotherhandtherearemanyplantsthatencouragemos
quitoproductionandproducelittleornofoodforwildlife
Thesearesuchplantsascattailswaterhyacinthswater
primroseandthemilfoilsBothmosquitoabatementper
sonnelandwildlifemanagersconsidertheseplantsaspests

TheDepartmentcontinuestoviewwithgreatinterest
theeffortsbeingmadetousefishinthecontrolofmosqui
toesItisencouragingtolearnofthevaluesomeofyou
placeintheroleoffishinyourcontrolprogramsWehope
thatsolutionstosomeoftheresistanceproblemsmayliein
theexpandeduseoftheseanimalsinintegratedprograms
AsyoumayrememberourDepartmentparticipatedinaco
operativeprogramafewyearsagotoidentifyfishofpoten
tialvalueformosquitocontrolpurposesThesefishwere
collectedbymosquitoabatementdistrictsthroughoutthe
state

Oneofourareasishelpingoutintheproductionof
GambusiaThesefishcancontrolmosquitoesbutmany
timestherearenotenoughfishtohandletheproblemThis
isespeciallytrueinthespringwhenfishpopulationshave
beenreducedbywinterkillTohelpcarryfishoverthe
winterwehavemadeavailabletotheSutterYubaMosquito
AbatementDistrictaseriesofpondsatourGrayLodge
WildlifeAreaInthesepondsfishcanbeoverwinteredand
thendistributedinthespringtopotentialmosquitoproduc
tionareasIfadditionaleffortswouldresultinthemoreef

fectiveuseofthistypeofinsectpredatorwewouldbeglad
toworkwithyouinacooperativeeffort

Wealsomakeprovisionsforemergencytreatmentof
mosquitoesonourareaswhereitisevidentthatchemical
treatmentmightbenecessaryEachareabudgetsfundsand
serviceagreementsaremadewithlocalabatementdistricts
Inthismannerwearereadyforimmediateactionshould
treatmentbenecessaryManypeoplethinkthatweareop
posedtochemicaltreatmentHowevertheDepartmentis
veryinterestedinworkingwiththemosquitoabatement
districtsinregardstotheiruseofinsecticidesWerecognize
thatbyencouragingthedistrictstohelpoutinpreserving
marshareasforwildlifeweareinasenseadvocatingtheuse
ofchemicalsratherthansourcereductionWearealsocon

cernedaboutthehazardtofishandwildlifethatcanresult

fromtheuseofinsecticidesItisquiteobvioustherefore
thatwehaveanobligationtoassistyouindevelopingin
secticideusagesthatareeffectiveyetnotharmfultofish
andwildlife

Ourmajorroleinthisregardistoevaluatethesideef
fectsonwildanimlasofnewcontrolchemicalsortech

niquesformosquitocontrolbeforetheybecomeoperation
alInthiswaywehopethatbythetimethecontrolproce
dureshavebeenapprovedforthedistrictsusethechemi
calscanbeappliedasdirectedwithoutunwarrantedside
effectsInfacttheintentistoincorporatearathersizable
safetyfactorintotherecommendationtoallowsomelee
wayinapplicationsbeforeadverseeffectscanoccur

Howeverastheproblemofinsectresistanceincreases
therehasbeenatendencytoseeksolutionstothisproblem
byincreasingapplicationratesofavailableinsecticidesor
throughthedevelopmentofnewmaterialsNewinsecti
cideslikeDursban Rforexamplearehighlytoxictoboth
mosquitoesandfishatlowlevelsIfnewhighlytoxicmate
rialsaretobeusedoriftheapplicationratesofinsecticides
incurrentuseareincreasedthesafetyfactorthatprovides
protectiontofishandwildlifewillbereducedThismeans
thatchancesofunwantedsideeffectsoccurringwillbe
greaterandthatadditionalcareintheselectionanduseof
insecticideswillberequirediflossesofnontargetanimals
aretobeavoidedWebelievethatclosercooperationbe

tweenconservationagenciesandthoseagenciesinvolvedin
mosquitocontrolwillberequiredtopreventtheseprob
lemsfromactuallydeveloping

Tothatendwearebecomingmorefamiliarwiththeop
erationsandproblemsofthedistrictsForexampleour
fisheriespesticidespecialisthadtheopportunitytoobserve
mosquitoconditionsinpasturesthroughouttheCentral
Valleyduringseveraltripsmadeinconnectionwiththepro
poseduseofDursbanformosquitocontrolinpastureland
Welearnedagreatdealabouttheproblemsofthistypeof
operationfromcontactsmadewithabatementdistrictsdur
ingthesetripsWeanticipatethatwemaybeworkingwith
someofyousoonifplansmaterializeforanassessmentof
higherapplicationratesofparathionforthecontrolof
Anophelesmosquitoes

Besidesmanagingourownlandswearealsointerested
inpreservinghabitatonprivatelandsThevalueofprivate
duckclubsinhelpingtopreservethestateslittleremaining
wetlandhabitatcannotbeoverlookedTheirveryexistance
placesahigheconomicvalueonthehabitatandprevents
theirreclamationanddevelopmentforotherpurposesIn
allthereareabout1000clubsandtheycontrolabout300
000acresoflandHowevertheselandsarenotthoroughly
developedsothatonlyabout175000acrescanbeconsid
eredaswetlandsWhilemanyhavedamnedduckclubsas
beingthestrongholdofspecialsportingprivilegestheDe
partmentisinterestedintheamountofhabitatthatthe
clubsarepreservingInfacttheobjectivesthatmanyof
theseclubsareaccomplishingparallelthoseofstateand
federalareasnamelythatofmaintaininghabitatcontrol
lingwaterfowldepredationsonagriculturalcropsandpro
vidinghuntingNaturallyinthecaseofduckclubstheir
mainobjectiveishuntingbuttheotherbenefitstothe
waterfowlresourcearepresentnevertheless

Onewaytocompensateforthelossofhabitatisbyin
creasingthecarryingcapacityoftheremainingwetlands
Manyoftheduckclubsareonlypartiallydevelopedbutby
improvingtheirholdingstheclubswillbeabletocarry
morebirdsTheDepartmentofFishandGametechnicians
andthesoilconservationdistrictsencourageduckclubsto
improvetheirhabitatbyproperwatermanipulationraising

39



aquaticfoodsandcontrollingtheundesirablecattailsand
tulesAswedoonourownlandswetrytohaveclubsuse
managementpracticesthatwillcontrolmosquitoesWeare
wellawarethatmanyduckclubsthroughpoormanage
mentoftheirwatercanbecomeapublicnuisancebyrais
ingmosquitoesHereagainwewouldratherseemosquitoes
controlledbyasafechemicalmeansthantohavehabitat
destroyedbysourcereduction

Aswaterisdistributedtonewareasofthestatebythe
CaliforniaWaterPlanwearehopefulthatwetlandhabitat
willbeimprovedTheplandoeshaveprovisionsfortheben
efitfromdrainwaterWaterthathasbecometooalkaline

forfurtheragriculturalusewillstillgrowwaterfowlfood
plantsSuchwatercanbeaboontoduckclubsthatare

barelyexistingonascantsupplyofhighpricedwellwater
Itwillcreatebetterhabitatandimproveconditionsforthe
waterfowlresourceaswellasotherwaterassociatedwild
life

Itisalsoapparentthatwiththewidedistributionofwa
terthroughoutCaliforniatheproblemsofinsectresistance
andurbansprawlwillcombinetomakethedifficultjobof
mosquitoabatementevenmoredifficultinthefutureHow

everwebelievethatbyworkingtogetherthevariousagen
ciesassociatedwithmosquitocontrolcandevelopprograms
thatwillprovideeffectivemosquitocontrolwithoutharm
ingfishandwildlife

ExpandedscopeinvectorcontrolatthelocalLevelhas
beengivenalotofconsiderationwithintheCaliforniaMos
quitoControlAssociationandtheAmericanMosquitoCon
trolAssociationfortenyearsormoreandaswithmost

mattersofassociationpolicythereisadivergenceofopin
ionCMCApolicyandunanimityofopiniononmattersaf
fectingdistrictperformanceareimportanttousallNever
thelesswedistrictsarebeholdentoourlocaltaxpayersand
sometimeswemustmakepolicydecisionsonmattersthat
theCMCAisundecidedaboutSoforthesakeofourdis
cussionletusmakebelievethatIhavetoconsiderexpan
sionoftheMarinCountyMosquitoAbatementDistricts
scopeandtalkaboutwhatmyproblemsmightbe

Wearefirstofallapublicservicetaxsupportedagency
ConsequentlyanyexpansionbyourDistrictmustbebased
uponeitherademandoraneedofthepeopleofourDis
trictTheinitiativeforexpandingshouldthereforecome
fromthepeople
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EXPANDEDSCOPEINVECTORCONTROLBY

MOSQUITOABATEMENTAGENCIES

AllanDTelford

MarinCountyMADSanRafael

Ourfirstproblemthenisareourpeopleawareofthe
servicesthattheirmosquitoabatementdistrictisauthorized
toprovideforthemandisthedistrictequippedandcom
petenttoprovideaparticularservicemosteffectivelyand
mosteconomicallyShouldthematterofexpandedscope
seemnecessaryitisthenmyobligationtoinformmypeo
pleofourcapabilitiesandgivethemanestimateofanyad
ditionaltaxaservicemightcostthemWiththisinforma
tionthepeopleofmyDistrictcoulddecidewhatkindsof
servicesitwouldbepracticalforthemtoaskfor

WithourcrewcompetenceisnotaproblemOurequip
mentcouldbebroughtuptostandardatminorexpense
foranyjobthatwouldfallwithinourperimeterofrespons
ibility

Asecondanddifficultproblemiswhatkindsofservices
fallwithintheperimeterofourresponsibility1knowthat
throughoutthecountrymosquitoabatementagenciesdo
manydifferentkindsofjobsrangingfromweedcontrolto
vertebratepestcontrolWehereinCaliforniamustfirstcon
siderwhatweareauthorizedtodobyourStateHealthand
SafetyCodeTakenoutofcontextthecodesaysthata
mosquitoabatementdistrictmaytakeallnecessaryorprop
erstepsfortheexterminationofmosquitoesfliesorother
insectsandabateasnuisancesallstagnantpoolsofwater
andotherbreedingplacesformosquitoesfliesorotherin
sects

TechnicallyandofficiallytheMarinDistrictiscommis
sionedtoabateonlymosquitoesandyellowjacketsThe
historyofmosquitobornehumandiseaseinMarinCounty
consistsoftwocasesofencephalitisaboutwhichtheremay
besomequestionoforiginWearesuppressingmosquito
speciesthatincludevectorsbutwhoseindividualsherehave
transmittedlittleornodiseasetohumansYellowjackets
ourotherchiefconcernarenotreallyvectorsNeverthe
lessseveraldeathsandmuchseriousdiscomforthaveoccur

redfromanaphylaxisduetoyellowjacketstingsinourDis
trictTheMarinCountyMADatleastatthistimedeals

withacutenuisanceproblemsnotvectorproblems

NowthatyouknowwhatwedoinMarinletmegetback
totheHealth SafetyCodeandamoregeneralizeddiscus
sionofscopeItisreasonabletoassumethatthecodewas
composedprimarilyformosquitoesfliesandotherinsects
whicharevectorsormayinotherwaysdirectlyaffectour
physicalcomfortNeverthelessitdoessuggestawiderrange
oftargetsanonspecificcategorycalledotherinsects
Thecodealsoallowsusaverywidelatitudeforcontrol
actionthatgoesbeyondrecommendationsadviceandlaw
enforcement

IlookatourpositionthiswayTheMarinCountyMAD
isspecificallyinstructedbytheStateHealth SafetyCode
isbestequippedandmostcompetenttoabatewhatever
kindsofinsectsthecitizensofitsDistrictdeemnotonly

vectorsbutpublicnuisancesinanyrespectTothebestof
myknowledgeourDistrictistheonlypublicagencyinthe



Countythatisproperlyauthorizedandequippedtogoout
intothefieldandtakeallnecessarystepstoexterminatein
sectpestsOurservicesthereforeshouldbegivenserious
considerationbythepeopleandtheirlegislatorsforusea
gainstanykindofinsectthatisapublicnuisanceorades
troyerofpropertyInadditionIwouldwishtobroaden
thescopeofthecodetoincludetheabatementofallarthro
podpestsnotjustinsectsTherebytheabatementofspi
dersmitesticksscorpionsandothersuchundesirablean
imalsmightalsobeofficiallysanctioned

TorecapitulateIbelievethattheMarinMADsrespons
ibilityshouldgobeyondvectorcontrolHoweverIalsobe
lievethatitshouldberestrictedtoarthropodsgenerallya
greedupontobepublicnuisancesorbothersometoman
hisanimalsandotherbelongingsThatisprincipallyinan
urbanordomesticsenseasdistinctfromthecommercial

plantindustriesThisresponsibilitymightincludesuch
thingsashouseholdpestspestsofstoredproductspests
affectinginstitutionsandgovernmentoffices perhaps
routinetreatmentofpubliclyownedplantslikestreettrees
orshadetreesOurDistrictwithoutadoubtcouldtakeon
otherpestabatementproblemsanddoanexcellentjob
HoweverIdonotbelieveweareinapositiontodealwith
pestsotherthanarthropodswithoutspecialcontractualcon
siderations

OfcoursewithcommittmentsofthenaturethatIhave

describedthereimmediatelywouldloomamountainof

policyproblemsWouldtheseservicesimpingeseverely
uponprivateenterpriseandiftheywouldcouldtheybe
justifiedinanycaseonthebasisofpublicdemandeconomy
andgreaterreliabilityofresultsWouldanyserviceswithin
thedistrictsperimeterofresponsibilitybeduplicatedor
preemptedbyotherpublicagenciesCouldanotheragency
doabetterjobandsoon

TheMarinCountyMADhashadexcellentrapportwith
otherlocalagenciestheCMCAprivatepestcontrolopera
torsandthepublicWeintendtomaintainourgoodstand
ingWearewellawareoftheneedforinteragencycooper
ationandunderstandingespeciallywithrespecttoexpan
sionofscope

Someotherdistrictshavemademuchbetterheadway
withsomeoftheproblemsofexpandedscopeandimprove
mentthanwehaveWeneedresearchinformationtohelp
ussolveourlocalizedproblemsItdoesntlookliketheUn
iversityortheBureauofVectorControloranyoneelseis
goingtobeabletoworkontheregionalproblemsofone
ortwodistrictsIhopethatwemaybroadenourscopeto
includelimitedmuchneededresearchinourownback

yardFirstthisisamatterforourDistrictspeopletothink
aboutanddecideuponIftheywouldwantdistrictresearch
onnarrowlyregionalproblemsthenotherlocalagencyor
neighboringagencycooperativeprojectsmightbeconsid
eredAsweallknowthereareseveralotheravenuestotry
towardthesatisfactionofaresearchneedmeanstoraise

moneythatisBrieflystatedIwouldencouragedistrict
interestanddistrictparticipationinlocalizedresearchpro
jectstosolvelocalizedpestproblems

IshallmentiononekindofresearchbecauseIthinkitis

veryimportanttousinMarinThatisourroleinthepol
lutionofourenvironmentandourpossibledisruptionof
establishedandperhapsimportantecologicalsystemsOur
controleffortscoverlargeareasofrelativelywildandna
turalterrainOurlackofinformationinthisregardworries
me

IntheMarinDistrictoverthepastfewyearswehave
doneaslittlebuckpassingaspossiblewithservicerequests
forgeneralinformationandadviceorevenwithcrankcom
plaints1thinkthescopeofouractivityasapestadvisory
andperhapsapestidentificationcentercanbeimproved

WhatIhavesaidherethisafternooniskindofadistrict

orientedviewofsuchthingsasexpandedscopesandvector
dangersIhavebeengeneralincoverageandprovincialin
attitudeThisisbecauseImustbeinterestedinhowthese

ideaswillworkoutinmyDistrictfirstbeforeIcanrelax
withtheirglobalorcelestialimplications

SUGGESTEDFUTUREFINANCING

OFMOSQUITORESEARCH

ArthurLCavanaugh

CoachellaValleyMosquitoAbatementDistrictThermal

Californiamosquitocontrolisslowlyslippingintoacrisis
throughinsufficientresearchUnlessmoremoneyismade
availableforexpandedresearchonnewmaterialsmethods
andapplicationmosquitocontrolinCaliforniawillexperi
encerealdifficultiesintheverynearfuture

SpeakingfromtheexperienceofourDistrictinresearch
grantsinaidtotheUniversitymayofferthequickestwayto
alleviatetheproblemalongwithanextensiveeducational
programwiththelegislatorsinSacramento

Thisprogramcouldorshouldbesetupthroughthe
CMCAalthoughIamtoldthatasthecontractingagentfor
thedistrictswiththeUniversityofCaliforniathebylawsof
theAssociationwouldhavetobechanged

AlthoughthismayseemcomplicatedIbelievethisisthe
waytogoTheAssociationnowhasaresearchcommittee
whocouldaskthedistrictstosendtheirproblemstothem
tothenbescreenedintheideaofobtainingthemostimpor
tantareasofresearch

Ifthedistrictswillputupapproximately100000as
matchingfundswiththeStateofCaliforniaIbelieveitwill
bemucheasiertoobtainmoney

OurDistrictgavetheUniversityofCaliforniaRiverside
40000plusmenequipmentandvehiclesthispastyear
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Itdoesnotappearatthepresenttimethattherewillbe
anymoneygrantedonnewitemsinsertedintothebudget
thisyearThiswillgivethedistrictsayeartoworkinthe
developmentofaresearchplan

Somefifteenyearsagethecontrolofeyegnatsinour
DistrictwasstrictlychemicalOurboardapproachedthe
UniversityofCaliforniaRiversidewithagrantinaidto
startaprojectonthecontrolofHippelateseyegnatsThey
workedthesemanyyearsIdontbelievetheyeverbecame
disillusionedastothefinaloutcomeforcontrol1cantruly

saythattheDistricthadtroubleexplainingwhatwasbeing
doneTodayDrMullacansaytheyhavemadeabreak
throughandfullcontroloftheeyegnatsisabouttwo
yearsawayNotonlytheDistrictbutthepeopleofthe
valleythathavebeenpayingtaxesallthroughtheyears
feelthatthemoneyforthisresearchisthebestmoneythey
haveeverspentInthelcngrunitwillbeasavingsofmil
lionsofdollarsinpropertyvaluesandwillassurecontinuing
progressinthevalley

Ithinkthatitwouldbwelltobringupatthistimethat
eachresearchspecialistlikeDrMullaandotherslikehim
cost50000peryearThisdoesnotincludebuildingsand
equipmentjuststaffandsupplies

AttheUniversitytherearecompletelibrarieschemistry
laboratoriesandothersorthestaffthattheinvestigatorcan
conferwithNodistrictregardlessofitssizeormoneycan
doacomparablejobinresearchcomparedtotheUniversity
Oneofthethings1believeyoumenshouldthinkofisthis
Younowhaveagoodstartinthestaffofmosquitoresearch
inthestateIfforsomereasonfinancingisnotforthcoming
andthesementransfertootherprojectsorleavetheUniver
sityandtheresearchprojectsareinterruptedordiscontinu
editwilltakemanyyearsandmoremoneyinthelongrun
toreestablishtheresearchfacilitiesthatyounowhavea
vailable

Ibegofyoutoconsiderthefinancingofmosquitore
searchwithgrantsinaidtotheUniversityCompareitto
thedisasterwhichwillsurelycome
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VECTORCONTROLACTIVITIES

INTHEPACIFICNORTHWEST

GeorgeERunyan

ColumbiaCountyVectorControlDistrict
StHelensOregon

Beforegoingintoanydiscussionofvectorcontrolactivi
tiesareviewofthe1968recordofvectorborneinfections

inthePacificNorthwestmightbeinorder

1Therewerethreeincidencesoftickbornerelapsing
fevertotalingtencasesincludingonefatalityineastcentral
OregonThevectorinthesecasesisthoughttobeaspecies
ofOrnithodorostick

2WesternequineencephalitisinOregonroseradically
lastyearintheequinepopulationForcomparisoninthe
period1960through1967therewere191casesinthe
stateofwhich42casesoccurredinJacksonandJosephine
countiesIn1968therewere65diagnosedcasesinthe
stateofwhichmorethan40camefromJacksonand

JosephinecountiesNohumancaseswerereportedlastyear
CulextarsalisistheestablishedvectorinOregon

3Idahohasreportedonecaseofhumanbubonicplague
in1968ThiswasfromthecommunityofSalmonineast

ernIdahoThevictimahuntingguidehadarecordofre
centlyskinningoutasnowshoerabbitpriortohisonsetand
itisfeltthatthisisanotheroftheincreasingnumberofin
fectionsstemmingfromsylvaticsourcesTheactualpoint
ofinfectionwasapparentlytheranchwhichisused
asabaseforhuntingtripsandisabout50milessouthwest
fromthecommunityofSalmonasthecrowflies

4InOregonwildrodentscheckedforthepresenceof
PasteurellapestisyieldednegativeresultsNotthatthestate
isplaguefreebyanymannerofmeansItprobablywould
besafertosaythatthesylvaticinfectionhadpossiblygone
intoadeclineforthetimebeingorthatthetrappersjust
didnotcatchanyinfectedspecimens

5RabiesinOregoncontinuestobeaworrisomeprob
lemsincethereservoirbatsissowellestablishedalthough
nohumancaseswerereportedthispastyear

InthematterofvectorcontrolactivitiesinthePacific

Northwestthereisanincreasingdemandforcontrolof
mosquitoesandotherpeststhroughouttheareagenerally
ResidentsofwhatcanbetermedtheLastFrontierhave

cometotherealizationthatitisnotnecessarytotolerate
thesepestsandthatcontroloreliminationproducesnot
onlyanincreasedsenseofcomfortandwellbeingbutcer
taineconomicimprovementsaswellGoingbacktothein
creasingdemandforamomentthisseemsinalargemeas
uretostemfromthevariousnewcomerswhohavelivedin

otherareasofthecountrywherevectorcontrolhaslong
beenestablishedandwhohavefeltthatvectorcontrolisa

naturalfunctionoflocalgovernmentTheircontinuedcrit
icismsandcomparisonseventuallyhaveaneffectonthe
nativeswhofinallybegintowonderabouttheadvantages
ofthistypeofprogram

InOregonbecauseofthisdemandtherearenowseven
vectorcontroldistrictstwoofwhichcameintobeingin
1968Additionallysixcountiesfinancevectorcontrolact
ivitiesthroughtheirrespectivehealthdepartmentsItshould
benotedthatthestatutegoverningvectorcontrolspecifies
thatmosquitoesandfliesarepublichealthvectorsItshould
alsobementionedthattheOregonstatutemakesformation



ofadistrictrelativelysimplewhenpushedbyagroupofde
terminedcitizens

InWashingtonandIdahothestatutesofthesetwostates
donotmaketheformationofadistrictsoeasyasinOregon
Washingtonlawforexamplepermitstheformationofmos
quitocontroldistrictsinonlysevenofthestatesthirty
ninecountiesAllofthesevenarelocatedinsoutheastern

WashingtonInBritishColumbiaorganizedmosquitocon
trolispracticallynonexistentInthemainwhatmosquito
controlisaccomplishedisthroughthehiringofcommercial
pesticideapplicatorsbycommunitiesorneighborhoodsto
dosomeadulticidingduringtheactiveseason

IntheintroductionanduseofGambusiaaffinisthere
hasinthepastbeenalotofoppositionbythefishandgame
officialsThisoppositionisbeginningtolessenanditis
hopedtohaveiteliminatedsoonInOregonforthepast
fouryearsGambusiahavebeenspreadwidelyandlegally
althoughpermitsfromtheFishandGameCommissionare
stillrequiredtomovethemIn1968theIdahoDepartment
ofHealthintroducedthemintoaholdingpondforobserva
tionbytheIdahoFishandGameCommissionInWashing
tonin1968theFishandGameCommissionofthatstate

permittedtheirintroductionbytheWashingtonDepartment
ofPublicHealthintocertainselectedareasofthatstateIn

thisintroductiontheOregonStateBoardofHealthandthe
ColumbiaCountyVectorControlDistrictofStHelens
Oregonactedasthesuppliers

MOSQUITOCONTROLBYAIRCRAFT
INMERCEDCOUNTY

DouglasCWhite

MercedCountyMosquitoAbatementDistrictMerced

TheuseofaircraftbeganinMercedCountyin1946
followingtheestablishmentoftheDistrictonacounty
widebasiscoveringanareaof1995squaremilesItsoonbe
cameevidentthatanoperationofthissizewouldrequire
theuseofaircrafttoaugmentthegroundsprayprogram
Consequentlyin1946theDistrictcontractedforitsfirst
sprayplaneThisplanetreatedapproximately8000acres
duringthe1946seasonThefollowingyeartheDistrictpur
chaseditsfirstairplanea75hpAeroncaChampionequip
pedwitha35gallonspraytankIn194786000acreswere
treatedbytheDistrictownedairplaneandtherentedplane

FromthisearlybeginningtheMercedDistricthasutilized
aircraftasitsprimarycontroltoolaccountingfor95of
thesprayworkInkeepingwiththispolicytheDistrictpur
chasedaBellG5helicopterearlyin1966Themotivation
behindthismoveisbasicthatinordertokeeppacewith
theincreasedlanduseandtheassociatedincreaseinmos

quitoproblemsmodernequipmentandmethodsmustbe
employedTobrieflyillustratethisgrowththeDistrict
treated86000acresin1947162000acresin1959and
267000in1968

SincetheintroductionofthehelicopterintoMerceds
programwehavereceivednumerousrequestsfrommos
quitoabatementdistrictsandothergovernmentalagencies
forcostofoperationdataThereforeIwouldliketocom
mentonhelicopterversusfixedwingcostsasexperienced
byourDistrictoverthepasttwoyearsTable1showsa
comparisonofthesecosts

Table1ComparisonofCostsofFixedWingaircraftand
helicopterintheMercedCountyMAD19671968

FixedWing

1967

1968

Helicopter

1967

1968

Total

Acreage
Average

CostA AcresHr

167219 0288 154

184168 0262 181

99069 0294 234

84872 0333 236

Theseareoperationalcostsanddonotincludethein
secticidecostsAllthehelicopterworkwasdoneatanap
plicationrateofgallontotheacrewitha100footswath
AlimitedamountofULVwasperformedbyoneofour
fixedwingaircraftHourlycostswerecalculatedat6700
forthehelicopterand4500forfixedwing

Commentingontheareaofsurveillanceandinspection
byhelicopterinthespringof1967weinitiatedanannual
larvalsurveyofa250squaremilearealocatedintheeast
ernportionofMercedCountyThisisanareaadjacentto
thefoothillsofMariposaCountyrunningnorthandsouth
thelengthofMercedCountywithawidthofabout810
milesSeasonalrainsleavethisareapockmarkedwithrain
poolsandrepresentsasizablepotentialforCulextarsalis
production

ThefirstsurveywasinitiatedinthelastweekinMayof
1967Wewereabletovisuallyinspectandrandomsample
the250squaremileareain3hoursand5minutesThisin
cludestraveltimefromtheMercedHeadquarterstothe
fieldandtimeforonerefuelingWeaveraged23minutes
perstoptoinspectandcollectlarvae

ThesecondsurveywasstartedlateinMarchof1968and
reflectsthedrierconditionpresentatthattimeAgainwe
inspectedandcollectedlarvaeonarandombasisthrough
outtheentireareain3hoursand40minuteswitha23
minuteaveragestoptime

Alsointhespringof1967wetestedacloverleafpat
ternforhelicopterinspectionflightsthatwasdevisedby
ThomasMulhernTheplanprovedtobeaworkablemethod
torapidlysurveylargeareas
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Inspectionbyhelicopterasapartofourregularpro
gramhasbeenonalimitedscaleWetrytohaveallground
operatorsmakeanoccasionalaerialsurveyoftheirzones
Usuallytheoperatormakesavisualcheckofhisareanoting
anysourcesthathehasriotseenfromthegroundInsome
casestimepermittinghewilllandandmakeanactualin
spection

WehopetoestablishahelicopterzoneThiswillbean
areawhichwillbeinspectedandcontrolledentirelybythe
helicopter

AERIALSPRAYAPPLIrCATIONSOFLOWVOLATILITY

ANDFINEATOMIZATIONFORMOSQUITOCONTROL

NBAkessonWEBurgoyneWEYatesandKhairyAref

AgriculturalEngineeringDepartment
UniversityofCaliforniaDavis

Aseriesoftestrunsmadeoverthepastthreeyearsusing
fixedandrotarywingaircraftindicatesthatwhenchemicals
havinghightoxicitytomosquitoeslarvaeandadultsare
availableitispossibletoapplyvolumesofafewouncesper
acreincoverageofaslittleas50dropspersquarefootand
stillobtainareasonablecontrolThechemicalmustbeef

fectiveatlowdosagerateseitherinwaterforlarvalcontrol
orinairasafumigantanddepositedonfoliageforcontact
controlWehaveshownthroughseveralyearsworkthatair
transportofsmallaerosolsizesprayparticleslessthan50
micronsdoesoccurfromanysprayapplicationAkesson
andYates1964andthatthemovementisafunctionof
alocalweatherparticularlywithlowvelocityandatem
peraturegradientofhighlystableinversiontypebpar
ticleorspraydropletsineandctheformulationofthe
sprayortherelativeamountofnonorlowvolatileportion
inthespraymixThesethreefactorshavebeeninvestigated
singlyandcollectivelytodeterminewhattypeandamount
ofdownwindtransportwouldresultHoweveranotherfac
torwasintroducedwhichhasbeenusedbyothersinthepast
forlargeareaorblanketdriftsprayingnamelyhighalti
tude200to2000ftreleaseThewindvelocitiesmeasured
inaverticalmannergenerallyshowanincreasingpatternor
gradientaswemoveuswardfromthegroundcoverin
fluenceItisalsofoundthatstratifiedlayersofairmaybe
movingatdifferentvelocitiesandevenat180degreedif
ferentdirectionThisalonemakespredictionofultimate
depositofsprayreleasedfromhighaltitudesdifficultbut
theattractivenessoflargeareacoveragemadeitofinterest
toustoproceedwithsometestruns

44

Weapproachedtheproblemoflargeareatreatmentfor
mosquitocontrolinCaliforniasinteriorvalleysontwo
premisesforsafeusage1thatrelativelylowmammalian
toxicitymaterialswouldbeusedand2thatapplication
rateswouldbesignificantlylowerthanusualagriculturalin
sectcontrolandsolowthatenvironmentresidueswouldnot

besignificantTwomaterialswereusedthroughoutmostof
ourtestsfenthionBaytex andDursban theseareboth

lowtoxicityorganophosphorusmaterialsBothfixedand

rotarywingaircraftwereusedandingeneralnocomparative
testingwasdonebuttechnicalvolumerateswereapplied
varyingfrom05ounceto12ouncesperacreatwhich
levelscontaminationofforagesoilsandrunoffwater
wouldhopefullynotoccurNotallapplicationswereat
thetechnicallevelsomeplotsbeingtreatedwithdilutions
usingdieseloilandinsomecasesotherlowevaporative
materialsforspecificstudies

Figures1through4illustratethevariousaircraftand
systemsusedFigure1showstheTurbaeroelectricmotor
drivenmultipledisctypespinnerFourofthesewereused
ontheBellHelicoptershownandalsowereusedonaPiper
PawneeAsmalldiametertrailingedgeboomandan8noz
zletechnicalvolumesystemwasalsofittedtoaPiperPaw
neeaircraftFigure2showstheelectricdrivegearpumpand
a5gallonstainlesssteeltankfortechnicalvolumework
mountedinthePawneeaircraftjustforwardofthefirewall
Figure3isofabellypodandshortboommountingina
PiperAztectwinengineairplaneTheforwardportionof
thebellypodhasaninteriorfittedspraychemicaltankand
theafterportionhasanelectricmotorandgearpumpas
semblyasinthePawneeTheshortboomcanbeseenunder
thebellypodandwasalsofittedtothetailfornaledDib
romsprayingFigure4showsthetailboommountedfor
corrosivespraysonthePawneeHeretheliquidwascarried
fromthepumpmountedforwardofthefirewallbackto
thetailassemblyElevennozzleswereplacedonthisboom
ascanbeseen

Thenozzlesusedonallofouraircrafttestsweredirect

edeither45or90degreesdownwardtotheslipstreamPres
surevariedfromaround30to60poundspersquareinch
psiFortypsiwiththe80degreefannozzlesSpraying
Systems8001to8002andDelavanFS4giveavolume
mediandiametervmdofaround200micronswhenpetro
chemicalmaterialsaresprayedwithnowaterSmallernoz
zlesizestothe80005or800067fantypesreducesdrop
sizetoabout125micronsvmdwiththenozzledirected45

degreestotheslipstreamTheorificeandswirlplatecone
nozzlesusedwereD323a364inchplateorificeplusa23
swirlplateOperatedat40psiandat90degreestotheslip
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streamthesegaveanestimated80to100micronsvmd
CertainpreliminarytestswererunwithD4and6orifices
with45sizeswirlplatesand250micronsvmdwouldbe
expectedfromthese

Severalspinningscreendiscandplatedeviceswereex
aminedandtestsononeofthesetheMinispinindicateda
vmdofabout130micronswasachievablewhenthespin
nerwasoperatedat800Crevolutionsperminuterpmina
100mphairstreamSincethisairvelocitywasnotavailable
onthehelicoptermaximumspeedaround60mphwehad
toexaminevariouselectricallydrivenspinnersanddecided
ontheTurbaeroasmadebyEdwardBalsManufacturingCo
BromyardEnglandFigure1Duringthe1967teststhis
devicewasfieldcheckedandadropsizerangeofapproxi
mately70micronsvmdwasfound

FormulationsAsindigatedearliertwomaterialsBaytex
andDursbanwereusedisbasictestchemicalsThesewere

appliedintechnicalvolumeabout40to70activeingre
dientaiconcentrationorweredilutedfurtherwithdiesel
oilandothermaterialsforcertaintestsTheColusatests

AugustSeptember1968usedDibrom1485aimaterial
at14poundspergallon

SwathPatterns Initiallyaseriesofswathpattern
studieswasmadeontheaircraftweintendedtouseforthe

testseriesTheseincludedtheHughesandBellhelicopters
andthePawneeandStearmanfixedwingplanesFigures5
through8showthepatternsthatcanbeexpectedfromthe
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Figure5SpraypatternfromBellAG4helicopterwith50footboomand80015fantypenozzles

aircraftandwiththetypeofatomizationusedUnlike
coarsesprayoverabout250micronsvmdthefinemore
easilyairborneparticlesrespondtotheairwakeofthemov
ingaircraftandaredisplacedinawidepatternlargelyun
relatedtotheboomlengthorwingorrotorspanAkesson
andYates1964

Figure5isofaspraypatternfromaBellAG4helicopter
witha50footboomandusing80015fantypenozzlesop
eratingat58psiThesprayliquidwasdyedwaterandthe
boomheightwasabout10feetabovethegroundThespray
particlesizewasabout200micronsvmdandthepattern
isquitedistortedfromboththerotorwashandaslightwind
lessthan1mphfromthesideA90to100footswath
wouldappearpossibleata003gallonperacregpaora
bout4flozacrerate

Figure6isasimilarhelicopterwith2Turbaerospinners
37feetapartandshowsthatwiththeconsiderablyfiner
dieseloilsprayabout70micronsvmdtheuseableswath
widthhasincreasedtoabout200feetwiththe003gpaap
plicationrate

Figure7isofaPiperPawneeaircraftusingFS4fannoz
zlesatabout30psivmdabout200micronsairspeedof
90mphandusingasummersprayoilChevronChemical
CoHStock

Theserunsmadeoverbaregroundandsampledfrom
spraycaughton3x6inchplasticplateswhencompared
withatechniqueusingbioassayanalysisofmosquitolarvae



showamongotherthingsawiderswathforthebioassay
techniquereflectinginparttheaccumulativeeffectofsev
eraloverlappingswathsThebioassayisdonebyplacingwa
terfilledcupsacrosstheaircraftswathandexposingthese
tothesprayThesprayedcupsarethentakentothelabora
torywherelarvaeareplacedinthemThelevelofactive
chemicalcanbedeterminedbytherateatwhichthelarvae

arekilledGilliesetal1968Figure8showsasinglepass
dottedgraphandtheresultssolidlinesofspraying3
swathsat250footspacingTheBellhelicopterwithTur
baerospinnersgavearemarkablyuniformkillinthecups
overtheintervalshownSimilarrunswiththePawneeair

craftindicatedauseableswathofabout175feetbutno
clearcutpatterncouldbeestablishedonasingleswathfor
thefixedwingplaneWomeldorfandGillies1968On
thisbasisoflarvalkilltheswathfromthehelicopterwith
spinningatomizerswassetat250feetandofthePawneeat
150feetItisobviousthatwiththefinesprayconsiderable
movementwilltakeplaceandtheactualswathwidthbe
comessomewhatacademicThetotalapplicationperplot
areaplusrecoveryofchemicalorbioassaythenbecomes
muchmoresignificant

WeatherFactorsItbecomesveryevidentthatthecon
trolofmosquitolarvaeorlackofitwillbedependent
uponfactorsotherthanaclearlydefinableswathwidthas
longasfinelyatomizedmaterialshighlytoxicinminute
dosagesareusedAsresistancedevelopsashasbeenthecase
withsuchmaterialsasDDTandmalathionthenthedosage
becomesmorecriticalanduseableswathpatternsbecome
moreidentifiable

Probablythegreatestunknownfactorintechnicalvol
umeapplicationsisthemicroweatherClearlyestablished
relationshipscanbeshownbetweenthedriftlossesfrom
applicationsofnormalcoarsesprayofemulsifiablematerials
andthelessevaporativebutfinelyatomizedtechnical
spraysandtheeffectofdifferentweatherpatternsoneach
oftheseYatesAkessonandCoutts1967Withagricul
turalspraysweareprimarilyconcernedwithkeepingas
highapercentofthesprayaspossibleinaspecificnarrow
swathbutwearealsoconcernedwithdissipatingthesmall
percentofveryfineparticlesasquicklyaspossiblebydi
lutingtheminthedownwindenvironmentToinsuresuc
cessfultechnicalvolumeapplicationsweneedfinespray
particlesforwideswathsbutwedonotwanthighwindsor
temperaturelapseturbulentweatherconditionstomove
thefinesprayawayInthesecircumstancestemperaturein
versionconditionsandlowwindsunder5mpharemost
desirableforretainingthesprayintheapplicationareaAs
longasdosagesarelowoftheorderof01lbsacreor110
to120ofagriculturalratesthelevelsofresiduesevenon

directlysprayedcropsandpasturesremainsintheorderof
1to2ppmpartspermillionwithin6hoursafterspraying
andanaverageoflessthan01ppm17daysafterspraying
MyersLewallenandNobe1968Residuesonrice
0025lbsacreafterapplicationsofDursbanandongrass
005lbsacreshowedfrom032to064ppmand15toa
highof80ppmat0daysaftersprayingWithin6daysall
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Figure6SwathpatternofBellAG5helicopterwithtwo
Turbaerospinners

GALA

020

015

010

005

001

LOWVOLUMESPRAYPATTERNS

PAWNEE235N7628ZJULY66

NOFLAPS 12FLAP
Wind

2mph

MIX28gmFLUOROL7GA

30golHstock
NOZZLES9eoDELAVANFS
ALTITUDE8ftAIRSPEED90mph
SWATHIOOft

RATE8f1ozAI2flap30psi
5f1ozAnoflap

30 20 10 C 10 20 30 40 50

FEET

Figure7SpraypatternofPiperPawneewithFS4fan
nozzles

levelshadfallenbelow02ppmforthe005lbacretreat
mentsandaround007ppmforthericetreatedwith0025
lbsacreNoresidueswerefoundabovethedetectionlevel
00005ppminanytailwaterandintreatedwaternolevels
above00031ppmwerefoundevenat01lbacreapplica
tionWinterlinMailanenandBurgoyne1968However
Dursbancanbelethaltofishsuchasbluegillsatverylow
dosages10ppbandtestsrunoncagedfishduringthe
trialrunsatColusashowedthatthe0025lbacreratemay
beclosetothetolerancelevelofthefishpopulationLinn
1968

FieldTestRunsFollowingtheinitialswathtestssmall
fieldtestplotswereputonin1965and1966toestablish
theoperatingparametersandtechniquesincludingswath
widthsandweatherfactorsIn1967alargescaleprogram
wasdesignedtoprotectthetownofColusabysprayingof
severalthousandacresofcommercialriceintheareainco

operationwiththeColusaMADandseveralgovernmental
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Figure8SwathpatternsofBellAG5withTurbaerospinnerscomparingsingleandtripleswaths

agenciesUnfortunatelyneitherDursbannorBaytexwas
permittedatthattimeonthecommercialricesothetests
wereconfinedto2wildliferefugeareastheDelevanrefuge
of650acresDursbanandtheColusarefugeof550acres
Dursbanplustwopasturesof660and1750acresBay
texaswellasahuntingclubof3750acresand100acre
fieldofseedriceBaytexI

During1968trialsofauniquenaturewereconductedat
BakersfieldneartheKernWildLifeRefugeManycoopera
torswereinvolvedincludingtheKernMADStateBureau
ofVectorControlandtheDiseaseVectorControlCenter

oftheUSNavalAirStationaswellasseveralchemical

companiesandseveraldepartmentsoftheUniversityof
CaliforniaFortheserumanattemptwasmadetoevaluate
theeffectsofhighlevelfights1000and2000feetonthe
downwinddriftandfalloutoffinelyatomizedDursban
sprayThebioassaytechniquewasusedaswellaslivemos
quitoesincagesAluminumplateswerelaidoutforgas
liquidchromatography1catFresnoandMylarplastic
sheetsforglcatDavisDropsizeandnumbersweretaken
onKromekotepaperandmagnesiumoxideslidesaswell
asonglassslidesAkessonandBurgoyne1967Airsamples
weretakenwithcascadeimpactorstoevaluatetheaircar
riedportionoftheinsecticideApplicationwaswithaKern
MADaircraftaPiperPawneePA25withanelectric
motordrivensystemFigure1Nozzleswerefantype
8002andinitialdropsizewasprobablyoftheorderof
200micronsvmd
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Threetestrunsweremadetwoflownat1000ftand
oneat2000ftThedatashowninFigure9altitude2000
ftindicatethatfrom4000to14000ftdownwindfrom
thespraypaththereweresignificantlevelsofDursbanfall
outThefourgraphsshownindicatedifficultiesincompar
isonofdataonresidueswhendifferentanalysestechniques
areusedTheheavyblacklineisglcdataobtainedat
DavisandthedotdashlineissimilardataobtainedatFres

noFrompreviousexperiencewehavecometoexpectthat
thebioassaytechniqueupperdashedgraphreadsconsid
erablyhigherthandirectresiduesanalysisThedifferences
betweenthetwoglcgraphsarelargelyhappenstanceasit
canbeseenthatthepeaksofonecurveexceptat14000
fthappentobetheonlysamplepointsfortheotherThe
adultpercentmortalitycurveshownastheheavydashed
linefollowstheFresnoglcdataquitewellandisnot
averagingmorethanabout30controlHoweverthisis
overaverylargeswathareaofnearlytwomilesandisre
markableforeventheratherlowresultwhichappearsto
havebeenatleastpartiallyaccomplishedbyfumigation
actionofverysmallparticlesintheair

Weatherconditionswerenearanormallapserateneither
turbulentnorstableandwindspeedwasfrom69mphat
the8footlevelFigure10showsthedropdiametersand
numberspersquareinchcollectedonkromekotepaperand
magnesiumoxidecoatedslidesandcountedbytwodiffer
entobserversThereisnoapparentreasonableanswerfor
thedifferenceindropsizedataheavysolidlineattopand
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lightdashedlinesecondfromtopexceptforpossiblecali
brationdifferencesAswouldbeexpectedthedropsizebe
camesignificantlysmallerasthedistancedownwindincreas
edbutevenat14000feetdropsinthe100to200micron
sizeweredominantwhilenothingsmallerthan50microns
appearstohavefallenoutThebottomdashedlineindicates

dropsizeobtainedfromthecascadeimpactorsairsam
plersandindicatesthatveryfineparticlesof1030microns
werebeingcarriedintheairBecausethesearenonevapor
ativeitisexpectedthattheysettleouteventuallyanddo
notmoveintotheupperatmosphereHoweverparticlesof
lessthan10micronsvmdwillbeextremelydependent
uponnonturbulentairforsettlingTheheavylowermost
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Figure9Depositionsobtainedbygasliquidchromatographyandbioassayhighaltitudewindcarriedlowvolume spray
testsBakersfield

graphandthejaggeddashedsolidgrapharefornumbersof
dropscollectedAgainconsiderabledifferenceswerefound
betweenobserversbutthenumbersweresufficient110
dropspersquareinchtogivereasonablecoverageofthe
flatsurfacearea

Thesetestsindicatedthefeasibilityofusingalowevapor
ativematerialwithfineatomizationforwhatcanbecalled

driftsprayingoflargeareasThistechniquewasfurther
exploredinsometestrunsatColusaCaliforniausing
Dibrom14whichiseffectiveprimarilyasanadulticide
Figure11showstheresultsindropnumbersandsizerange
obtainedfromatestflightusingD323conenozzlesvmd
approx100micronsonatailboomfittedtoaPawneeAir
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Figure10Dropletsizeandconcentrationobtainedbytwomethodshighaltitudewindcarriedlowvolume spraytests
Bakersfield
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Figure11Dropetsizeandconcentrationhighaltitudewindcarriedlowvolume spraytestsColusa

craftFigure3Theplanewasflownat250feetaltitude
inalightandvariablewindandwithtemperatureinversion
conditionsThefalloutordistributionofsprayparticleswas
veryeffectiveeventhoughfinerthanpreviousrunsand
gaveagoodpatternoutto2500feetThefinerspraypro
ducedbytheconenozzlesappearedtogivesatisfactorycov
eragealthoughwellbelowthenumberofdropspersquare
inchobtainedatBakersfield

OnSeptember10thesameaircraftandnozzlesystem
wasusedinathreealtitudetestruntotrytodriftspray
acrossthetownofColusainsuccessivewavesOnepasswas
madeat500feettwopassesat1000andfourpassesat

04 2000feetaltitudeTheweatherwasmoderatelystablewith
anearneutralto05degreetemperatureinversioncondition
Windvelocityat8feetwas5to6mphandairtemperature

12 at8feetwasaround85degreesFThesamplingstationlay
lo outwasasshowninFigure12Eachstationcagedmos

o1 13

quitoesKromekotecardsglassslidespotassiumiodide
cardsand3ofthestationshadairsamplersFigure13shows

016

theratherbimodaldepositpatternobtainedwhichindicates

a2
m11 thatthedepositsfromthe500footelevationpeakedup

8 f
closerthan1000feetwhilethefourtimesamountreleased

CONCENTRATEAPPLICATION

TESTOFAUGUST11968

Figure12MapofColusaCaliforniashowinglocationof
samplingstations
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at2000feetcausedasignificantsecondpeakoverand
probablybeyondthetownThelevelsinthetownranging
from200600microgramssquarefootwereextremelyad
equateforcagedmosquitocontrolwithDibromFigure14
showsthedropsizeandfrequencydistributionforthesame
runHerethethreepeaksofthefrequencygraphprobably
indicatethethreealtitudelevelsfromwhichthespraywas
emittedThesizerangedropsoffwithamixedresultwhich
reflectsthethreereleaseheightsThenumberofdropsper



squarefootislowbutisevidentlynottoosignificantwith
DibromHoweveritdoessuggestthatstillfineratomization
andlowerflightheightsmightbeinorderforbetterresults
withDibrom

Itisquitepossiblethattheuseoffineatomizationspray
techniquemightbeofconsiderablevaluetolargescalemos
quitocontrolproblemsandemergencysituationswhere
townsandfieldscanbesprayedindiscriminatelyObviously
thecostismuchlowerinthiswayandtheannoyancefac
toroflowlevelsprayingoveratownisavoidedbyspray
ingupwindVerticalorstackedswathscouldbevaluablein

producingwidermoreuniformlydispersedcoverageHow
everitisalsoobviousthatmuchmorecareinevaluating
weatherfactorsandcombiningthesewithdropsizedataand
combiningthewholeinsometypeofdiffusionmodelis
requiredbeforeanysortofrationalprogramcanbedevel
opedItisimpossibleatpresenttopredictsprayparticle
sinkratesunderdifferentatmosphericconditionsbyasim
pleStokeslawapproachevenifdropsarestableinsize
withoutinsertingthehighlysignificantfactorsconcerned
witheddydiffusionandturbulenceoftheatmosphere
Whilethelattercanbereducedbysprayingunderstable
conditionsearlymorningandeveninginmostplacesthe
firstcannotbeeasilypredictedandyetmustbefullyap
preciatedinordertomakethesepredictableandsuccessful

Continuedeffortonevaluationofsafeuseofthedrift

sprayingtechniquewillbeattemptedsinceneedforlow
costmosquitocontrolconstitutesoneofthemoreurgent
problemsinCaliforniaaswellasinmanyotherpartsofthe
worldwherediseasecarryingmosquitoesandotherinsect
vectorsremainaseriousproblemtohumanhealth
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GraphicdatashowninthispaperwereprovidedbyCap
tainGSStainsandLtJYKeathleyUSNavalAirStation
AlamedaandbyDJWomeldorfandPatriciaAGilliesof

theBureauofVectorControlandSolidWasteManagement
andbyDrCharlesSchaeferoftheUniversityofCalifornia
FresnoLaboratoryaswellasthatfromtheAgriculturalEn
gineeringDepartmentUniversityofCaliforniaatDavis

ThisStudywassupportedinpartbyUSDAContract
1214100816333aswellasinpartbyPublicHealthSer
viceResearchGrantCC00304fromtheNationalCom
municableDiseaseCenterAtlantaGeorgia
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ANEWAPPROACHTOMOSQUITOCONTROL
INCEMETERIES

JohnGShanafeltJr

OrangeCountyMosquitoAbatementDistrictSantaAna

Mosquitocontrolincemeterieswasrecognizedasaprob
lemmanyyearsbeforetheformationoftheOrangeCounty
MADin1947Severalmethodsofcontrolhadbeenat

temptedsuchassprayingcontainersturningcontainers
meteringphenothiazineintothelawnsprinklersthermal
foggingaerosolingandmistblowingEventuallyattempts
toplacetheresponsibilityforcontrolonthecemeterywere
investigatedbythelateHaroldFarnsworthGrayAlameda
CountyMosquitoAbatementDistrictwhofoundthereason
givenfornoncompliancebycemeterymanagementwasthat
eachplotisownedbyarindividualorfamilyandunder
theMosquitoAbatementActthelegalownerisresponsible
forpreventingapublicnuisanceonprivatepropertyThere
forecemeterymanagementisnotresponsible

ImmediatelyafterOrangeCountyMADoperationsbegan
inJanuary1948thedistrictmanagerarrangedwiththe
OrangeCountyPlanningDepartmenttospecifythepre
ventionofmosquitobreedingasaconditionrequiredfor
issuanceoflandusepermits

Twelvecemeterieswereinoperationin1947allunder

DistrictjurisdictionwithtwoexceptionsLomaVistaFul
lertonandAnaheimCemeteryAnaheimwhichwerenot
partoftheDistrictTable1

Atthepresenteightadditionalcemeteriesareinoper
ationincludingoneforpetsIncidentallyin1967the
AnaheimCemeterybecameapartoftheDistrictuponan
nexationofthethreesquaremileoldcityofAnaheim

Originallythecemeterieswereisolatedfromhumanhab
itationsandCulexquinquefasciatusSayandCuliseta
incidensThomsonrecordedfromthecontainerscreated
noimmediateproblemssincetheirflightrangewasshort
andwildbirdsandmammalsprovidedthemwithfood

EarlycontrolattemptsbytheDistrictincludedthermal
foggingtwoeveningsperweekhoweverthecostofma
terialsandextramanhoursneededforeachapplication

Table1CemeteryStatisticsOrangeCounty1968

Areain

Acres

AnaheimCemetery 120 1000 0

AscensionCemetery 450 3250 15

ElToroCemetery 150 5000 13
FairhavenMemorialPark 1200 28000 12

ForestLawnMemorialPark 1600 4400 0

GoodShepherdCemetery 300 600 0

HarborRestMemorialPark 400 200 1

HolySepulcherCemetery 800 19900 60

HolyCrossCemetery 30 65 0

LomaVistaMemorialPark

notinDistrict 370

MagnoliaMemorialPark 50 850 3

MelroseAbbeyMemorial 200 1000 0

MemoryGardenMemorial 630 4400 0
MountOliveMemorialPark

includedinHarborRest
OrangeCountyDistNo1 800 21500 16

PacificViewMemorialPark 400 2250 0

SanJuanCapistranoCem 50 500 0
StJohnsLutheranCem 200 6000 16
WestminsterMemorialPark1150 10000 32

SeaBreezePetCemetery 50 25 0

TOTALS 8950 108940

CemeteriesinoperationpriortoAugust1947

Estimated of

Noof Mosq
ContainersBreeding



pluslackofdirectionalcontroloftheaerosolcausedthis
methodtobeabandonedHandsprayingindividualcon
tainerswasalsoattemptedononeofthesmallercemeteries
LomaVistaTheresultswereexcellentbuttheoperation
wasperformedonSaturdayswhentheentirestaffcouldbe
usedTreatmentbythismethodonaLargecemeterywould
havebeenprohibitiveintimeandcost

TheuseofaHomelitemistblowerwasattemptedin
1950howeveraccessstreetswerenotlaidoutwiththis
methodofmosquitocontrolinmindWindcurrentscreated
coverageproblemsInadditionposttreatmentinspections
revealedcontainerswithin1015feetofthemistblower

wereadequatelytreatedthose1525feetpartiallycon
trolledandcontainersfurtherawaywerenotaffectedatall

Ifprevailingwindscouldnotbeusedtoaidininsecticide
dispersalcontrolwaslimitedtothosecontainerswithin
1015feetofthemachine

Theinfluxofpeoplebeginningintheearly1950sbegan
theexpansionofurbanareasandatthepresentmanyof
thecemeteriesaresurroundedorpartiallysurroundedby
newhomesandbusinesses

Monthlyinspectionsinthespringandfallmonthstode
terminepercentageofbreedingmosquitospeciespresent
andcontrolactivityofcemeterypersonnelarecarriedout
bytheDistrictsControlForemenThisresponsibilityis
transferredtotheDistrictEntomologistsseasonalassistant
duringthesummermonths

Eightcemeterieshaveaveraged21offlowercontainers
withlarvaeIncidentallywithoneexceptionthesecem
eterieswereinoperationwhentheDistrictbeganoperating
Theremainingtencemeteriesturnallcontainersupside
downwhenflowersareremovedandmosquitoproduction
isnegligibleontheseTheneedforapracticalmethodof
controlwhichcouldberecommendedtotheoldercemeter

iesresultedinthisstudy

CONTAINER WATER LARVAE

TESTED GRAVESCONTAINERS UPSIDEDOWN DRYNOMOSQ PRESENT
INSECTICIDENOOF NOOF

CONTROLAD 72

DIESELSPREADER165

FLITMLO 168

02BAYTEXOIL 148

05ABATEEMUL 152

CONTROLP 99

2BAYTEXHRGRAN123

1ABATEGRAN 106

43

115

120

101

84

54

88

73

PRETREATMENTRECORDS

1

3

2

4

17

0

4

1

11

23

38

10

4

8

20

11

64

57

72

45

33

64

56

TOTALS1033 678 32 125 391

14

25

23

15

18

13

24

5

Table2Resultsoffieldapplicationofliquidandgranularinsecticides

TheFairhavenCemeteryselectedforthestudysiteone
ofthreecemeteriesformingasolidblockconsistsof55
acresinuseatthepresentTheestimatednumberofflower
containersofthethreecombinedis65000Fairhaven
28000OrangeCountyDistrict21500andStJohns
LutheranCemetery6000NewSubdivisionshaveen
croachedonthesouthandwestsidesoftheblockand

moreareplannedfordevelopmentonthenorthandeast

FairhavenCemeteryisbeautifullylandscapedandcare
fullymaintainedLawnirrigationisbyrainbirdtype
sprinklersattachedtogardenhosesandmovedmanuallyby
thecaretakersThewaterfaucetsarealsousedbyvisitors

forcleaningandfillingwithcleanwaterforfloralarrange
mentsMowingtrimmingandirrigatingareonaweekly
cycleartificialflowersaresetasideformowingthenre
placedNaturalflowersareremovedifwiltedatthistime
Thecontainersareusuallyleftasis opentotheskyand
ofcoursearepotentialmosquitosourcesRealizinghan
dlingartificialflowerarrangementscouldbecomeacostly
maintenancechorecemeteryregulationspermitthebou
quetstobepickedupanddestroyedonceaweekduring
mowingcyclehoweverthisruleisnotinforceatthepres
entArrangementoftheindividualplotswithinasinglede
velopedareaisillustratedbyFigure1

Figure1FairhavenCemeterygravearrangement3or4
outerringscenterwithrowsrunningnorthandsouth

ART NATURAL
FLOWERSFLOWERS

0
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4

0

0
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4

O 14 3 3 3

O 0 0 0 0

O 0 1 3 1

1 10 0 0 0

O 0 0 0 2

0

0

0

13

0

0

14

0

0

137 20 1 II 27 18

POSTTREATMENTRECORDS

NUMBEROFCONTAINERSWITHLARVAE
24has 36days57days131days

14

0

0

14

1

0

20 21
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TwoplotsADandPFigure2wereselectedforinsec
ticideapplicationsPreandposttreatmentinspectionswere
madeusingaglassturkeybasterAlthoughsuchamethod
canbecomebackbreakingtheinspectionswereaccomplish
edmuchfasterthanbyremovingcontainerpouringcon
tentsintowhiteenamelpanandexamining

TheinsecticidesusecweredieseloilwithspreaderFlit
MLO02lbgalBaytexindieseloil05lbgalABATE
wateremulsion2BaytexHRgranulesand1ABATE
granulesTable2

Applicationsofliquidsandgranularinsecticideswerein
tendedtoduplicateDistrictpersonnelusageLiquidappli
cationsweremadewitha2gallonHudsongardenpressure
sprayerwithanoperatingpressureof6030lbsTheaverage
releasewas34mlThehandvalvemusthaveapositive
actionsinceoildripscanstainheadstonesandalsoleavea
trailofburnedspotsorlinesonthegrassTimedrunsby
operatorsaveraged25containersperminute

AplasticdoityounelfweedkillingapplicatorKiller
Kane200eachfromgardensupplystoreappearedto
havebeenmadeforindividualflowercontainertreatment

Thisunitconsistsofatransparentplastictube114in
diameter34longAthebottomisaplungertyperelease
valveCapacitywhenfilledis47literonepintandthe
averagereleaseis25mlor200releasesperchargeUnder
fieldconditionsapplicationswereidenticaltotheHudson
sprayer25perminutewiththeadditionaladvantagesof
lightweightandelimin1tionofpumpingTheplasticma
terialoftubeandvalvewereunaffectedbyFlitMLOor
02lbgalBaytexindieseloilSincetheunitwasdesigned
forgroundsurfaceapplicationitisnecessarytoextendthe
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Figure2FairhavenMemorialPark Siteofmosquitosourcestudy

plungerrodfiveinchestoeliminateabackbendingmotion
byoperatorandalsotoassureinsecticidereleaseabovethe
waterlevelofcontainersincewateranddebriswillbedrawn

intothetubethroughthevalvewhentheunitisliftedfrom
thecontainerifusedasis

Granuleswereappliedtoindividualcontainersthrougha
hornseederwandregulardiscremovedwithatinfunnel
solderedtothetopendGranulesweredispersedfroma
cardboardshakertubewiththeopeningsettorelease1cc
ofgranulespershakeAlthoughtwohandswerenecessary
toapplythegranulesthelengthofthewandeliminated
bodybending

Incidentallythelattertwomethodsofapplicationelim
inatedthesqueezingandreleasinghandactionnecessaryto
operateagardentypesprayer

Results

A24hourposttreatmentinspectionrevealed100kill
byeachapplicationControlsremainedthesameasthepre
treatmentinspectionThisresultwasanticipatedsincethe
individualreleaseswereexcessiveInspectionat48hoursin
dicatednoreinfestationThefirstreinfestationwasnoted

36daysaftertreatmentFlitMLOtestAttheendof131
daysonly4containersof444treatedhadbeenreinfested

Todeterminethefeasibilityofturningcontainersupside
downasacontrolmeasureAreaRwasselectedFigure2
Atotalof171graveswassurveyedOfthese8751 had

containers67 werefoundupsidedown2731were
turnedupsidedown5057 wererustedtosleeveand

wereimpossibletoturn23weredryFifteencontained
mosquitolarvae

SANTASANTACLARAAVENUE
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IfeachcontainerwerefilledwithflowerseachSunday
thegardenerstaskofremovingwiltedflowersandturning
containersupsidedownwouldbeacostlyoperationhow
everafterseveraltripstothecemeteryitbecameapparent
thattheflowersdidnotappeartoincreaseordecreaseTo
followupthisobservationtheentirecemeterywassurvey
edtodeterminethenumberandtypeartificialornatural
offlowerspresentonanormaldayTheresultswerequite
interestingAtotalof1392floraldisplayswerecounted
andofthese1191wereartificialindicatingonlythata
visithadbeenmadesinceartificialflowersbecameavail

able201naturalPercentagewise5ofallcontainers
wereinusebutonly07ofthe78000werecurrentnat

uralfloralcontributionsTable3

Observationsofspecialinterestmadeduringthestudy
were

1Mosquitobreedingappearedtobeconfinedtospeci
ficcontainers therewasnotanormaldispersalintoad
jacentwaterfilledcontainersMosquitobreedingwithin
theuntreatedcontrolsappearedtobeconfinedtothesame
containersattheendof131dayscontainersfreeoflarvae
werefreeoflarvaeattheendof131days

2Larvaeweremostoftenfoundincontainerslocatedin

areasshadedfromafternoonsunshineusuallyontheeast
sideofshrubsortrees

3Failureoftreatedcontainerstobereinfestedwithina

reasonabletimewouldagainindicatesubnormaldispersal
ofthemosquitoes

4Sleevespresentwithoutcontainerswerenotamosqui
tobreedingproblemsinceirrigationwatersoakedaway
withinthreedaysTightsoilsinotherareasmightprevent
waterpenetrationhenceprovideapotentialmosquito
breedingsource

Conclusions

1Mosquitocontrolbythehandmethodsdescribeda
bovewouldbeimpracticalexceptwithinasmallcemetery
oronanemergencybasis

2Dosageusedinthetreatedareasproducedresults
howeverevaluationsofindividualinsecticideswitheach

otherwouldbeimpossibleTheinterestingpointwasthe
indicationthat3to4monthscontrolfollowingonesuch
applicationmightbeobtained

3Ifacemeterystartedwithafreshslateallcontainers
upsidedownandaconsistantcontainerturningprogram
wasundertakenthetinyextraeffortneededtoprevent
mosquitobreedingwouldbealmostunnoticed

Recommendations

1Acooperativearrangementbetweenthecemeteryand
themosquitoabatementdistrictwherebycemeteryanddis
trictpersonnelwouldworktogetherfollowingEasterand
MemorialDayactivityremovingallflowersandturning
containers suggestalsowiringartificialflowersandbend

ingstemssoflowersmightbeplacedonthegroundbutnot
incontainersRustedcontainersshouldberemovedifpos
sibleorbottomspunchedtopermitwatertodrainout

2Retainthesleevesbutreplacemetalcontainersbypro
vidingdisposablepapercontainersavailablefromvending
machines

3Eliminateallholesinthegroundandprovidedispos
ablecontainersadaptedforuseaboveground
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Table3FlowerdistributionatFairhavenMemorialPark
August81968Of28000containers4containedarti
ficialflowersand7containednaturalflowers

Area ArtificialFlowers NaturalFlowers

C 8 8

I 0 0

K 13 0

L 56 18

M 197 25

N 49 6

AZ 160 23

RS 4 0

R 6 2

Q 45 17

P 20 0

U 25 5

W 16 2

TZ 158 20

5 0

AB 13 2

AK 154 14

AF 41 7

AD 13 4

AX 6 0

AL 96 15

AE 45 9

O 22 9

X 0 0

XX 6 1

AN 14 5

AG 45 6

South 19 3

Total 1191 201
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Introduction

Injectionofconcentratedinsecticidedirectlyintosources
ofmosquitolarvaeiscurrentlyinitsthirdcycleofpopu
larityinCaliforniaTheadventofDDTinthelate1940s
precipitatedevaluationofitspotentialinavarietyofways
includingchemicalirrigationinpasturesGeibandSmith
1949SmithandGeib1949Thecoincidentdevelopment
ofDDTresistanceinAedesnigromaculisSmith1949dis
couragedfurtherexperimentationInthenextdecadethe
organophosphoruscompoundsPhosdrinmevinphosDip
terextrichlorfononeparathionweretestedascontrol
agentsinchemicalirrigsdonGahanandMulhern1955
Gahan1957Rapidtoxicitylosswasdemonstratedandthe
techniquewasneverbroadlyappliedRecentlyneweror
ganophosphorusinsecticideshavereceivedattentionaspos
siblecontrolagentsintheirrigatedagriculturesituationand
arenowunderinvestigationMulla1968Mullaetal1969

SjogrenandMulla1968injectedlarvicidesintopul
lutedwatersourcesofCulexsppusingconstantheadap
licatorstodriptheinsecticideintothewaterforaperiodof
100minutesto24hoursControlwasachievedateconomi

calratesThesourcesweregenerallysmallto17acres
comparedwithirrigatedagriculturalsourceswhichmaybe
ofseveralhundredacresorwereflowingwaterinditch
situations

TheTurlockandEastSideMosquitoAbatementDis
trictstogetherencompasallofStanislausCountyatthe
centerofCaliforniasGreatCentralValleyBothdistricts

aboundinsourcesofCulexpipiensquinquefasciatusrang

ingfromstreetcatchbasinsandhouseholddrainsthrough
wastewaterassociatedwithcattleandchickenfarmingto

sewageoxidationlagoonsofseveralacresTheusualcontrol
practiceistoinspectthesourcesandspraythemasneeded
generallyatweeklyintervalswithfenthionatthenominal
rateof01lbacreInmostinstancescontrolisgoodhow
everthisprocedurerequiresadisproportionateamountof
effortsincemanysourcesareaccessibleonlywithdifficulty
andtypicallyharborweedsandsurfacescumwhichpro
tectthelarvae

CaliforniaDepartmentofPublicHealthBureauofVectorControl
andSolidWasteManagementSacramento

2TurlockMosquitoAbatementDistrictTurlock
3EastSideMosquitoAbatementDistrictModesto
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EVALUATIONOFCONCENTRATEDINSECTICIDE

INJECTIONSAGAINSTMOSQUITOLARVAE
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Thetwoagencieswereparticularlyinterestedinattempt
inglarvalcontrolinthissituationbysimplypouringinsecti
cideconcentratedirectlyintothesourceinsocalledslug
dosesThispapersummarizesevaluationsofseveraltests
utilizingthistechniqueaswellasdripapplications

MaterialsandMethods

Thethreeleadingcandidateinsecticidesamongthose
currentlyavailablewerefenthionABATE andDurs

banRecenttestscomparingtheresidualeffectiveness
ofthethreeagreethatfenthionpersistsfortheshortest
timeinwaterofcomparativelyhighorganiccontentLewis
etal1966Steelmanetal1967SjogrenandMulla1968
ToxicitytestsonfieldpopulationsofCpquinquefasciatus
inStanislausCountyconsistentlyshowthespeciestobemore
tolerantoffenthionthanoftheothertwomaterialsTa
ble1Forthesereasonsfenthionwastestedonlyonce
whileABATEandDursbanwereusedformosttrialsOna

fewoccasionsBITHION apreparationcontaining6lb
galofthesameactiveingredientasABATEwasusedFor
conveniencethenameABATEisusedinthispaperfor
bothformulationsAllformulationsusedformedhighly
stablesuspensionsatthedilutionstested

Siteschosenforobservationincludedseveralkindsof

pollutedwatersourcesTheirwaterrelationshipsenabled
groupingthemasflowingwatersemistaticwaterorstatic
water

TwoditchesrepresentedflowingwatersourcesThe
Hardingdrainreceivessurplusirrigationwaterandtheef
fluentfromtheTurlocksewagetreatmentplanttransport
ingitthroughatotallengthof55milestotheSanJoaquin
RiverFollowingtheendoftheirrigationseasoninmid
Octoberonlysewageeffluentflowsintheditchatrelative
lylowratesontheorderof8milliongallonsperday
Enormousnumbersofmosquitolarvaeareproduceduntil
coldweathercausesbreedingtoceaseConventionalcontrol
effortsarecomplicatedbytreesbrushandspoilbanksalong
theditchAsinglefenthiontreatmentwasmadebydrip
applicationin1967whilefourslugapplicationsofABATE
weremadein1968

TheHuntdrainisaditchsystemintheOakdaleIrriga

tionDistrictsystemwhichalsoreceivesliquidwastefroma
canneryDuringthepeakofthetomatocanningseason
tremendousmosquitoproductionoccursAdensethatch
likegrasscoveralongthebanksandtrailingintothewater
renderssprayingdifficultandineffectiveAbout25milesof
canalareinvolvedincludingbranchesbelowthepointof
cannerywastedischargeThreeABATEtreatmentswere
madewithasimpledripperduring1968

1RegisteredtrademarkAmericanCyanamidCo00dimethylphos
phorothioate00diesterwith44thiodiphenol

2RegisteredtrademarkDowchemicalCo00diethyl0356
trichloro2pyridylphosphorothioate

Semistaticwatersweresewagetreatmentpondswhich
functionforoxidationanddischargeeitherthroughstreams
orbypercolationTypicallyweedgrowthalongtheedges
ofsuchpondsprovidesprotectedlarvalhabitat

SewageeffluentfromthesmalltownofHughsonisper
colatedfroma28acrepondaveraging3feetdeepIndus
trialwastemainlyfromacreameryisdischargedintoa35
acrepond3feetdeepwithanoutletintotheTuolumne
RiverThetwopondsweretreatedwithABATEbyslug
andbydriprespectively

TheWaterfordsewagetreatmentplantpondcomplexis
composedofaninitialholdingpond50x570x5feet
followedbyaseriesoffoursmallerponds50feetwideand
1footdeepandtotaling700feetinlengthDischargeis
throughpercolationThiscomplexwastreatedinitsentire
tytwicewithABATEslugs

Staticwatersourceswerethosewithlargeholdingca
pacityinrelationtoinflowandwhichhadnoapparentout
flowlosingwateralmostentirelytotheatmospherebye
vaporationandtranspirationfromemergentvegetationThe
Scottdrainistheoverflowfromasinglefamilycesspool
TheSchmidtandBrazildrainsreceiveeffluentandwashwa

terfromlargedairyfarmswhiletheZeeringandHatlen
drainsreceiveoverflowdrinkingwateroftenmixedwith
manureandwastefeedfromlayinghenoperationsThese
weretreatedwithABATEandDursbanslugs

Applicationsbydripweremadewithaconstantflow
dispensersimilartothatdescribedbyGahanetal1955
orwithasimplegravityflowdispenserconstructedbybraz
ingapipenippletoafivegalloncanandrestrictingthe
flowwithanozzleorificeorasyringetipandhypodermic
needleSlugapplicationsweremadebypouringdirectlyin
tothesourcewaterattheinflowpointapredeterminedand
premeasuredamountofemulsifiableconcentrate

Applicationsinflowingwaterweretoresultinacon
centrationof01partspermillionppmbyweightofthe
flowforadesignatedtimeperiodbasedonflowinforma
tionobtainedfromtheditchauthorityApplicationsin
semistaticandstaticwaterwereplannedtoresultinacon
centrationof01ppmbyweightofthevolumeofwaterin
thepondThisrequired1flozof41bgalemulsifiablecon
centratetheweightofboththeABATE4EandDursbanM
formulationsusedper5000ftsourcewaterApproximate
sourcevolumeswereestablishedbydeterminingthesur
faceareaandmuliplyingbytheaveragedepthofthepol
lutedwaterestimatedascloselyaswaspracticableAfew
treatmentsweremadeathigherorslightlylowerconcen
trations

Fieldevaluationsweremadebyexaminingwatersampled
withawhiteenameleddipperObservationsweremadeprior
toandaftertreatmentatvaryingtimeintervals

Sampleswerecollectedforbioassayin4ozwaxedpaper
cupsandtransportedtothelaboratorywheretheywerean
alyzedasdescribedbyGilliesetal1968usingCpquin
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quefasciatuslarvaefromacolonymaintainedbytheUni
versityofCaliforniamosquitocontrolresearchlaboratory
inFresno

Results

Treatmentsinflowingwater InNovember1967a
dripapplicationof42lbfenthionwasmadeovera17hour
periodtoaflowintheHardingdraintotaling36millionlb
waterforanaverageconcentrationof0117ppmCounts
ofimmaturesrangedto200perdippriortotreatmentEx
cellentkillswereobtainedofalllarvalinstarsandsomepu
paewerekilledReinfestationwasnotedaweekaftertreat

mentBioassaysatseveralpointsalongtheditchshowed
thattheinsecticideremainedmoreorlessintactasitmoved
downstream

InOctoberandNovember1968fourslugapplicationsof
ABATEweremadeBasedon1967observationsitwasas
sumedthattheslugapplicationwouldextendtotreatwa
terflowingintheditchoverafourhourperiodStationsat
whichlarvalobservationsandwatersamplesweremadewere
spacedonehalftoonemileapartDensitiesofimmatures
priortoeachtreatmentrangedtomaximumsof50to200
perdip

Treatmentamountsariddegreeofkillarerecordedbe
low

ABATE4E

Date ml

23Oct 630

28Oct 930

31Oct 949

12Nov 1131

Table2ResultsofbioassaysfollowingABATEslugtreatmentoftheHardingdrainStanislausCounty1968Initialappli
cation1131mlABATE4Eforanassumedconcentrationof0109ppmbasedon4hoursflowBioassaysensitivity0005
ppm
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Samplingtime
treated0530

0600

0700

0800

0900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

Partspermillion
4hourflow

060

089

091

109

0 12 1

Control

ofimmatures

90100

100

100

90100

008

03 26

0055 0078 072

06

InallcasesreinfestationoccurredverysoonFirstinstar
larvaewerenotedasearlyas29hoursfollowingtreat
ment

BioassayresultsobtainedfollowingtheNovember12
applicationarelistedinTable2Thesporadichighlevels
offthemainstreamofinsecticideflowareprobablydueto
anunknowncontaminantinthesewageeffluent

ThreedriptreatmentsweremadeattheHuntdrainin
September1968Flowsatthattimeremainedconstantat

53cubicfeetpersecondDosageswerecalculatedtore
sultinaverageconcentrationsof01ppmABATEduring
thefourhoursofapplicationLarvalobservationswere
madeatseveralpointsthroughoutthesystemthefarthest
beingabout4milesfromthepointofinjectionLarvae
werepresentinvaryingdensitiespriortoalltreatments

Followingeachofthethreetreatmentslarvaewerecom
pletelyabsentthroughoutthecanalsystematthe24hour
inspectionAt48hoursfirstinstarlarvaewerefound

TreatmentsinsemistaticwaterApplicationsweremade
July21968totheHughsonsewagetreatmentplantto
allowobservinginsecticidedispersalandpersistenceNolar
vaewerepresentatthetimeoftreatmentSeventythreefl
ozABATE4Ewereappliedasaslugdosetotheinletofthe
domesticeffluentpondand128flozABATE4Ein5gal
waterweredrippedintotheinletoftheindustrialeffluent

pondovera4hourperiodBioassaysamplesweretaken

Milesfrompointofinjection
112 2 212 312 412 512

098

084

016

12

06

042 066

031

0084 098

0054 066

005

0058 031

066

03 0078

037

044 0062

084

066
01

0054



Table3FieldresultsABATE4EslugtreatmentsinstaticwaterStanislausCounty1968

Source

Zeering
chickenhousedrain

ZeeringA
chickenhousedrain 4000 10July 0100 4

14Aug1030 18

Schmidtdairydrain 23000

Hatlen

chickenhousedrain 2500

1Secondinstarorlarger

daysafter
treatment

1

1

2

4

7

10

slug

Ft

15000

pond23
covered

pondcompletely
covered

coveragecomplete
toxicitydecreasing

coveragecomplete
toxicitydecreasing

coveragecomplete
toxicitydecreasing

Halfofsamples
showednoactivity
after24hours

observation

nodip
Date rangefloz

10July 030 3

30July 215 3

14Aug015 3

9Sept230 3

10July 03

30July 010

14Aug530
28Aug 120

13Sept25

4

4

4

4

4

24Junemany 06

9July 050 2

fromsixpointsaroundtheperipheryofeachpondThe
findingsaresummarizedbelow

treatmentmethod

drip

pondcompletely
covered

pondcompletely
covered

coveragecomplete
toxicitydecreasing

coveragecomplete
toxicitydecreasing

coveragecomplete
toxicitydecreasing

coveragecomplete
toxicitydecreasing

TreatmentsattheWaterfordsewagetreatmentplant
pondcomplexweremadebypouring36flozABATE4E
intotheinletonJuly21968and32flozBITHIONon
August21Larvaewerenumerousonbothoccasions

5 1

225 1

087

087

087

087

087

1

3

1

daylarvae
ppm dead reappearedl

16

13

13

12

17

Remarks

1 2 19 nobreedingday12notcheckedun
tilday19

13

21

checkedonlydays7 14negative
bothtimes

nobreedingday12whenponddried

nobreedingday100whenobserva
tionsterminatedEggspresentafter
day21

larvaepresentday1nocheckday2

nocheckuntilday6negativethen

afewlarvaeday3notcheckedagain
untilday17

12 breedingundiminishedthrough7days
observations

04 2 20 nobreedingday13notchecked
againuntilday20

Afterthefirsttreatmentlarvaewerepresentuntilthe
thirddayReinfestationbeganonday8andwassignifi
cantonday13Bioassayofwatersamplesfromthelower
onethirdofthesystemnevershowedinsecticidelevels
above24hoursensitivitylevelsyetlarvalcontrolwasob
servedtobegood

Followingthesecondtreatmentlarvalreinfestationwas
observedonday21Theinterestingobservationwasmade
afterbothtreatmentsthatlarvaldevelopmentappearedto
stopatthethirdinstarforseveraldays

AsingleslugtreatmentwasmadeAugust231968in
theOakdalesewagetreatmentplantusing16flozDursban
MLarvaewereplentifulpriortotreatmentNoposttreat
mentinspectionwasmadeuntilday5atwhichtimeall
larvaeweredeadFirstreappearancewasatday13with
fourthinstarsbeingfoundonday19Itshouldbenoted
thatthefirstreappearanceoflarvaewasinaverylocalized

areawheretheinflowappearedtoformaneddypossibly
clearingtheinsecticidefromthatarea

Treatmentsinstaticwater Tables3and4summarize

resultsofABATEandDursbanslugtreatmentsABATE
treatmentsatabout01ppmpreventedreinfestationfor12
to21daysexceptatthesmallHatlenchickenhousedrain
AnincreaseddosagewasneededtoestablishcontrolAde
liberateoverdoseof225ppmattheZeeringchickenhouse
draingavecontrolfor3monthsAllDursbantreatments
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Table4FieldresultsDursbanMslugtreatmentsinstaticwaterStanislausCounty1968

Source

Brazildairydrain 20000 19Aug030 4

Scottcesspooldrain 500 19Aug 3 1

HatlenA

chickenhousedrain 1C000 19Aug2030 2

Schmidtdairydrain 23000 20Oct 5 4

approximating01ppmlastedthroughouttheperiodsof
observationfrom35to95daysAswouldbeexpecteda
deliberateoverdoseof1ppmalsogaveextendedcontrol

Discussion

Thefieldtrialsdemonstratedthatoperationalusesof
directinsecticideapplicationstocontrolmosquitolarvae
inpollutedwaterarepotentiallyfeasibleUsingthewater
ofamosquitolarvalsourcasacarrierallowsthechemical
tobetransportedintosituationsnearlyinaccessibletocon
ventionalspraysCalculatingdosagesvolumetricallyrather
thanonasurfaceareabasiscompensatesforthefactthat
pollutedwatersourcesareoftenrelativelydeepTheinsec
ticidewasobservedtomovethroughoutthevolumeand
effectkillsatsomedistanceeveninwaterwithlittleorno

discernibleflow

Slugtreatmentswereeffectiveinstaticsemistaticand
flowingwateralthoughdriptreatmentsprovidedbetter
timeandconcentrationcontrolinflowingwaterABATE
treatmentsat01ppminstaticwatercanprovideadequate
controlinmostinstances5othatretreatmentwouldbere

quiredonlyattwoweekintervalsThereareapparently
situationswhereadosageof01ppmisinsufficienttogive
controlforthatlengthoflimeAthigherratesevenlonger
controlispossibleLimitedobservationsindicatethatDurs
banat01ppmmaycontrollarvaeforseveralweeksIn
movingwaterlittleornoresidualeffectwasachieved

OneexplanationofthelongDursbanresidualobserved
inwaterofhighorganiccontentisthatthematerialattaches
tosolidmatterWade1968Itispossiblethattheinsecti
cideisrereleasedintothewateralthoughconsideringthe
lowamountsfoundinthewaterbyWadeitismorelikely
thatthelarvaeingestthechemicalastheyfeedonparticu
latesABATEmayactinthesamewayallowingtherela
tivelylongcontrolperiodsobservedBowmanetal1968
documentedthephenomenonofsurfaceadherenceof
ABATE

Resultsoftheteststodateareencouragingenoughto
warrantlimitedincorporationofthetechniqueintotheop
erationalprogramsofthetwodistrictsbutthereareseveral
considerationswhichmustbetakenintoaccountCon

60

nodip
Ft Date rangefloz ppm dead reappeared

1 4 nobreedingonday95whenobser
vationsterminatedEggsnotedafter
day21

10 1 nobreedingonday95whenobser
vationsterminated

1 1

087 3

daylarvae

nobreedingonday35whenpond
dried

nobreedingonday72whenobser
vationsterminated

ditionswouldbehypotheticallyidealfordevelopingresis
tanceintreatedpopulationsbecauseoftheresidualnature
oftreatmentsinstaticwaterThoroughinspectionisthere
forenecessaryandretreatmentatproperintervalsisof
primeimportanceConcentratedinsecticidemustnecessar
ilybetransportedandappliedinthefieldthusonlychemi
calswithminimalpotentialhazardshouldbeusedSince
concentrationsinthetreatedwaterexceedtheassumeddo

sageatthesiteofinjectionforalengthoftimedangerto
peoplelivestockandothernontargetorganismsmustbe
avoidedSomenontargetorganismsmightbeendangeredby
certainchemicalsatlevelsof01ppmforexamplesome
speciesoffisharehighlysensitivetoDursban

Itmustbenotedthatresponsetothistypeoftreatment
isvariedamongsourcesofthesametypePersonnelinvol
vedinoperationaluseofthistechniquemustunderstand
thefactorsinvolvedinselectingtheminimumdosagere
quiredtoobtaincontrolTheoperatormustbecomethor
oughlyacquaintedwitheachsourceandmaintainacomplete
historyofmosquitodevelopmentandmaterialapplied
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FIELDTESTSOFABATEANDPARATHION
GRANULESINCATCHBASINS

CharlesMMyersPatriciaAGilliesandRichardFFrolli

Twentyfourstreetdrainingcatchbasinsweretreatedfor
13weeksinHanfordCaliforniainanattempttocontrol
CulexpipiensquinquefasciatusSayTreatmentswerewith
1ABATEgranulesand2parathiongranulesatado
sageof1ppmItwasnecessarytotreatatweeklyintervals
tomaintaincontrolNosignificantresidualbuildupofin
secticidebeyondonedaywasobtainedasindicatedbylar
valbioassayandreinfestationdata

Introduction

ThecommonhousemosquitoCulexpipiensquinquefas
ciatushasnotbeenincriminatedasanimportantdisease
vectorspeciesinCaliforniaItishoweveramajorsourceof
urbancomplaintsinmanyCaliforniacommunitiesProba
blythemostsignificantrecurringurbansourceofthismos
quitoisinstreetdrainingcatchbasins

1CaliforniaStateHealthDepartmentBureauofVectorControland
SolidWasteManagementFresno

2KingsMosquitoAbatementDistrictHanford

Treatmentsofcatchbasinsvaryfromdistricttodistrict
Generallythebasinsareinspectedearlyinthemosquito
seasonandthetreatmentprogramisinstitutedwhensignif
icantbreedingisfoundTreatmentisthenusuallyscheduled
routinelywithoutinspectiononweeklyorlongerintervals

Insecticideseitherasemulsifiableconcentratesorgranu
larformulationsoroilsarethematerialsinmostcommon

useinCaliforniaThepurposeofthisstudywastocompare
theeffectivenessofa1ABATECelatomgranulewiththat
ofa2parathionsandcoregranule

MethodsandMaterials

Theareatreatedincludedthedrainagefromfourdrain
agesystemswithinanapproximately10squareblockarea
TwentyfourcatchbasinswerestudiedDrainwaterinthe

residentialareawasalmostentirelyfromlawnandgarden
runoff

ThebasinsareroundwithverticalconcretesidesThe

bottomsareopenandthetopsarefittedwithremovable
ironlidsforcleaningAllbasinswithoneexceptionare16
inchesindiameterandbetween24and36inchesdeepOne
basinis20incheswideand39inchesdeepVolumeswere
determinedandaccumulateddebriswasremovedfromall

basinspriortothestudyperiodThecatchbasinstendedto
remaineitherfullornearlysothroughoutthestudyowing
tothemagnitudeoflawnirrigationWaterenteredtheba
sinsfromeithertheguttersaloneorfromtheguttersandthe
bottomofthecatchbasinaboveitbymeansofapipecon
nectingthebottomsofthebasins

Datapresentedherewereobtainedovera13weekperiod
fromMay8toJuly311968Thebasinsweretreatedon
WednesdaysAtthistimeobservationsweremadeonwater
temperaturebreedingandfloodingWatersampleswereal
sotakenforbioassayifbreedingwasnotpresent

OnThursdaysobservationswerelimitedtoeffectiveness
ofthepriortreatmentandfloodingWatersamplesforbio
assayweretakenfrombasinstreatedonWednesday

Watersamplesfromallbasinswerebioassayedforinsec
ticidalactivitybothbeforeandaftertreatmentiflarvae

werenotpresentSamplesweretransportedtothelabora
toryrefrigeratedandtestedassoonaspracticableTwenty
fourthinstarCpquinquefasciatuslarvaefromasuscep
tiblestrainwereplacedineachwatersampleandthemor
talitywasobservedatroughly1248and24hourinter
vals

Allbasinsweretreatedattherateof1ppminsecticide
basedonthevolumeofafullbasinTreatmentsandall

otherobservationsweremadeinthemidmorning

TwotreatmentscheduleswereusedduringthestudyIn
anattempttodetermineresidualactivityoneseriesofba
sinswastreatedonlyifbreedingwaspresentAsecondseries
ofbasinswastreatedweeklyregardlessofbreeding

Insecticidalactivitywasratedas iftheKT50Time
requiredtokill50ofthelarvaewas2hours iftheKT
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50was2hoursbut24hoursand0iftheKT50wasnot
reachedin24hoursAKT50of2hours wasconsid

eredaneffectivecontroldosageThisdosagewasdetermined
tobeequivalentto0035ppmorgreater

Table1Bioassaydatafromcatchbasinstreatedweekly
withABATE1orparathion2granules

ABATE1

Total

Day1
60 41

79 53

0 8 6

Total 147 100

Day7
2 1

51 35

0 94 64

Total 147 100

KT502hours 0035ppm
KT502hours

OKT5024hours

62

Parathion2

Total

4

21

17

42 100

1

3

29

10

50

40

3

10

87

33 100

Results

Theaveragewatertemperatureforallbasinsfora7week
periodfromMay29toJuly101968was86FThehigh
esttemperaturereadingdiringthisperiodwas106Fand
thelowestwas70FIndividualtemperaturereadingswere
usuallyquitevariableduringperiodswhenthebasinswere
beingfloodedbystreetdrainage

ABATE1granuleswereapplied147timesOfthese
94showedactivitybybioassayafter1daywith41show
inganeffectivedosageAfter7days36showedactivity
bybioassaybutonly1hadaneffectiveresidualNocor
relationbetweentemperatureandactivitywasnoted

Parathion2granuleswereapplied42timesinthe13
weekperiodOfthese60showedactivityafter1day
with10havinganeffectiveresidualAfter7days13
showedactivitybybioasaybutonly3hadaneffective
residualTable1

Inonlyoneinstancewerepupaefoundontheseventh
dayaftertreatmentwithIABATEPupaewerefoundon
4occasions7daysfollowingtreatmentwith2parathion
granulesTable2

Duringthe13weekstudyperiodbreedingwasfound
135timesinthe24basinsinthestudyforanaverageof
slightlymorethan1043 ofthebasinsbreedingper
weekThisincidencewasregardlessoftreatmentssincethe
majorityofbreedingwasconfinedtolessthan13ofthe
basinsandnoreductioninbreedingfrequencywasevi

dencedwithonceaweektreatmentTherewasnoevidence

tosuggestaresidualbuildupofinsecticideinthebasinsas
thestudyprogressedNeitherthebreedingdatanorthebio
assaydataindicatedanyresidualactionbeyond7daysre
gardlessofwhetherthebasinsweretreatedweeklyoronly
asneededThisisnottoosurprisingconsideringthefre
quencyatwhichflushingoccurredinmanyofthebasins

Conclusions

Undertheconditionsofthistestitappearedthatstreet
drainingcatchbasinsofthetypedescribedshouldbetreat
edatweeklyintervalsConsideringthelargeproportionof
basinswhichbredmosquitoesweeklythereseemedtobe
littlevalueininspectionpriortotreatmentAdosageof1
ppmwassufficienttokillalllarvaeinthebasinsatthetime
oftreatmentbutnoeffectiveresiduallastedmuchmore

Table2LifestagesofCpquinquefasciatusincatchba
sins7daysaftertreatment

Week 1234 11 12 13 Total

1 6124 2 2 4

2 3231 1 2

3 2231 1

4 212

P 1

1

2

3

4

P

Week 5

1 3

2 1

3 3

4 1

P

1ABATEGRANULESASNEEDED

2PARATHIONGRANULESASNEEDED

112

232

242

242

1

1ABATEGRANULESWEEKLY

678 9 10 Total

11 2

311

1

12

1

1

21

12

9

5

1

48

4 15

7 25

8 28

8 28

1 4

28 100

7 30

7 30

5 22

4 18

0 0

23 100

2PARATHIONGRANULESWEEKLY

1 1422 1 2

2 2412 3 2

3 2412 3 2

4 2421 2 2

P 2 1

12

14

14

13

3

56

44

25

19

10

2

100

21

25

25

23

6

100



than24hoursasevidencedbythebreedingdata
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DEVELOPMENTOFORGANOPHOSPHORUS

RESISTANTAEDESNIGROMACULISLUDLOW
INTHETULAREMOSQUITOABATEMENTDISTRICT

DennisRamke

TulareMosquitoAbatementDistrictTulare

TheTulareMosquitoAbatementDistricthasdepended
primarilyontheuseoforganophosphoruscompoundsto
controlthepasturemosquitoAedesnigromaculisLudlow
since1952whenparathionwassubstitutedforchlorinated
hydrocarboninsecticideThismaterialwasusedsuccessfully
until1958whenthefirstsignsofresistancedeveloped
LewallenandNicholson1959Howeverthecontrolpro
gramremainedrelativelysuccessfuluntiltheyear1961
whenthecompletefailureofethylparathionoccurred
Methylparathionwassubstitutedandusedsuccessfullyon
bothlarvalandadultstagesuntiltheyear1963Brownet
al1963atwhichtimeresistancedevelopedagainending
theutilityofthemosteconomicalinsecticidesusedbythe
DistrictAbriefhistoryoflarvicidefailuresintheTulare
MADisgiveninTable1

Withthefailureofparathionaneworganophosphorus
compoundfenthionwassubstitutedThismaterialwas
usedsuccessfullyuntilearlyAugust1968whenaserious
resistanceproblemdevelopedinasmallpasturecomplex
southwestofthecityofTulareAroutineaircraftappli
cationoffenthionappliedat01lbacrefailedtocontrol
bothlarvalandadultstagesofthepasturemosquitoA
nigromaculisExperimentalapplicationsoffenthionapplied
at02lbacrefailedtocontroladultemergenceBytheend
ofOctoberthecontrolproblemhadspreadoveraconfined
areaofapproximately3000acresofirrigatedpastureand
alfalfaalongthewesternborderoftheTulareDistrict

Numerousotherchemicalshavebeenfieldtestedbyper
sonnelfromtheBureauofVectorControlandSolidWaste

ManagementatFresnoandtheUniversityofCalifornia
mosquitocontrolresearchlaboratoryatFresnoThesechem
icalshavebeenprovedineffectiveincontrollinglarvaeofthe
pasturemosquitoAnigromaculisThelackofreplacement
larvicidesprecipitatedthesearchforaneffectiveadulticide
OnlyBaygonanddichlorvosDDVPwerefoundtobe
effectiveagainstthesehighlyresistantmosquitoesAlistof
materialsappliedaslarvicidesandadulticidesisgivenin
Table2Allmaterialswereappliedbyaircraft

Fieldandlaboratorytestsconductedintheaffectedarea

Table1HistoryofinsecticidefailuresagainstAedes
nigromaculislarvaeintheTulareMosquitoAbatementDis
trict

Dosage
Material lbacre

Parathion 01

Methylparathion 01

Malathion 05

Fenthion 01

ABATE 005

MalathionABATE 03005
EPN 01

Dursban 005

Fenthion 02

Notusedoperationallyfailurebasedonfieldtrials

confirmhighorganophosphorusresistanceexistinginpopu
lationsofthefieldmosquitoAnigromaculis

Althoughnotconfirmedbyoperationalfailuresinthe
fieldlaboratorytestsshowlevelsoffenthiontoleranceover
theentireDistrictItisapparentlyjustamatteroftimeun
tilthewholeDistrictisaffected

ReferencesCited

Yearof

InitialFailure

1958

1961

1965

1968

1965

1965

1966

1967

1968

BrownAWALLLewallenandPAGillies1963Organophos
phorusresistanceinAedesnigromaculisinCaliforniaMosq
News23341345

LewallenLawrenceLandLorenMNicholson1959Parathionre
sistantAedesnigromaculisinCaliforniaMosqNews191
1214

Table2MaterialsevaluatedagainstOPresistantAedesnig
romaculisintheTulareMosquitoAbatementDistrictduring
1968

Highestineffective Minimumeffective

Material fielddosagelbacre dosagelbacre

Larvicide

Methylparathion 01

Fenthion 02

Dursban 005

Adulticide

Methylparathion 01

Fenthion 02

Naleddibrom 01

Dursban 01

DichlorvosDDVP 01

Baygon 005
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WhilemosquitocontrolinCaliforniaisbasedprimarily
onlarvicidingcontrolofadultsisalsonecessarytocombat
migrantpopulationsandwhenlarvicidetreatmentshave

failedInformationontheresistanceofanadultpopulation
havingaknownlarvalresistancelevelwouldaidinpredict
ingtheusefulnessofagivencompoundforadulticiding
whenthatcompounddidnotachievelarvalcontrol

Georghiouetal1966selectedlarvaeofCulexpipiens
fatigansWiedemannwiththecarbamateBaygonand
inthirtyfivegenerationsofselectionthelarvaltolerancein
creasedtwentyfivefoldandtheadulttolerancebasedon
contacttestingmethodsonlythreefoldselectionofadults
fortwentyfourgenerationsresultedinafivefoldincreasein
theirtolerancebuttherewasonlyatwoandonehalffold
increasefortherespectivelarvae

ORGANOPHOSPHORUSRESISTANCELEVELS
INADULTSANDLARVAEOFTHEPASTURE

MOSQUITOAEDESNIGROMACULISLUDLOW
INTHESANJOAQUINVALLEYOFCALIFORNIA

Table1Summaryof1968testsonlarvaeandadultsofsusceptibleAedesnigromaculispopulations

Pasture

64

WHWilderandCHSchaefer

MosquitoControlResearchLaboratory
UniversityofCaliforniaFresno

AdultsLC50 soln

Parathion Dursban Fenthion

Gilbert
5268 017 0034

52068

52768

53168 120 0035

7868 016 0060

Livingston
7368 020

NorthLivingston
81968 020 0030 0060
82268 040 0037 0140

Tarabini
71068

71068

72668

WestTarabini
81968 107 0020 0037
82968 009 0043

Morsehead
8168

9968 0075

AVERAGE 017 0031 0068

Concentrationofinsecticidesolutionappliedtofilterpaper
2Portervillearea

3EasternMaderaCounty

ThepasturemosquitoAedesnigromaculisLudlowis
intenselypressuredvialarvicidingprogramsandlarvaehave
becomehighlyresistanttomanyorganophosphorusinsect
icidesWomeldorfetal1968howevernopublishedin
formationisavailableonthetoxicityofthemostcommon
lyusedorganophosphorusinsecticidestoadultsofthis
speciesoronthedegreeofadultresistanceinfieldpopula
tionsThispaperpresentsinformationonthetoxicityof
Dursban fenthionandparathiontoadultandlarval
stagesofAnigromaculisfromsusceptibleandresistant
areasoftheSanJoaquinValleyWhilethisworkwasinpro
gressseverecontroldifficultiesdevelopedwithintheTulare
MosquitoAbatementDistrictRamkeetal1969Schaefer
1969Datawereobtainedontheresistancelevelsofadults
andlarvaewhichresistedcontrolattemptswithnumerous
insecticides

Larvaeweretestedbyaddingacetonesolutionsofthetest
insecticidetodixiecupscontaining20fourthinstarlarvae
in100mlofwaterAgradedseriesofduplicateddosages
wererunforeachtestAfter24hrsat70Fthepercent
mortalitywasdeterminedAdultsweretestedbythefilter
paperexposuremethodofGeorghiouandMetcalf1961
groupsof20adultseachwereexposedtofilterpapers
whichhadbeentreatedwithacetonesolutionsofinsecti

Parathion Dursban Fenthion

0045

0038

0042

0030

0054

LarvaeLC50ppm

0009

0026 0007

0029 0007

0032

0006 0013

0037 0007 0015

0035

0013

0013

0016

0017 0006 0010

0034

0035 0007 0013



Table2Summaryof1968testsonlarvaeandadultsoforganophosphorusresistantAedesnigromaculispopulations

Pasture

Susceptible
Average

Soults
8568

resistance
9668

resistance

10368

resistance

Hahsey
52168
resistance

9468

resistance

McClure

8668

resistance

82868

resistance

Loboa

7968

resistance

71168

resistance

Costa

8268

resistance

20

117X

60
353X

58

340X

52

305X

90

530X

AdultsLC50 soln

Parathion Dursban

017 0031

100 018

588X 58X

200 018

1180X 58X

240 023

1410X 74X

012

39X

0075

24X

Fenthion

0068 0035 0007 0013

27

397X

20

294X

21

309X

22 011 17 0034 0090

129X 35X 485X 48X 69X

60 014 16 25 004 0094

354X 46X 235X 713X 57X 72X

cidesAdultswereexposedforaonehourperiodandthen
transferredintountreatedcontainersandheldat60F
untilthe24hourmortalitycountsweremadeEachadult
testwasconductedatseveralconcentrationseachindupli
cateThepercentmortalitydatawasplottedversusconcen
trationonlogprobitpaperandtheLC50andLC90values
werereadfromthelinesInsomecasespopulationswereso
highlyresistanttoparathionthatLC90valuescouldnotbe
obtained

TheLCS0valuesforlarvaeandadultsofthesusceptible
populationsareshowninTable1Theaveragesofthese
LC50sareslightlyhighduetothepresenceofalowlevelof
parathionresistanceinthesamplesfromtheuncontrolled
PortervilleareaGilbertandLivingstonpasturesitisap
parentthatthisareashouldnolongerbeusedtodetermine
thesusceptiblebaselinesThereisnoevidencethatinsecti

12

176X

07

103X

037

54X

043

63X

060

88X

1Concentrationofinsecticidesolutionappliedtofilterpaper
2SeeTable1

3Thenumberoftimesresistantascomparedtosusceptiblepopulations
4WesternTulareCountyTulareMAD
5EasternKingsCountyKingsMAD

Parathion

50

143X

10

288X

40

115X

20

570X

30

865X

32

922X

10

288X

LarvaeLC50ppm

Dursban Fenthion

0047 015

67X 115X

010 022

143X 170X

006 016

86X 123X

0045

64X

0058

83X

0095

73X

0110

84X

0040 0110

57X 84X

0034 0077

49X 59X

0110

84X

cidetoleranceofthesusceptiblestrainschangeduringthe
seasonthuslateseasoncontroldifficultiesdonotappear
toberelatedtoseasonalchangesinthenormalpopulations

ThedataforresistantpopulationsfromtheTulareand
KingsMADsareshowninTable2andarecomparedtothe
averagesusceptibleLC50sfromTable1Theadultmosquito
dataforagivendateTable2arearesultoftestsonadults
rearedinthelaboratoryfromfieldcollectedlarvaefor
whichLC50valuesarealsoshownTheresistancelevelsof
larvaeandadultscannotbecompareddirectlysincethe
testingmethodsforthesetwostageswerequitedifferent
howeverdirectcomparisonsbetweenthesusceptibleandre
sistantstrainsofeitherstageappearsoundAcomparison
oftheresponseoflarvaeandadultsofrepresentativesus
ceptibleandresistantpopulationstoinsecticideconcentra
tionsisshowninFigures1and2
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Unfortunatelytestswerenotconductedonanygiven
fieldthroughouttheentireseasonhoweveringeneralthe
dataindicatedatrendtowardincreasinglyhigheradultresis
tancelevelsasthecontrolseasonprogressedThetwotests
fortheHahseypasturewereconductedoverthreemonths
apartandwhiletheincreaseinlarvalresistancetoparathion
waslessthanonefoldadultresistanceincreasedover

twentyfivefoldTheresistancelevelsatSoultspastureare
veryinterestingsinceinSeptemberandOctoberfieldap
plicationsof02lbacreoffenthiondidnotachievecontrol
oflarvaeoradultsparathionhasnotbeenusefulinthisarea
forseveralyearsRamkeetal1969Thecrosstolerance
ofOPresistantAnigromaculislarvaetoDursbanhaspre
viouslybeenreportedGilliesetal1968Thepresentre
sultsshowlevelsofadultresistancetoDursbanuptoseven
foldTable2althoughthisismuchlowerthantheresis
tancelevelsforparathionandfenthion01lbacreof
Dursbandidnotcontrolsomeadultpopulationswithinthe
TulareMADinfieldtestsconductedduringSeptember1968
Ramkeetal1969Themagnitudeofadultresistance
foundinthesetestswassurprisinglyhighbutyetisconsis
tentwithdifficultiesincontrollingthesamepopulations
withthesameinsecticides

Itseemslikelythattheapparentlateseasonincreasesin
mosquitoresistancelevelsweretheresultoftheinsecticide

selectionwhichoccurredintheprecedingmonthsMany
MADmanagershaveobservedthatchemicalcontrolofA
nigromaculisbecamemoredifficultinthelatepartofthe
seasonbutintheearlypartofthenextseasoncontrolwas
easiertoachieveItispossiblethatlateseasondispersalof
thisspeciesissufficientsothatmanyoftheoverwintering
eggsinagivenareawhichhadharboredhighlyresistantpop
ulationswerelaidbyfemaleswhichhadmovedtherefrom
areaswhereresistancewaslessIfthisweretooccurthe

nextspringpopulationwouldbeheterogeneouswithrespect
toresistanceandtheresistantmemberswouldagainbe
selectedforduringtheseasonThehighdegreeofdisper
saloflateseasonpopulationsofAnigromaculisisfrequent
lymentionedbymosquitocontrolpersonnelandwasob
servedinthehighlyresistantareaintheTulareMADduring
Octoberof1968forexampleone90acrefieldwassprayed
foradultsat10amwhentheadultcountwas15perlegby
lateafternoontherewerestill12adultsperlegandby
thenextmorning25adultsperlegwerepresentDuring
thissamemonthmanylargeadultpopulationswereen
counteredinalfalfaandsorghumfieldsandevenindry
nativepasturesThesourceoftheseadultsisunknown
howeveritisknownthatAnigromaculisadultscanmove
2030milesandprobablymuchfurtherSmithetal1956

Otherfactorsalsoareinvolvedwithlateseasoncontrol

problemsAstheseasonprogressestherateofwaterpene
trationdecreasesproducingmorenumerousandlarger
bodiesofstandingwaterandanincreaseinmosquitopro
ductionHusbands1954Thusiflargerpopulationsde
velopandthepercentcontrolremainsconstantthenumber
ofemergingadultsmaygreatlyincreaseAlsoastheseason

progresseswaterdepthmayincreaseandfloodeggsthat
werelaidonthehigherpartsoftheborderridgesthese
eggsmayaccumulateinlargenumbersfrompreviousbroods
andifhatchinganddevelopmentalconditionsarefavorable
aseriousoutbreakmayresultHusbands1955

During1969furtherstudieswillbemadetofollow
givenfieldsthroughouttheseasoninordertoexaminesea
sonalchangesinresistanceofthelarvalandadultstagesof
givenpopulations
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THEEFFECTSOFWATERQUALITY
TEMPERATUREANDLIGHTONTHE

STABILITYOFORGANOPHOSPHORUSLARVICIDES

USEDFORMOSQUITOCONTROL

CharlesHSchaeferandEmilDuprasJr

MosquitoControlResearchLaboratory
UniversityofCaliforniaFresno

DuringthepastyearstheCaliforniaMosquitoControl
AssociationResearchCommitteehasrecommendedthatre

searchbeconductedonthepossibleeffectsofalkaline
pasturewateronthestabilityofmosquitolarvicidesThis
recommendationstemsfromthehistoryofdifficultiesin
controllingthepasturemosquitoAedesnigromaculis
LudlowinTulareandKingscountiesthesedifficulties
werefirstencounteredandhaveremainedmostseverein

alkalinesoilareasThusitwaspostulatedthatsome
factorsinthealkalinewaterwasresponsibleforcontrol
difficultiespossiblybyreducinginsecticideconcentration
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Furthermorethefrequentlymentionedobservationthatit
ismoredifficulttoachievecontrolinthelatepartofthe
seasonSeptemberOctoberthanintheearlyseasonMay
Julymightalsobeexplainedbythegradualincreaseof
somefactorinthealkalinewaterthatdegradeslarvicides

Anoverallstudyoffactorswhichaffectthestabilityof
theinsecticidesusedinCaliforniamosquitocontrolwasin
itiatedattheFresnoLaboratoryin1968Schaefer1968
Thispaperpresentstheresultsoftestsconductedduringthe
pastyearontheeffectsofwaterqualitytemperatureand
lightonthestabilityoforganophosphoruslarvicides

Methods

Pastureshavingahistoryofmosquitocontroldifficulty
inthealkalinesoilareasofKingsandTularecountieswere
selectedforthesestudiesThreeorganophosphoruscom
poundswhicharewellknownlarvicideswerechosenasthe
testinsecticidesparathionwasselectedasithadoncebeen
themainlarvicideusedntheseareasfenthionbecauseit
wasincommonuseatthetimeofthisstudyandDursban
becauseitisexpectedtocomeintocommonuseAninitial
concentrationof01ppmwasselectedsinceonewouldex
pecttoencounterthislevelinpasturewaterfollowingappli
cationsof01lbperacreofactiveinsecticide acommon

applicationratefortheselarvicides

Asabasisofcomparisonalltestsonthestabilityof
theselarvicidesinpasturewaterweresimultaneouslycon
ductedindistilledwaterthusthestabilitycanbecom
paredbetweenpureandpasturewaterheldunderthe
sameconditionsandatthesametimeEachinsecticidewas

testedtwiceunderfieldandtwiceunderlaboratorycondi
tionsandalltreatmentswereruninduplicateineachtest
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FIGURE1 STABILITYOFFENTHIONINPASTURE ANDDISTILLED WATER
UNDER FIELDCONDITIONS

FieldTests Pasturewaterwascollectedfromagiven
fieldwhenthirdorfourthinstarAnigromarulislarvaewere
presentThusthepasturewatersamplesweretrulyrepre
sentativeofabreedingsiteatthetimewhenspraytreat
mentswouldnormallyhavebeenmadeForeachtestabout
threegallonsofpasturewaterwerecollectedandfiltered
throughaplugofcoarseglasswoolthisremovedlarvaeand
largepiecesoforganicmatterbutdidnoteliminatefine
suspendedorganicmatterTheyellowcolorofthepasture
waterwasunchangedfollowingthiscoarsefiltration
Samplesofpastureanddistilledwater150mleachwere
measuredandplacedinto35inchdiameterpyrexjarsOne
hundredmicrolitersofa015microgrampermicroliter
acetonesolutionofagiveninsecticidewereaddedtoeach
jarwithacalibratedmicropipettethisgaveaninitialcon
centrationof01ppmThejarswerethenmovedintothe
fieldandplacedintothepasturewatersothattheback
groundcolorwasnaturalthetemperaturewasthesameas
forfieldwaterandtheywereexposedtonaturalsolarradi
ationTheduplicatesamplesoftreatedpastureanddistilled
waterwereextractedattheendof024and8hoursof
exposurePasturewaterfilteredasdescribedabovewas
broughtbackintothelaboratoryandrefrigeratedforfur
thertestsdescribedbelowFieldwatertemperatureswere
measuredperiodicallyduringthetestsThepHofthepas
turewatersusedinthetestsvariedbutallwerebetween7

and9thepHofthedistilledwater65

LaboratorytestsTestsoneachcollectionoffieldwater
wereconductedwiththesameinsecticideashadbeenused

intherespectivefieldtestLaboratorytestswereconducted
inthesamemanneraswasdescribedforfieldtestsexcept
thatthejarswereheldinthedarkinconstanttemperature
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cabinetsandthatinsomecasestreatedjarswereexposed
totheexperimentalconditionsforupto24hoursbeforeex
tractionEachlaboratorytestwasconductedattwodif
ferenttemperatures24aid38Cthesetemperatureswere
representativeofthelowandhighwatertemperatures
whichwerecommonunderfieldconditionsinmidsummer

GlasswareTreatmentInordertoinsurethattheinsecti
cidewouldnotplateouonthesidesandbottomofthe
glassjarsduringthefieldandlaboratorytestsalljarswere
silanizedasfollowsthejarswerethoroughlywashedand
driedfilledwitha5solutionofdichlorodimethylsilanein
tolueneheldfor10minutesemptiedandthenfilledwith
anhydrousmethanolAfterthemethanolwaspouredout
andthejarsdriedtheeffectofthesilanizationwasapparent
astheglasswouldnotwet Thistreatmentmasksactive

groupsiehydroxylgroupsandtherebyeliminatessites
whereadsorptioncanoccur

ExtractionMethods Attheendofthevariouspost
treatmentholdingtimesthewaterfromagivenjarwas
pouredintoaglassstopperedbottleand150mlofan
organicsolventwereaddedChloroformwastheextracting
solventfortheparathionandDursbansamplesandmeth
ylenechloridewasusedforthefenthionsamplesForwater
samplescontainingparathionorDursbanhydrochloricacid
wasaddedtoacidifytheaqueousphasetopH1whichis
reportedtoimprovetheextractionandreducetheforma
tionofemulsionsWarnickandGaufin1965Thisacidifi
cationcouldnotbeusedwithfenthionsamplesasconsider
ablelossofthecompoundresultedThebottleswereheld
overnightandtheneachwaspouredintoaseparatoryfun
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nelAfteraonehourpartitiontheorganicphasewasdrawn
offandtheaqueousphasewasreextractedwithasecond
aliquotoftheorganicsolventafteranadditionalonehour
partitionthesecondorganicphasewasdrawnoffandthe
combinedorganicphasewasreducedto1mlinarotating
evaporatorinvacuo Tento15mlofmethanolwerethen

addedandthevolumewasagainreducednhexanedis
tilledoversodiummetalwasthenaddedandthevolume
wasreducedtoabout05mlThelatterwastransferred

withnhexaneintoagraduatedtubetoavolumeof50ml
forgaschromatographicanalysis

Gaschromatography ParathionandDursbanA
HewlettPackardModel5756gaschromatographequipped
withanelectroncapturedetectorwasusedTheglasscol
umnwas6feetbyainchpackedwith1filtercoated
SE30on100200meshGasChromQThecolumntemper
aturewas180theelectroncapturedetector340CNi 63

sourceandtheinjectionport200CThecarriergaswas
argon95 methane5 andtheflowratewas60ml

perminuteanother60mlperminuteofthesamegasmix
turewasusedforpurgingthedetectorUnknownswere
quantitatedbycomparingpeakheightstothoseolastand
ardcurveFenthionAVarianAerographModel615Dgas
chromatographequippedwithathermionicdetectorwas
usedTheglasscolumnwas5feetby18inchandpacked
with5DC20012500cson6080meshGasChromQ
Thecolumnanddetectortemperaturewas180Candthe
injectionport210CTheheliumcarriergaswasheldat
19mlperminutethedetectorgasseswerehydrogen20
mlminandair175mlmin
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Results

Figures14showthestabilityoffenthionintwofield
testsandintwosetsoflaboratorytestsWhiletherateof
lossoffenthionislessindistilledwaterinbothfieldtests

thedifferencesaresmallandindicatethatwaterquality
haslittleeffectonstabilityDifferencesinthestabilityof
fenthioninthelaboratorytestswerelessFigures2and4
thanforfieldtestsWatertemperatureinfluencesthestabil
ityoffenthionbutonlytoasmalldegreeThegreatin
creaseinfenthionstabilityinthelaboratoryascompared
tothefieldtestsappearstobeduetotheeffectoflight
thisfactorwillbefurtherstudiedandmayhavesomeprac
ticalvalueegeveningratherthanmorningsprayingmay
bemoreeffectivewithfenthion

Figures58showthestabilitycurvesforDursbanAsin
thecaseoffenthionDursbanwasslightlymorestablein
distilledthaninpasturewaterinthefieldtestsbutthemag
nitudeofthedifferencesisquitesmallNotethatthetwo
fieldtestswithDursbanFigures5and7wereconducted
inthesamepastureinJulyandinSeptemberandthatthere
wasnodecreaseinstabilityastheseasonprogressedItis
apparentfromthelaboratorydatathatDursbanhasmuch

lesshydrolyticstabilitythanfenthionandthattemperature
hasamuchgreaterinfluenceTheratesofdecayofDursban
inthefieldtestswereonlyslightlygreaterthanthoseat
38CinthelaboratoryTherelativelyfastrateoflosscurve
forDursbaninwaterisinconsistentwiththerelativelylong
residualactivitiesreportedforthiscompoundinimpounded
watersLembright1968SjogrenandMulla1968Prelim
inarylaboratoryexperimentshaveshownthatDursbanad
sorbsontoorganicmatterandisthenprotectedfromhy
drolysisthiseffectispresentlyunderfurtherinvestigation
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FIGURE7 STABILITYOFDURSBANINPASTUREANDDISTILLEDWATER
UNDER FIELDCONDITIONS

Figures912showtheresultsforparathionthiscom
poundhashighhydrolyticstabilityunderfieldandlabora
toryconditionsWithparathionasforfenthionand
Dursbantheinfluenceofwaterqualityonstabilityis
smallandofnoapparentpracticalsignificanceTemperature
influencestherateoflosstoasmallextentegat8hours
thereisabout10morelossat38thanat24Cand
lightappearstohavelittleifanyeffect

Table1showsthehalflivesforfenthionandDursban

underfieldconditionsthevaluesforparathionarenotgiven
asthetimeintervalwasnotlongenoughtoallowareason
abledetermination

Formanyyearsthepossibleeffectsofalkalinepasture
wateroninsecticidestabilityhasbeendiscussedGjullin
andPeters1952studiedtheeffectofalkalinepasturewa
terontheinsecticidalactivityoftoxaphenenodifferences

Table1HalfliveshoursforfenthionandDursban
underfieldconditionsinitialconcentration01ppm

Compound PastureWater DistilledWater

Fenthion

Test1 56 68

Test2 65 74

Dursban
Test1 53 59

Test2 61 70
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werefoundwhenbioassayswereconductedwithwaterfrom
alkalineandnonalkalinesourcesTheseauthorsconcluded
Itthereforeappearsthatfailuretotoxapheneinthisarea
isduetotheresistanceofthelarvaeandnottoanyeffectof
thealkalinewateronthetoxapheneemulsionsThepres
entstudieswhichinvolvedthreeorganophosphoruscom
poundswereconductedatameaningfulconcentrationand
involvednearly400quantitativeanalysesnoevidencewas
foundthatwaterqualityexertsanimportanteffectonin
secticidestabilityWeconcludethatwaterqualityofSan
JoaquinValleyalkalinepasturesdoesnothaveanyprac
ticaleffectontheperformanceoforganophosphoruslarvi
cides

Howeveritisapparentthatthereisasignificantrelation
shipbetweenalkalinepasturesandcontroldifficultiesThe
alkalinepasturesinquestionarelocatedonhardpansoils
whichhavepoordrainagetheselandsaredifficulttofarm
andthereforeareusuallymaintainedaspermanentpas
turesratherthanbeingrotatedtootherhigherreturn
cropsasoccursinotherareasThecontinuedpresenceof
pasturesresultsinagivenareabeingtreatedveryfrequently

seasonafterseasonforthecontrolofAnigromaculisWe
believethatthisselectionpressureexplainswhyinsecti
cideresistancefirstappearsinthesealkalineareasandthat
insecticideresistanceisthesignificantcauseofcontroldif
ficulties
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Therewasnoindicationofanydecreaseinthestability
ofthecompoundstestedastheseasonprogressedthuswa
terqualitydoesnotappeartoberelatedtothisproblem
Otherfactorsthatmayaccountfortheselateseasoncon
troldifficultieswillbestudiedduringthecomingseason
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FIELDANDLABORATORYINVESTIGATIONS
ONTHECONTROLOFSUSCEPTIBLEANDRESISTANT

PASTUREMOSQUITOES

MSMullaandHADarwazeh

DepartmentofEntomology
UniversityofCaliforniaRiverside

IrrigatedpasturemosquitoessuchasAedesnigromaculis
LudlowandAmelanimonDyarposeaseriouspestprob
lemintheSanJoaquinandSacramentovalleysofCalifornia
Duetothelargeexpanseofbreedingsourcestheproblemis
acuteespeciallyinFresnoKernKingsandTularecounties
Thepasturemosquitoesareveryannoyingtofarmworkers
neighboringcommunitiesandlivestockandtheyareex
tremelydifficulttocontrolLackofadequatecontrolis
attributedtoseveralfactorssuchasdriftofcontrolagents
lackofpenetrationofcontrolagentsthroughtheplantcan
opyandtherapiddevelopmentofresistancetochlorinated
hydrocarbonsandorganophosphoruslarvicidesEmulsifiable
concentratesfailedtoachievesufficientcontrolwhenap
pliedbyairduetodensevegetativegrowthwhichprevented
thesprayparticlesfrompenetratingintothebreedingniches
Fowleretal1963IrKingsandTularecountiesthe
problemisfarmorecriticalduetothepresenceofmulti
resistantstrainsofpasturemosquitoestoorganophosphate
insecticidessuchasethylparathionmethylparathionand
fenthionBaytexLewallenandPeters1966Thenewly
developedlarvicidesincludingABATEandDursbanat
timesfailedtoachieveadequatecontrolduringthe1968
seasoninTulareCountyFurtherstudiesonresistanceare
necessarytodeterminetheextentofresistancedevelopment
toABATEandDursbaninpasturemosquitoesinthatarea

Newcontroltechniquesaswellasneweffectivemosqui
tolarvicidesareneededtocontrolthepasturemosquitoes
mostefficientlyandeconomicallyMullaetal1969ae
valuated55newcompoundsinthelaboratoryagainst4th
instarLarvaeofCulexpipiensquinquefasciatusSaythose
chemicalswhichshowedhighbiologicalactivityagainstthe
Culexspeciesinthelaboratorywerefurtherevaluateda
gainstAedesaegyptiLinthelaboratoryandCulex
tarsalisCoquilletCpeusSpeiserandAnophelespseudo
punctipennisfranciscanus McCracken inexperimental
ponds

Mullaetal1969bachievedexcellentcontrolofmos
quitolarvaeinpasturesbydrippingemulsifiableconcen
tratescontaining24Ibspergallonofactualmaterialinto
theirrigationwaterLaboratoryanalysisofmudsamplesob
tainedfromtreatedareawththedripmethodindicatedthe
persistenceofDursbaninthefieldfor21daysThefollow
ingstudieswereinitiatedlodeterminewhetheroneinsecti
cidedripapplicationwillyieldsufficientcontrolformore
thanoneirrigationandtoevaluatetheefficacyofnew
promisingmosquitolarvicidesagainstsusceptibleandresis
tantstrainsofAedesnigromaculisandAedesmelanimon

76

MethodsandMaterials

Methodsforinsecticidalevaluationinthelaboratory
weredescribedinpreviousstudiesbyMullaetal1966
Onepercentstocksolutionwvofthetechnicalgradeof
eachcompoundwaspreparedinacetoneandserialdilutions
weremadeasneededTwenty3rdand4thinstarlarvae
wereplacein100mloftapwaterper4ozdixiecupThe
properstrengthsolutionthenwasaddedtoyieldtherequired
dosageinppmImlorlessEachconcentrationwasreplicat
edtwiceandtestedtwoorthreetimesMortalitycountwas
obtained24hoursaftertreatmentandtheaveragepercent
mortalitywasplottedagainstlogconcentrationinppmona
logprobitpaperTheLC50andLC90valuesweredeter
minedbyinspectionAllsolutionswerekeptunderrefrig
erationwhennotinuse

Mosquitolarvaeevaluatedinthelaboratorywerecollect
edfromirrigatedpasturesatdifferenttimesandtestedwith
in3060minutesaftercollectionCostapasturelarvae
KingsCountywere98percentAnigromaculiswhile
SmithpasturemosquitoesKernCountyincludedboth
AnigromaculisandAmelanimonSmithpastureAedesare
knowntoberesistanttochlorinatedhydrocarbonsand
moderatelyresistanttoorganophosphatelarvicidesCosta
pasturemosquitoesarehighlyresistanttochlorinatedhy
drocarbonsandseveralorganophosphorusinsecticides

Thenewmosquitolarvicideswereevaluatedagainstpas
turemosquitoesinthefieldin132acresizeplotsTwoor
threechemicalswereevaluatedatatimeat23differentdo

sagesEachdosagewasreplicatedtwiceandtwoplotsper
testwereleftuntreatedforchecksPretreatmentand24

hourposttreatmentlarvalcountsweretakenbydipping15
dipsperplotInsecticidalformulationsusedinthetests
wereeitheremulsifiableconcentrateswettablepowdersor
granulesTheemulsifiableconcentratesandwettablepow
dersweredilutedorsuspendedin1000mlofwaterandap
pliedwithaonegallonhandsprayer

Methodsusedforinjectingthemosquitolarvicidesinto
theirrigationwaterforthecontrolofpasturemosquitoes
weredescribedinpreviousstudiesbyMullaetal1969b
Emulsifiableconcentratescontaining27poundspergallon
ofactualmaterialofABATEDursbanandfenthionwere

drippedintotheirrigationwaterbyusingeitherthecon
stantheadmeteringassemblyortheadjustableelectrical
pumpasdescribedelsewhereMullaetal1969b

ExperimentI Theelectricalpumpwassetat40per
centstrokelengthandattachedtoawellwith2000gpm
capacityAtotalvolumeof2835mlofDursbanEC4was
appliedin24hourstreating12checks50ftx4milea
mountingto18acresyieldinganaveragedosageof012
ppmAftertheDursbanapplicationthepumpstrokelength
wasincreasedto70percentand4880mloffenthionEC4
wereappliedin24hourstreating12checkssamesizeat
therateof021ppmFollowingthefenthiontreatment14
morechecks21acresweretreatedwith4380mlofABATE



EC4in24hoursattherateof020 ppmintheflowing
water

ExperimentII Theconstantheadmeteringassembly
wasutilizedtodriponegallonofDursbanEC2in24
hourstreating7checks32ft xhmileanareaof136
acresatadosagerateof011ppm015lbacreThechem
icalwasdrippeddirectlyintoawellstandThe pumpcapa
citywas1432gpm

ExperimentIIIAvolumeof6500mlofABATEEC2
wasdrippedintowaterfromawellpumping1432 gpm

Thechemicalwasappliedthroughtheconstantheadmet
eringassemblytreating7checks36ftxhmileamount
ingto14acresin24hoursatadosagerateof020 ppm
024lbacre

ExperimentIV Anelectricalpumpwasinstalledata
wellpumping2000gpmandwassetat65percentstroke
lengthtodeliver200mlperhourAftertreating14checks
50ftx14milewithABATEEC4attherateof020 ppm

in24hoursthepumpstrokelengthwasreducedtodeliver
100mlperhourtoapplyfenthionEC7attherateof
020ppmElevenchecksweretreatedwiththisrateof
fenthionfollowedwith30checkstobetreatedwith
DursbanEC4atdosagerateof010ppm

ExperimentV Avolumeof5670mloffenthion

EC2wasappliedin20hourstreating10checks32ft x

hmileamountingto20acresThechemicalwasdripped
throughtheconstantheadmeteringassemblydirectlyinto
thewaterbeingpumpedat1500gpmatadosagerateof
020ppm015lbacre

Inordertostudythepersistenceofmaterialsappliedby
thedripmethodduringthesubsequenttwoirrigationsan
areawaslocatedinSmithPasturesnorthwestcornerof
KernCountyproducingheavypopulationsduringthe1967
seasonPriortotheintroductionofthechemicalintothe

irrigationwater714checkswereirrigatedwithouttreat
mentfollowedwiththetreatedchecksFortyeighthours
afterfloodinglarvalcountwastakenbydippinginthemid
dlefourchecksofeachtreatmentandtheuntreatedchecks
Tendipsperlocationweretakenat500and1000ftfrom
watervalveinamilechecksand50010001500and
2000ftinhmilechecksThelarvicideswereapplieddur

April25 128 96

May13 215 85
June18 303 101
June26 295 74

July12 408 167

July24 473 139

August1 494 105

Nooflarvaesample

ingthefirstirrigationandthetreatedanduntreatedareas
wereinspected48hoursafterfloodingThisprocedurewas
followedafterthefirstwhenlarvicidesweredrippedsec
ondandthirdirrigationsNolarvicidewasintroduceddur
ingthesecondorthirdirrigationsSuppressionoflarvalpop
ulationsduringthesecondandthirdirrigationswasanin
dicationoftheextentoflarvicidalresiduesduringthetwo
irrigations

FenthionandCarbofurangranulescontaining2percent
ofactiveingredientswereevaluatedinirrigatedpasturesas
preandposthatchtreatmentsIntheposthatchtreatment
thegranuleswerebroadcastedbyhandandmethodsofe
valuationusedweredescribedpreviouslyfortheevaluation
ofemulsifiableconcentrateinsecticidesHoweverCarbo
furangranulesalsowereappliedbyairinSmithpastureat
therateof5lbsof2percentmaterialperacre01lbacre
actualGranuleswereappliedfrom30ftelevationcover
ing63ftinwidthperswathSlightnorthwind23mph
prevailedduringapplicationandflightpatternwasfrom
easttowestLarvalcountwastakenpriorand24hours
afterapplicationandfieldpopulationconsistedof2ndto
4thinstarlarvae

Granulesfortheprehatchtreatmentwereappliedwith
acornseeder48hoursbeforefloodingSix14milelong
checksweretreatedonecheckperconcentrationandeach
concentrationwasreplicatedtwiceBetweentreatedchecks
onecheckwasleftuntreatedtopreventthehighlyconcen
tratedwaterfrommixingwiththewaterinthecontrol
checkandwaterinchecktreatedwiththelowerconcen

trationFortyeighthoursafterfloodingthetreatedchecks
andthecontrolswereinspectedforlarvalbreedingbydip
ping50100dipspercheck

ResultsandDiscussion

SpeciesCompositioninIrrigatedPastures Samplesof
larvaeofAedesspeciesweretakenfromSmithpasturelo
catedinthenorthwestcornerofKernCountyadjacentto
KingsCountyThelarvaeweredeterminedtospeciesand
theirpercentagescalculatedTheearliestcollectiontakenon
April251968showedAmelanimontobepredominent
constituting75ofthepopulationwhileAnigromaculis
comprised25ofthepopulationTable1OnMay13

Table1SpeciescompositionofirrigatedpasturemosquitoescollectedinSmithpastureKernCountyCalifornia1968

Amelanimon Anigromaculis
Date Totalno Nosample sample

75

40

33

25

40

30

21

Nosample sample

32

130

202

221

241

334

389

25

60

66

75

60

70

79

77



Table2Activityofnewinsecticidesagainst3rdand4thinstarlarvaeofpastureAedesmosquitoesJuneAugust1968

Insecticide ChemicalDescription
Dursban 00diethyl0356trichloro2pyridylphosphorothioate
Bay78182 0chlorophenylglyoxylonitrileoxime00diethylphosphorothioate
Fenthion 00dimethyl04methylthiomtolylphosphorothioate
ABATE 0000tetramethyl00thiodipphenylenephosphorothioate
EPN Ethylpnitrophenylthionobenzenephosphonate
Bay79330 Diethoxythiophosphoryloximino26dichlorophenylacetonitrileaisomer
Methylparathion 00dimethyl0pnitrophenylthiophosphate
Bay77488 00diethylthiophosphoryl0acyanobenzaldoxime
Bay78755 Diethoxythiophosphoryloximino26dichlorophenylacetonitrileiisomer
Carbofuran 23dihydro22dimethyl7benzofuranylmethylcarbamate
Ethylparathion 00diethyl0pnitrophenylphosphorothioate
C9491 00dimethyl025dichloro4iodophenylthiophosphate
AKTON 02chloro125dichlorophenylvinyl00diethylphosphorothioate
Neopynamin 3456tetrahydrophthalimidimethyl22dimethyl32methylpopenyl

cyclopropanecarboxylate
Bay69047 00dimethyl04nitro3isopropylmercaptophenylthionophosphate
NIA17370 5Benzyl3furylmethyl cistrans22dimethyl32methyl1propenyl

cyclopropane1Carboxylete

1968theformerspecieswasonly40andthispercentage
eitherremainedthesameordeclinedfurtherwiththepro
gressoftheseasonThelastcollectiontakenonAugust1
1968showedonly21ofthelarvaetobelongtoA
melanimonandtheremaining79toAnigromaculisItis
possiblethattheratioofthetwospeciesfurtherincreased
infavorofAnigromaculistowardtheendoftheseason
Thisaspectwillbefurtherstudied

InsecticidalEvaluations Chemicaldescriptionsofthe
materialsevaluatedagainstpasturemosquitoesareincluded
inTable2Mostofthematerialsevaluatedbelongtothe

Table3LaboratoryevaluationofvariousinsecticidesagainstsusceptibleandresistantstrainsofpastureAedesmosquitoes
JuneSeptember1968

Chemical Smith Costa Resistance Smith Costa Resistance

Dursban 00004 00017 4 00007 00029 4

Bay78182 00005 00023 4 00008 00050 6
Fenthion 00005 00040 00012 00040
ABATE 00008 00050 6 00018 00100 6
EPN 00009 00021 3 00025 00042 2

Bay79330 00010 00030

Methylparathion 00012 00320 25 00024 00780 32

Bay77488 00012 00021 2 00024 00042 2

Bay78755 00015 00030

Furadancarbofuran 00027 00230 10 00060 00450 7

Ethylparathion 00030 00450 16 00060 01200 20
C9491 00030 00086 3 00065 00155 2
AKTON 00030 00065

Neopynamin 00070 00070 2 00070 00140 2

Bay69047 00070 00100 2 00100 00320 3
NIA17370 0002 00400 20 00400 00600

78

generalgroupoforganophosphorusinsecticides

Mostofthematerialswereevaluatedagainstamoderate
lysusceptibleandahighlyresistantstrainofpasturemos
quitoesTable3DursbanBay78182ABATEfenthion
EPNandBay79330werehighlyeffectiveagainstbothre
sistantandsusceptiblestrainsofpasturemosquitoesBased
ontheLC90ppmlevelsofallthechemicalsevaluated
CostapastureKingsCountylarvaewere232timesmore
toleranttothesechemicalsthanwereSmithpasturelarvae
KernCountyCostapasturelarvaewere2timesmorere
sistanttoEPNBay77488C9491andNeopynamin3

LC50ppm x LC90ppm x



Table4FieldevaluationofnewlarvicidesagainstpastureAedesmosquitoes

Chemicaland

formulation

C9491EC3

C9491EC3

C9491EC3

AKTONEC2
AKTONEC2
AKTONEC2

Bay79330EC4
Bay79330EC4
Bay77488EC4
Bay77488EC4
Bay77488EC4
Bay78755EC4
Bay78755EC4
Bay78755EC4

Bay7984575 WP

Bay7984575 WP

Bay7984575 WP

Bay7554650 WP

Bay7554650WP
Bay7554650 WP

timestoBay690474timestoDursban6timestoBay
78812andABATE7timestocarbofuran20timesto

ethylparathionand32timestomethylparathionascom
paredtoSmithpasturelarvae

Table4showsseveralchemicalswhichwerehighlyeffec
tiveforthecontrolofpasturemosquitoeswhenappliedas

Table5EvaluationofgranularinsecticidesagainstlarvaeofAedesinirrigatedpastures

Chemicaland

formulation Source CarrierandSize

Fenthion2
Fenthion2

Check

Carbofuran2
Carbofuran2
Carbofuran2

Check

Carbofuran2
Carbofuran2

Check

Carbofuran2
Carbofuran2
Carbofuran2

Check

SmithPasturesKernCounty

OccChem

OccChem

Niagra
Niagra
Niagra

Dosage
lbacre

001 43 2 95

005 38 0 100

010 51 0 100

001 21 2 90

005 41 1 98

010 84 0 100

Check 24 28 0

005

010

005

010

020
005

010

020

Check

001

005

010

001

005

010

Check

Fertilizer1020
Fertilizer1020

Niagra SandCore1530
Niagra SandCore1530
Niagra SandCore1530

Niagra SandCore1530
Niagra SandCore1530

SandCore1530
SandCore1530
SandCore1530

2CostaPasturesKingsCounty

Averagenumber
oflarvaedip

Pretreat

12

18

36

65

45

50

37

72

42

116

175

248

130

161

233

114

PreHatch

005

010

025

Posttreat

2

1

3

3

2

3

2

3

45

51

2

3

43

2

4

129

mortality

84

94

92

95

96

94

95

97

0

53

99

99

67

99

99

0

anaqueoussprayCompletecontrolwasobtainedwith
C9491at005lbsperacreandAKTONBay78182Bay
75546andBay79845atarateof01lbsperacreyielded
100controlofthelarvaeBay77488Bay79330Bay
69047EPNandNIA17370yielded96948676and57

percentmortalityrespectivelyat01lbsperacre

Dosage Averagenooflarvaedip
lbacre Pretreat Posttreat Mortality

PostHatch

010 155 0 100

020 170 0 100

165 180 0

005 12 3 83

010 11 1 85

025 9 0 100

9 13 0

010 11 015 99

020 19 015 99

13 26 0

3 66

4 59

0 100

9 0

79



AFirstirrigationwithtreatment
BSecondirrigationwithouttreatment
CThirdirrigationwithouttreatment

ResultsoffenthionandcarbofurangranulesinTable5
indicatebothchemicalswereeffectiveagainstbothstrains
oflarvaewhenappliedat01lbsperacreHowevercom
pletemortalitywasachievedwithfenthionandcarbofuran
intheposthatchtreatmentsat01lbsperacreCarbofuran
aerialapplicationalsoachievedcompletecontrolatthe
samerateOnly025lbsperacreofcarbofuranrendered
completecontrolintheprehatchtreatmentThiscouldbe
duetopossiblelackofpenetrationofpasturegrasswhen
thematerialswereappliedAerialapplicationofgranules
wouldyieldbetterpenetrationandthereforewouldbe
moreeffective

Dripapplication FrompreliminaryinformationMulla
eta11969aoneinsecticidalapplicationwiththedrip
methodcouldcontrolmosquitolarvalbreedinginirrigated
pasturesforseveralsubsequentfloodingsInordertodeter
minetheeffectivenessofoneapplicationduringsubsequent
floodingirrigatedpasturesweretreatedattherateof010
ppmofDursbanand020ppmofABATEandfenthionRe
sultsarepresentedinTable6whichshowthatfenthionat

020ppmgavecompletecontrolinbothand1milelong
checksforoneirrigationonlyAttherateof011 ppm

Dursbanyieldedcompletecontrolduringthefirstflooding
in12milechecksandupto2000ftfromthewatervalve
duringthesecondandthirdirrigationAlsocompletecon
trolwasobtainedwithDursbanin milechecksfortwo

consecutiveirrigationsat012ppmDursbanat01ppmin
anothertestfailedtocontrolmosquitobreedinginamile
80

Table6Mosquitolarvicidespersistenceinirrigatedpastureswhendrippedintoirrigationwater

Averagenooflarvaedipatindicateddistancefromwatervalveft
Chemicaland Dosage 500 1000

formulation PPM lbacre A BC A B C

DursbanEC4 010

Check

DursbanEC2 011

Check

DursbanEC4 012

Check

ABATEEC4 020

Check

ABATEEC4 020
Check

ABATEEC2 020

Check

FenthionEC2 020

Check

FenthionEC7 020
Check

FenthionEC4 020
Check

0 3 14 9 22 25
107 6455 134 54 80

015 0 0 0 0 0 0

dry dry dry 28 49 29

0 017 0 0 27
18 7983 140103 83

0 1 11 0 23 19

108 6455 134 54 80
0022 0 0 0 0 1 57

18 7983 140103 83
024 0 0 0 0 0 41

dry dry dry 107 82 122
015 0 0 0 2

dry dry 0 4

0 520 0 31 68

108 6455 134 54 80

0 30dry 0 51 68

18 7983 140 103 83

1500 2000

A B C A B C

0 0 1 0 81 168
81 120 70140 175 169

4 8 41 158 132 123
129104 128171 134 140

0 14 0 30

2 18 25 27

checkspossiblyduetothebackingupoftailwateratthe
lowerendofthefieldleadingtoincompletecontrolatthe

lowerendofthefieldABATEalsopreventedlarvalbreeding
inamilechecksat020ppmfortwoconsecutiveirrigations
exceptwheretailwaterwaspresentinthelowerendofthe
fieldInthistreatmentlarvaewererecoveredbydipping
afterthesecondflooding1000ftfromwatervalveIn
milelongchecksthesamerateofABATEpreventedlarval
breedingupto1500ftandreducedbreedingconsiderably
upto2000ftduringthetwosubsequentirrigationsNocon
trolwasobtainedbeyond2000ftfromwatervalvedueto
thepresenceofcattletracksacrossthelowerendofthe
fieldwhichpermitteduntreatedwatertomixwiththe
treatedwaterAlsotailwaterfromtheadjacentuntreated
checksmighthavebackedupintothetreatedarea

Assessmentoflarvalbreedinginsmallplotswheretail
watercamefromuntreatedchecksandmixedwithwater
fromthetreatedchecksposessomeproblemsInthefinal
analysissuchassessmentshouldbecarriedoutinlargeplots
usingonehalformoreofagivenfieldfortreatmentand
theotherhalforlessasuntreatedplotItisdesirabletouse
thefirsthalfofthefieldirrigatedfirstfortreatmentand
theremainingportionforuntreatedchecksThisscheme
willlikelyresultinproperevaluationofthelongtermef
ficacyofdripapplicationofmosquitolarvicides

StripPreHatchTreatmentofIrrigatedPasturesOneex
perimentwasconductedinwhich2granularformulations



ofcarbofuranwereappliedattherateof02lbacreactual
Onehalfmilelongpasturechecksweredividedinto4
quarterstheupperthesecondthethirdandthefourth
quarterfromthevalveEachquarterwasabout600feet
long

Thefirstandsecondquartersweretreatedwiththegran
ulespriortofloodingItwastheintentoftheexperimentto
findiftheirrigationwaterwillcarryenoughtoxicantfrom
thetreatedtotheuntreatedquarterThedataobtained
showedthatgoodcontrolofAedesspeciescouldbeobtain
edintheuntreatedquartersThisaspectneedsfurtherin
vestigationsincetreatmentofpasturesinthismannerpro
videsformoreeconomicalcontrolofpasturemosquitoes
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In1967nearly15millionacresofbreedingsourceswere
treatedbyairformosquitocontrolinCaliforniaBurgoyne
etal1967Therecentincreaseinacreageallotmentfor
riceproductiontomeettheworldfooddemandandthe
completionoftheCaliforniaFeatherRiverWaterProjectin
thenearfuturewillindeedintensifythemosquitoproblem
inCalifornia

Atthepresenttimethemostcommonlyusedorgano
phosphorusmosquitolarvicidesareABATE fenthion

ethylparathionmethylparathionandthenewlyregistered
insecticideDursban Thefrequentandwidespreaduseof
chemicalsforthecontrolofAedesinpasturesandCulex

andAnophelesspeciesinricefieldsandwaterfowlmarshes
isamajorfactorcontributingtothedevelopmentofphys
iologicalresistanceRecentstudiesonirrigatedpasturemos

quitoesAedesnigrornaculisLudlowandAedesmelanimon
Dyarandotherspeciesindicatedthepresenceofresistance
tofenthionmethylparathionandethylparathionincer
tainareasofKingsandTularecountiesinCalifornia
Womeldorfetal1968Mullaetal1964Lewallen1966
alsoreportedcrossresistancetoABATEinthosestrains

whichareresistanttofenthionethylandmethylparathion
Newandeffectivematerialsareurgentlyneededassubsti
tuteswhereresistancehasbecomeacriticalproblemThe
followingstudieswereconductedtofindnewandeffective

larvicidesforthecontrolofresistantaswellassusceptible
strainsofmosquitoes

MethodsandMaterials

LaboratoryInthelaboratorythenewcompoundswere
evaluatedagainstasusceptiblestrainofCulexpipiens
quinquefasciatusSayThemosteffectivechemicalswere
thenscreenedandtestedagainstalaboratorystrainofAedes
aegyptiLThemethodofevaluationemployedisdes
cribedinpreviousworkbyMullaetal1966Onepercent
stocksolutionwvofthetechnicalgradeofeachcom
poundwaspreparedinacetoneandserialdilutionsof
theseweremadeasneededTwenty4thinstarlarvaewere
placedin100mloftapwaterina4ozwaxtreateddixie
cupTheproperstrengthsolution1mlorlessthenwas
addedtoyieldtheeffectiverangeofconcentrations
Eachmaterialwastestedatleastthreetimestworeplicates
perconcentrationMortalitycountwasobtained24hours
aftertreatmentandtheaveragepercentmortalitywasplot
tedagainstlogconcentrationinppmonlogprobitpaper
AstraightlinewasfittedbytheeyeandtheLC50and
LC90valuesinppmweredeterminedfromtheconcentra
tionresponseline

FieldFieldevaluationsofthenewinsecticideswerecon

ductedinexperimentalfreshwaterpondsinKernCounty
SanJoaquinValleyandtheCoachellaValleyofsouthern
California

ABearMountainPondsBakersfieldCalifornia
Thesepondslocated15milessouthofBakersfieldare

132or116acreinsizeThepondswerefilledwithwater
fromanirrigationcanalWaterdepthinthepondswasmain
tainedat12byfloodingthepondstwiceaweekWater
pHwas7580Eachdosagewasreplicatedtwiceandtwo
pondswereleftasuntreatedchecksAknownvolumeof
emulsifiableconcentrateformulationswasdilutedwith

1000mloftapwaterandappliedwithaonegallonhand
sprayerTendipsweretakenperpondpriortoand24hours
aftertreatmentAllorganismsrecoveredbydippingwere
recorded

BCoachellaValleyPondsOasisCalifornia
Thesepondsare20x20feetinsizeAwoodenplank

2ftabovewatersurfaceextendsabout10ftintoeachpond
Thepondsarelocatedinahighlyalkalinehabitatnearthe
upperendofSaltonSeaThewaterforfloodingthese
pondscomesfromanartesianwellThewateriscarried
throughundergroundpipesintothepondsWaterlevelwas

81
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maintainedata12depthbymeansoffloatvalvesWater
fromthewellhadapHof90andtheaveragepHofwater
inthepondswas925

InexperimentsIandIIemulsifiableconcentratemate
rialsweremixedwith200mlofwaterandappliedwitha
onehalfgallonhandsprayertoeachpondfromthewooden
plankThespraywasappliedasafinejetstreamreaching
out1015feetInexperimentIIIandIVtheemulsifiable
concentratesandpetroleumoilsweredilutedwith140ml
ofwaterandsprayedintheabovemannerForsampling
mosquitolarvaeandnontargetinsectsfivedipsperpond
weretakentwofromthesidesandthreefromthecenterof
eachpondWaterfromall5dipswasstrainedthrougha
strainerprovidedwith125meshstainlesssteelscreenThe
livingmaterialinasmallamountofwaterwastransferred
to11dramplasticvialstowhich95alcoholwasadded
forpreservingAlllarvalstagesandpupaewerecountedun
deradissectingmicroscopeinthelaboratorySampleswere
obtainedbeforetreatmentand3410and14daysafter
treatment

IntheremainingexperimentsIIIVfivedipsweretak
enfromthevegetatedareasalongtheedgesoftheponds
Thefivedipsagainwerecompositedandconcentratedin

Table2EvaluationofnewinsecticidesagainstCulextarsalisinfreshwaterpondsKernCounty

Chemicaland
formulation

Bay77488EC50

Bay77488EC50

Bay77488EC50

AKTONEC25

AKTONEC25

AKTONEC25

Bay69047EC25

Bay69047EC25

Bay69047EC25

1P Mosquitopupae
B Belastomatids
DBA Divingbeetleadult

Dosage Averagenumberoflarvaedip
lbacre Pretreatment Posttreatment

001 51

005 37

010 20

001

005

010

001

Check

33

16

14

46

005 43

010 21

toonesampleandpreservedinalcoholMosquitolarvaeand
pupaeandotheraquaticorganismswerecountedinthelab
oratoryunderadissectingmicroscope

Effectsofinsecticidesandpetroleumoilsonnotonectids
wereevaluatedbysweepingthepondswithaplanktonnet
Twodipnetsweepsperpondweretakenintheshadyarea
oftheplankfifteentotwentyminutesaparttoallowthe
populationtoresettleThenotonectidsinvariablycongre
gateinshadeoftheplankinthewaterNotonectidsamples
wereobtainedpriortotreatmentand1414and21days
aftertreatment

ResultsandDiscussion

Fiftyonenewmaterialswereevaluatedinthelaboratory
againstasusceptiblestrainofCpipiensquinquefasciatus
ThirtyoneofthesehadLC90valuesof0150ppmorTess
againstthisspeciesandarelistedinTable1Elevenmateri
alswereeithermoreeffectiveoraseffectiveasfenthiona

commonorganophosphatelarvicideusedformosquitocon
trolinCaliforniaTheremainingmaterialswerelesseffec
tivethanfenthionThirteenofthemosteffectivecom

poundswerealsotestedagainstAaegyptiMaterialsthat
hadanLC90higherthan0150ppmagainstCulexarenot

11

05

02

15

02

01

14

0

01

30 36 0

DBL Divingbeetlelarvae
C Corixids
MFN Mayflynaiads

DFN Dragonflynaiads

Mortality Remarks

78 PDBA
BDFN

MFNDBL
alive

87 BP
DBLDBA

alive

90 PB
MFNDFN

DBLC
alive

54 BDFN
MFNDBL

alive

88 DBAP
DFNC

alive

93 PDBL
BDFN

alive

70 PB
DBA
alive

100 BDFN
PDBL

alive

95 DBLC
Balive

83



Table3EvaluationofnewinsecticidesagainstCulextarsalisinOasisWaterPondsPh995MarchApril1968

Averagenumberoflarvaeandpupae5dipsample
Chemical Posttreatmentdays
formulation DosagePretreatment 3 7 10 14

lbacre 12 34 P 12 34 P 12 34 P 12 34 P 12 34 P

Experiment1
Bay79330
EC50 001 9 27 5 15 25 4 14 9 5

005 25 34 9 3 6 4 4 2 2 11 0 1 70 19 0
010 10 26 3 6 2 4 8 0 0 26 4 4 51 20 0
025 7 47 63 3 0 2 17 0 0 2 0 1 26 0 0

C9491

EC33 0005 7 13 2 4 1 6 16 1 1 3 3 1 21 10 2
001 7 19 13 4 0 6 14 0 0 25 5 0 91 9 0
005 13 14 4 1 0 1 12 0 0 23 2 0 60 13 0

Bay78755
EC50 001 9 9 4 5 2 7 4 7 1 5 2 1 9 7 2

005 22 18 4 16 1 5 8 0 0 8 1 2 11 10 0
010 11 28 4 11 0 3 33 0 1 21 10 0 38 20 0

Check 9 30 9 18 25 7 16 48 8 14 3 4 23 8 2

ExperimentII
NIA17370
EC25 010 27 22 36 9 15 26 132 9 4 36 31 6

025 26 7 11 11 1 1 47 2 1 97 23 1
050 74 46 14 6 2 4 71 2 2 103 43 1

Carbofuran

2 gran 010 29 84 13 21 52 11 69 17 9 177 27 3
025 14 27 5 5 3 6 33 3 4 57 14 0

Check 6 9 1 14 4 4 23 8 2 20 7 0

Table4EffectivenessofnewinsecticidesagainstCulextarsalisstudiedinOasisPondsMarchApril1968

Avgnumberoflarvaedip Avgnumberoflarvaedip
beforeandaftertreatment beforeandaftertreatment

Chemicaland Dosage Pre Chemicaland Dosage Pre
formulation lbacre treat 1 7 14 21 formulation lbacre treat 1 7 14 21

Bay69047 JrerimentIII
EC25 001 16 3 5 5

005 6 0 4 14
ExperimentIVcont010 22 0 2 12

Bay77488
EC50 001 5 1 3 7 SD9098

005 9 2 6 14 AKTON
010 19 0 18 15 EC25 0005 10 2 6

Check 17 20 18 001 13 0 0 1

ExperimentIV
005 8 1 0 1

Bay78182 R

010 7 0 0 0 0

EC25 0005 11 4 4 9
Neopynamin

001 16 2 15 15
EC20

00 19 0
15

14
WSynergist 005 26 8 5

010 35 4 30
010 14 0 0 14 025 8 0 1 4

Bay78755
050 5 0 0 2 0EC50 0005 12 10 7 7 6 Neopynamin001 9 3 4 3 7 EC20

005 10 0 3 12 WOsynergist005 14 8 3 7 5
010 7 0 4 10 010 11 3

GS6506
025 24 1 2 5 6

EC50 005 4 0 0 0 2 050 15 3 10 10 1
010 31 0 0 3 6 Check 12 19 6 4 7
025 15 0 0 5 8
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includedinTable1Theywere

AC72232C8353C8514C9643C10015C10573
CP49674CP53926Dupont11791642GC9879GS
10128GS13798LanateN3727N4543NIA10559
NIA10586R3422R11163SD9129UC21427UC
22463andUC25074

Threeorganicphosphateinsecticideswereevaluatedin
freshwaterpondsnearBakersfieldCaliforniaagainstlarvae
ofCulextarsalisCoqTable2ThethreematerialsBay
69047Bay77488andAKTONwerequiteeffectivethe
formercompoundbeingthemosteffectiveofthethree
Noneofthematerialsattheindicatedratesshowedhigha
cutetoxicitytothenontargetorganismsshowninTable2

Severalnewmaterialswereevaluatedinfreshwaterponds
establishednearOasisintheCoachellaValleyofsouthern

CaliforniaInexperimentsIandIITable3younglarvae
1stand2ndstageolderlarvae3rdand4thstageand
pupaewerecounted

Inthesestudiesabsenceof3rd4thstagelarvaeandpupae
isacriterionforcontrolOvipositioninthepondswas
heavyandyounglarvaeespecially1ststagewereoften
foundinthetreatedpondsLongexposuretotheinsecti
cidalresiduesorpredationbynaturalenemieseliminated
thelarvaebeforereachingthethirdfourthorpupalstage

Bay79330gavecontrolat025lbacreratebutnotat
lowerratesC9491essentiallygavethesamelevelofcon
trolatthetwohigher001and005lbacreratesItwill
bepointlesstoapplythischemicalatthehigherratebe
causeofitspossiblehazardstonontargetorganismsBay
78755alsoproducedsimilarreductionatthetwohigher
rates005and01lbacreNIA17370relatedtopyreth
rinsproducedmoderatecontroloflarvaeandpupaeini
tiallybutthemosquitopopulationincreasedsoonafter
treatmentCarbofuranappliedasgranulesdidnotyield
sufficientcontrolattheadministeredrates

Petroleum

oil

Toxisol

FLC

Toxisol

TB

Flit
MLO

Check

Gal Pretreatment 2

acre 12 34 P 12 34 P

05 12 3 0
10 3 3 0

20 11 2 0
40 10 4 1

10 2 4 1 2 3 2
20 5 4 2 2 1 0

40 4 5 1 0 0 0

10 10 2 0

20 7 2 0
40 5 3 1

6 3 0

8 3 1

1 1 0

0 1 0
0 1 0

6 2 0
1 0 0
1 0 0

6 1 0

InexperimentsIIIandIV6organophosphateinsecti
cidesandNeopynaminwereevaluatedHerethetotal
numberoflarvaeconsistingofallstageswerecounted
Table4Bay69047andBay77488controlledmosquitoes
forlessthanaweekatthehighestrateof01lbacre
Larvalpopulationsincreasedconsiderablytwoweeksafter
treatmentBay78182and78755alsoyieldedasimilarlevel

ofcontrolastheabovetwomaterialsGC6506gaveexcel
lentcontrolforabouttwoweeksatallratesusedAKTON

SD9098yieldedalmostcompletecontrolatthethree
higherratesof001005and010lbacreThismaterial
althoughhavinglowactivityinthelaboratoryholdsagood
promiseinfieldcontrolprogramsNeopynaminwithsyn
ergistaddedprovedmoreeffectivethanwithoutsynergist
givinggoodcontrolat05lbacreofactualmaterial

ThreepetroleumoilsToxisolFLCFluidLightCyclea
paraffinicoilToxisolTBanisoparaffinicoilbothfur
nishedbytheAtlanticRichfieldCorporationandFlit
MLOMosquitoLarvicidalOilfurnishedbyEssoEngineer
ingResearchCorporationwereevaluatedinthepondsa
gainstCtarsalisYoungandoldlarvaeandpupaewere
countedTable5

ToxisolFLCgavegoodcontrolforaweekat2and4
gallonsperacreToxisolTByieldedessentiallythesamere
sultsFlitMLOgavecompletecontrolat2and4gallons
peracrefor3weeksafterwhichtheexperimentwaster
minatedAtthelowestrateFlitMLOdidnotyieldahigh
levelofcontrol

NontargetOrganisms Thenumbersofmostofthe

naiadsofanisopteranOdonatasampledweresmallItisdif
ficulttodrawanydefinitiveconclusionsastotheeffectsof
theinsecticidesusedontheseorganismsHowevercertain
trendsareobviouswhichareworthnoting

TheaeshnidAnaxspnaiadswerenotmarkedlyaffected
byanyoftheinsecticidesexceptbyGC6506forashort
periodoftimeSimilarlylibellulidnaiadswerenotaffected

Table5ControlofCulextarsaliswithpetroleumhydrocarbonsevaluatedinbreedingpondsOasisCalifornia

Averagenumberoflarvaeandpupaedip
Posttreatmentdays
7 14 21

12 34 P 12 34 P 12 34 P

9 2 0
4 2 0

4 0 0
0 0 0

2 0

3 1

1 0

4 0
0 0

0 0

9 1

18

10

13

6

5
3

6

6

0

0

0

0

0 5 2 0

1 5 3 0

0 0 1 0

0 6 2 0

0 0 0 0

0 0 0 0

0 8 4 0

ToxisolFLCandTBcontained1 Atlox1256anonionicsurfactantFlitMLOalsocontained1 ofanunknownadditive

4 2 0

12 2 0

1 0 0
1 0 0

7 6 0
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Table6Effectsofvariousnewmosquitolarvicidesonnaiadsofdamselfliesandmayflies

Totalnumberofnaiadsper5dipsbeforeanddaysaftertreatment
Materialand Coenagrionidae Baetidae

formulation lbacre pre 1 7 14 21 pre 1 7

Bay69047
EC25

Bay77488
EC50

Bay78182
EC25

Bay78755
EC50

AKTON
EC25

Neopynamin
EC20

Neopynamin
EC20

WOsyn

86

Check

001 5 9 3 1

005 8 2 3 2
010 1 2 0 0

001 6 6 13
005 16 12 9
010 7 4

0005 12 8 27 6
001 9 2 12 16
005 4 4 2
010 2 0 0 0

0005 0 4 1 0
001 6 10 7 3
005 23 6 20
010 2 4 2

Check 6 12 15 2

GC6506
EC50 005 14 2 5 2

010 24 0 2 2
025 16 2 0 0

001 15 7 1 3
005 9 3 1 0
010 59 4 0 0

WSynergist 010 8 4 6 3
025 9 3 5 4

050 7 1 2 7

010 15 7 1 3
025 10 6 3 3
050 7 1 0 21

2 14 3 2

Markedmortalityandorlackofrecovery

Thesenaiadsaregenerallybenthicbrowsingatthebottom
oftheponds

ThedamselflynaiadsCoenagrionidaeweresampledin
relativelylargernumbersTable6Bay78182at01lbacre
markedlyaffectedthesenaiadsSimilarlyGC6506caused
considerablemortalityofthesenaiadsAKTONatthetwo
higherrates005and01lbacrealsoaffectedthemThe
recoveryofthesenaiadswasslowanddidnotoccurduring
thedurationofthestudiesfor3weeksaftertreatment

MayflynaiadsBaetidaewerethemostsusceptiblenon
targetinsectsstudiedTheywereeliminatedbyalldosages
ofBay69047testedbuttherecoverywasrapidandthe
naiadsreappeared3weeksaftertreatmentAlthoughBay
77488causedmarkedmortalityofmayflynaiadstheyre
populatedthetreatedpondswithintwoweeksaftertreat

5

0
5

1

44 0 10 19

13 0 0 14

35 0 0 3

14 3 59

5 0 86

8 1

11 3 8 7

16 0 5 17
22 8 1

14 1 0 1

2

4

8

0

69 98 79 80
26 4 181 246
43 22 4 25

10

8 0 0 4

82 0 5 41
17 0 0 15

14 21

80

3 0 4 10

7 11 6 2

32 0 29 1

8 3 15 2

25 78 47

18
145

53

1 25 23 0 2 9
0 71 0 0 0 0
0 13 0 0 0 0

25 23 0 2
56 79 80 116

208 800 272 450

47 71 56 62 110

mentThesametrendwasobviousforBay78182andBay
78755AKTONcompletelyeliminatedthenaiadsandthe
populationdidnotrecoverduringthe3weekposttreatment
periodexceptatthelowerrateof001lbacreNeo
pynaminhadnomarkedeffectonthemayflynaiads

NotonectidsmostlyBoenoaandNotonectasppwere
notaffectedbyBay69047treatmentsTable7Bay
77488affectednotonectidpopulationsforashortperiod
butrecoverywasgoodwithinaweekaftertreatmentBay
78182wasquitetoxictonotonectidsatthetwohigher
ratesandrecoverywasslowBay78755didnotaffectthe
notonectidsnordidGC6506AKTONatthethreehighest
ratesaffectednotonectidsandrecoveryatthehighestrate
010lbacredidnotoccurduringthe3weekstudyper
iodNeopynamindidnotaffectnotonectidstoanymark
eddegree



Table7Toxicityofvariousnewinsecticidesagainstnotonectidsinfresh waterpondsOasisCalifornia

Avgnumbernotonectidssweepdip AvgnumbernotonectidssweepdipMaterial beforeanddaysaftertreatment Material beforeanddaysaftertreatment
formulation pre formulation pre

lbacretreat 1 7 14 21 lbacretreat 1 7 14 21

Bay69047 AKTON
EC25 001 95 70 40 180 EC25 0005 500 80 100 80005 105 70 85 150 001 105 31 10 25 45010 60 20 55 150 005 135 02 00 10 10Bay77488 010 105 00 00 00 00EC50 001 40 390 80 105 Neopynamin

005 265 10 20 50 EC20
010 25 10 50 WSynergist005 200 90

Check 115 60 105 100 010 80 90

Bay78182 025 95 175 75 320 31
EC25 0005 225 160 35150 050 160 30 260 180

001 55 180 50 115 Neopynamin
005 200 00 00 20 70

EC20

010 165 00 00 10 20 WOsynergist
Bay78755 005 315 225 190 555 315

EC50 0005 150 115 25 75 50
010 135 235 40 10 05

001 150 135 100 435 235
025 180 115 240 440
050 260 65 180 240005 10 90 35 115

010 40 40 80 155 Check 100 100 115 255
GC6506
EC50

Table8Effectofpetroleummosquitolarvicidaloilsonsomeimmaturenontargetinsectsinexperimentalbreedingponds
OasisCalifornia

Petroleumoil Galacre

ToxisolTB

FlitMLO

Check

005 120 245 160 435 605
010 185 150 225 365 385
025 115 175 95 430 180

Over90ofthenotonectidsaresmallnektonicformThelarger
onesusuallyarebenthicandnotmanywererecoveredbythesam
plingtechnique

2Shady

Totalnumbernaiads10dipsdaysaftertreatment
Aeshnidae Coenagrionidae Baetidae

Pre 1 7 14 Pre 1 7 14 Pre I 7 14 21

ToxisolFLC 05 30 37 6 13 2 17 9 17 22 59 49 109

10 11 12 2 8 3 3 26 35 27 36 26 126
20 20 10 3 17 2 5 12 10 53 35 151
40 10 1 4 2 6 12 17 2 8 80

10 12 3 3 7 18 29 6 11 46

20 38 4 3 10 23 18 15 25 13
40 22 6 1 11 20 12 21 30 7 78

10 22 24 11 12 5 4 20 32 54 71 1544
20 35 23 14 10 4 7 19 18 26 66 6 736
40 31 31 6 2 5 11 8 29 31 23 5 112

26 29 8 7 5 15 16 18 33 53 67 70113

1ToxisolFLCandTBwereadded1Atlox1256anonionicsurfactantFlitMLOalsohad1ofanunknownadditive

2Eachtreatmentreplicatedtwiceand5dipssamplingapproximately200300mlofwatereachweretakeninvegetatededgesofeachpond
Markedmortalityandorlackofrecovery
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Table9Toxicityofvariouspetroleumhydrocarbonmos
quitolarvicidesagainstrotonectidpopulationsinexperi
mentalbreedingpondsOasisCalifornia

Petroleumgals
Oil acre

3Shady populationmorespreadout

Averagenumberdipsweep
beforeanddaysaftertreatment

pre
treat 1 7 14 21

Toxisol

FLC 05 86 75 60 250 90

10 280 165 70 120 35
20 190 22 20 60

40 420 20 15 25 80

Toxisol

TB 10 350 200 115 25

20 250 120 70 150

40 260 20 30 90 90

Flit
MLO 10 190 25 70 140 30

20 180 00 35 75 20

40 180 00 10 20 42

Check 100 140 40 100 100

1Containing1Atlox1256anonionicsurfactantFlitMLOhad
1unknownadditive

2Replicated4timesallothertreatmentsreplicated2times

Thethreepetroleumoilsstudiedearlieragainstmos
quitoesdidnotinfluenceanyoftheodonatannaiadsstud
iedTable8Themayflynaiadshoweverwereadversely
affectedbythetwohigherratesofToxisolFLCandall
threeratesofFlitMLORecoveryoccurredwithin3weeks
aftertreatment

Notonectidsweremarkedlyaffectedbythe2and4gal
lonratesofToxisolFLCand4gallonrateofToxisolTB
Table9FlitMLOprovedhighlytoxictonotonectidsat
allthreeratesofapplicationSlightrecoveryoccurredwith
in2weeksafterapplication

Itshouldbepointedoutthatthestudiesdealingwiththe
effectsofmosquitocontrolagentsonnontargetorganisms
arepreliminaryinnatureSincetheyshowcertaininterest
ingrelationshipstheresultsarepresentedhereThosema
terialswhichaffectnontargetpopulationdensitydirectlyor
indirectlycouldposeaserioushazardtothenontargetor
ganismsUndernormalmosquitocontroloperationstreat
mentswillbemadesemimonthlyUndersucharegimeof
treatmentprogramsthenontargetorganismswhenaffected
byagivencontrolagenwillhavenoopportunitytore
boundThereforeattemptsshouldbemadetousematerials
thatposelowlevelofhazardsatmosquitolarvicidalratesto
thenontargetaquaticorganisms
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THEIMPACTOFDURSBANONPONDECOSYSTEMS

StuartHHurlbert

DepartmentofEntomology
UniversityofCaliforniaRiverside

ABSTRACT

TheeffectsofDursbanonthephytoplanktonandin
vertebratepopulationswerestudiedinanexperimentwhere
Dursbanwasappliedtosmallpondsthreetimesatbiweekly
intervalsFourpondswerekeptascontrolsfourweretreat
edat0025lbsacreandfourweretreatedat025lbsacre

Atbothratesthetotalinsectandtotalcrustaceanpopula
tionsweregreatlyreducedSomeinvertebratesegbeetles
weremuchlesssusceptibletoDursbanthanwereothers
egmayfliesmostcrustaceansandlarvalstageswere
moresusceptiblethanwereadultsThelowerrateof
Dursbanappearedtostimulatethehatchingoftheeggsof

tadpoleshrimpTriopslongicaudatusThustheuseof
Dursbantocontrolmosquitoesintadpoleshrimpinfested
ricefieldscouldincreaseshrimpdamagetoriceseedlings
Phytoplanktonpopulationsincludingdiatomsandblue
greenalgaeincreaseddramaticallyintreatedpondsIncon
trolpondsphytoplanktonpopulationsweremaintainedat
comparativelylowlevelsbythegrazingofcrustaceansSim
ilarincreasesinphytoplanktonmustoccurwhenanyin
secticideisusedinanaquatichabitatasallinsecticides
probablyarehighlytoxictoplanktoniccrustaceansThein
ductionofbluegreenalgalbloomsbyinsecticidesissignif
icantinthatsuchbloomscanbetoxictohumansandlive

stockcancausefishkillsandgenerallydiminishwater
qualityfromtheviewpointofdomesticandrecreationaluse



ANOPHELESMOSQUITOCONTROLPROBLEMS
INTHENORTHERNSACRAMENTOVALLEY

WilliamHazeltineandElmerKingsford
ButteCountyMosquitoAbatementDistrict

OrovilleCalifornia

Areviewoftheliteratureonricefieldmosquitoesinthe
SacramentoValleyanddiscussionsaboutAnophelescon
trolwithlongtimeresidentsrapidlypointuptwothings
Firstthericefieldmosquitoeshavebeenthesubjectofa
largeamountofworkSecondtheseverityoftheAnopheles
partofthericefieldmosquitocomplexseemstohaveper
sistedforthepast20yearswithvaryingamountsofcontrol
success

Wewanttolookparticularlyatcontrolproblemswith
outgettinginvolvedinallthedetailsofahistoricalliterature
reviewandconsiderationoftheextensiveliteratureon

AnophelesecologyasabroadsubjectOurintentionisto
lookspecificallyatthecontrolsavailabletodayandplans
forworkinthefuture

WeknowfromourownexperiencethatAnophelesprob
lemsexistinthevalleypartsofButteColusaGlennSutter
andYubacountieswhereabout75ofthe1968riceacre

agewaslocatedWesuspecttheproblemexistsinmostof
theareaswhicharesuitableforriceproductionbutper
hapsatlessseverelevelsbecauseoffeweracresofriceor
perhapsthemoresoutherlylocations

PARATHION

ButteCounty11Tests196668

0001PPM 001PPM

CurrentAnophelesControlWork

AtthepresenttimethebiologicalcontrolworkofDr
Washino1968 previousatDavisisabouttheonlybright
spotintheAnophelespictureThereareotheruniversity
biologicalcontrolprogramsbutthisistheonlyonewe
knowaboutatthepresenttimewhichisricefieldandcon
troloriented

LastyeartheColusaexperimentWhitesell1968
andtheSutterYubaDistricttestsweretheonlyfieldpro
gramsonAfreebornichemicalcontrolresearchorinvesti
gationthatweknowaboutItisourunderstandingthatthe
federalfundsaregoneforcontinuationoftheColusaex
perimentwhichleavesonlylocaldistrictprogramsfor
1969Inadditionultralowvolumemaybeseriouslyre
strictedduetoitspotentialdamagetopaintedsurfaces

ThemosquitoabatementdistrictsinthenorthernSac
ramentoValleyareawhohavethecapabilityarecommitted
tothepropositionthatlocalinvestigationsmustcontinue
andallthedistrictsagreethattheextentandseverityofthe
problemmustbespelledoutclearlyandindetailsothat
propersupportcanbeenlistedfromallareasAsanex
amplein1968wesprayed90980totalacresofricein
ButteCountywhichhasonly77000acresofallotment
WetriedtohitthericeearlytoreducetheCuexwithits

potentialofviralencephalitisandapparentlyweweresuc
cessfulHoweverinmidAugustduskbitecountsof
Anopheleswereat75perminuteandtheseasongotworse
asitprogressedInareaswherewetriedtocontrol

0O

0L

01PPM

90MORTALITY

50MORTALITY

01PPM

Figure1MortalityofAnophelesfreeborniwithparathion1966and1968ButteCounty
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Anopheleslighttrapcountswereashighas10000adults
pertrapweek

WhenwecomparetheextentoftheAnophelescontrol
problemstothetotalefforttodevelopareasonablecontrol
technologytheconclusionseemstobethattheproblemis
notgettingproperattentionWefeelthatifanepidemicof
malariaoccurrednextyearwedonothaveenoughknow
howtomountareasonableprogramofpredictablesuccess
whichwecouldafford

CurrentChemicalControlMaterials

Parathionistheonlymaterialgenerallyusedonricefor
AnophelesandCulexItseemstobeveryeffectiveon
Culexatthe110poundViperacrerateApparentlypoorcon
trolofAnophelesin1968promptedacriticallookatlab
oratorydataoneffectivenessofvariousmaterialsonfield
collectedlarvaeAreviewofweatherdatashowsacoolper
iodinmidsummerandtheworkofBaileyandGieke1968
offersanexplanationwhichcouldaccountformoremos
quitoesthroughloweringofwatertemperatureearlyinthe
seasonTheconclusionthatcontrolwasnotsatisfactoryis
basedonsubjectiveobservationbydistrictpersonneland
taxpayersandthedosemortalitydatawepresentisour
ownandthatfromotherdistrictsLarvaldippingrecords
arenotconsideredexceptthosefromtheColusaexperi
mentbecauseoftheproblemsoffindingthelarvaeina
ricefield

Figure1representsasummaryofdataonparathion
mortalityonAfreebornAitkenandisacompositeofe
levendifferenttestsin1966and1968onButteCounty
mosquitoesTheangledlinerepresentstheaverage24hour
dosemortalityvaluesThehorizontalbarsrepresenttheex
tremesofalltestsatthe50and90mortalitylevelsThe

90

0001PPM

PARATHION

NorthernCal11Tests1966 1

001PPM

verticallinedepictsthetheoreticaldosefor110poundper
acreofwater1footdeepandtheshortlinehalfthedose
Wesawnoevidenceofchangeinthemortalityregressions
from1966to1968Ourgraphicpresentationisbasedon
simpleextremesandasubjectiveaverageItseemedmore
convenientthanelevenseparatelines

Figure2representsacompositeof11testsonAfree
bornifromNorthernCaliforniamostlyfromSutterand
YubacountieswherericesprayhasbeenverylimitedCom
paredtoButteCountywhereparathionricesprayhasbeen
practicedsince1961thedifferenceinLCpis2timesWe
donotfeelthatthereissufficientevidencetoconcludethat
resistanceorvigortoleranceisthecauseotherthingscould
accountforthedifferenceandtherewasnoapparentdif
ferencebetweenthe1966and1968datafromButte
County

Asaunittheparathiondatasuggestthatthiscom
poundisnotaparticularlygoodAfreebornikillingchem
icaloratleastitisnotparticularlygoodatthe110
poundperacrerateunderourconditionsofafootofwa

terdepthandthickriceplantgrowthwhichpreventspene
trationofthespraytothewater

DursbandataonAfreeborniarepresentedinFigure3
withtheexpecteddosefrom120poundperacrein1foot
waterandthehalfdoseComparedtothedataofWomel
dorfandGillies1968BurgoyneWhitesellandAkesson
1968andLembright1968thesedataseemconsistent
withthecontrolobtainedwithlikedosesintheColusaex
perimentandgivesupporttoourconsiderationoflabora
torydataforfieldefficacypredictionsWaterdepthin
ButteCountyisusuallymaintainednearthe1footlevel
whilethatintheColusaexperimentwasreportedasless

01PPM

Figure2MortalityofAnophelesfreeborniwithparathion1966northernCalifornia

90MORTALITY

50MORTALITY



ButteCounty4Tests196668

0001PPM

DURSBAN

BAYTEX

001PPM

ButteCounty5Tests196668

0001PPM 00IPPM

4

BaytexdataareshowninFigure4andareacomposite
of5testsAtthe110poundperacreratethiscompound
appearstobecomparabletoDursbanat120poundper
acreinitseffectonfreeborni

Lookingatthesecompoundsasrepresentingcandidates
whicharecurrentlyregisteredoranticipatedtoberegistered
onriceinthenearfutureforfreebornicontrolourcon
clusionisthatwedonothaveasatisfactorymaterialwhich
canbeusedeffectivelyandstillbereasonableincost
ABATEisroughly15andmalathion110asactiveas

0
0

d

0

N
0

N a

Ov
0

Ot

I
0I PPM

90MORTALITY

50MORTALITY

0IPPM

Figure3MortalityofAnophelesfreeborniwithDursban1966and1968ButteCounty

parathionandneitheroneisseriouslyconsideredforthis
useChemagroscompoundBay77488looksabout10times
asactiveasparathiononfreebornibutinformationislim
itedandnotsubstantiatedwithfieldtests

Intheabsenceofresistancetheonlyreliefwecansecis

totrytogetpermissionforanincreaseddoseofparathion
intherangeof210poundperacreitsresiduetoleranceis
establishedandadequateforthisrateandcostiswithin
reason

m

0
v

0v

O
0

1

01PPM 0IPPM

Figure4MortalityofAnophelesfreeborniwithBaytex1966northernCalifornia
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Suggestions

Wehavedefiniteideasonwhatisneededintheareaof

AnophelescontrolinvestigationsWhilethesearenotnec
essarilyinorderofprioritytheyareallimportantandare
offeredsothatanyonewhowantstoworkontheproblem
willnothaveashortageofsuggestionsWeproposeto

1Promotetheavailabilityofnewchemicalcompounds
throughscreeningofcompoundsonAnophelesfreeborni
Wemaybeinourpresentpredicamentpartlybecauseofex
trapolationofdatafromonespeciestoanotherWealsorec
ognizetheneedforfieldtestswhengoodcandidatecom
poundsareavailable

2Helpwithregistrationofcompoundsthroughuse
dataresiduesamplesandencouragement

3Trytomakemethylandorethylparathionwork
throughbettersystemstogettheinsecticidetotheinsects
andworkforclearanceDfhigherdosesthroughtestson
birdsandfishaswellasfieldtestsonmosquitoes

4Domoreworkonultralowvolumeapplicationinan
attempttounderstandandusethismethodwithoutproper
tydamage

5Lookcriticallyatadultcontrolasanadditionaltool

particularlybyuseofnewmethodsformulationstiming
andinsecticides

6Improvefieldsampingtechniquesusingexperienced

mentoshowothershowtofindlarvaeandtherebybeable
toaccuratelyassesstheresultsoffieldtests

7Workforandencouragecontinuedmeaningfulre
searchonusingandunderstandingallmethodsofcontrol
suchasfishalgaeinsecpredatorsdiseasesslowrelease
granulesultralowvolumeandanythingelsewhichoffers
promise

8Hopethatthroughexplanationoftheproblem
otherswillrealizetheseverityofitandgenerateaninterest
inAnophelesparticularlytheurgentimmediateneedforan
effectivecontrolchemical

Summary

Anophelesfreeborniisapersistentpestwhichreproduces
wellinmidtolateseasoninricefieldsofthenorthernSac

ramentoValleyAtthepresenttimewedonothaveanef
fectivecontrolmaterialormethodavailableWhilethereis

limitedcurrentsupportforworkonAnopheleswefeelthat
theseverityoftheproblemdemandsmoreeffort
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OBSERVATIONSONTHEOCCURRENCEOF

AEDESSIERRENSISLUDLOWINREDFIRSTUMPS
INASIERRANCONIFERFOREST

EarlWMortenson

BureauofVectorControl SolidWasteManagement
BerkeleyCalifornia

ABSTRACT

MosquitocomplaintscausedbyAedessierrensisLudlow
wereinvestigatedintheHuntingtonLakeareaofFresno
CountyAsurveyoftheareaindicatedthemainsourceof
thesemosquitoeswaswaterthathadaccumulatedinholes
inthetopsofredfirAbiesmagnificastumpsAdditional
observationsmadeinthenearbyTamarackRidgeareaele
vation7800feetduringthesummersof196365indicated
thatmanyofthematureredfirtreeswhichwereloggedin
theearly1950shadholesinthestumpscausedbyacentral
portionofthestumpbeingpulledoutduringthetimethe
treeswerecutDepthoftheseholesvariedfrom8to15
inches

Thefirstwatertocollectinthestumpholescomesfrom
thewinteraccumulationofsnowthatmeltsduringthe
springthawThiseffectstheinitialhatchofAedessierrensis
eggsAdditionalgenerationsareproducedastheseholes
periodicallyfillwithrainwaterfromthunderstormsthat
occurabouteverytendaysatthiselevation

PATTERNOFDISPERSIONOFTHEPASTURE

MOSQUITOAEDESNIGROMACULISLUDLOW
LARVAEINANEXPERIMENTALPLOT

TakeshiMiura

MosquitoControlResearchLaboratory
UniversityofCaliforniaFresno

Operatorsofthemosquitoabatementdistrictsknow
throughexperiencewheretheycanfindmosquitolarvaein
thefieldOperatorshavelearnedthatindividualsinamos
quitopopulationtendtodisperseintoclumpedpatternsin
theirnaturalbreedingsiteSuchintrapopulationdispersion
hasbeenstudiedbymanyinvestigatorsTheyhaveproposed
anumberofmathematicalmodelstoexpresspatternsof
clumpingandhavesuggestedmethodsthatcanbeusedto



Table1Frequencydistributionoflarvaebasedonasingle
dipat100stationsinthetestplot
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ThepasturemosquitoAedesnigromacalisLudlowis
oneofthemostannoyingpestmosquitoesoccurringinthe

CentralValleyofCaliforniaitisaseverebiterdevelopsin
largenumbersinirrigatedpasturesandalsohasdeveloped
resistancetomanyinsecticides

Mosquitocontrolespeciallyofpasturemosquitoesis
largelydependentuponaircraftapplicationoflarvicidesto
breedingsitesthereforeaccurateinformationontheden
sityaswellaspatternofdispersionofthelarvaeareimpor
tant

Thepurposeofthisstudywastoexaminethepatternof
dispersionofAnigromaculislarvaeinanaturalbreeding
site

MethodsandMaterials

AboutoneacreoftheKaweahDeltaGunClubproperty
inthevicinityofTraverCaliforniawasusedasanexperi
mentalpastureLewallen1963Thepasturewassubdivid
edinto30plots15plotswereonthenorthwestsideofthe
irrigationditchandanother15plotswereonthesoutheast
sideTheplotswererectangularmeasuring10x136feet
132acreandconsistedofindividualirrigationbasins
withshoremarginsonallsidesOriginallytheplotshad
beenseededwithapasturemixturecloverryegrassand
orchardgrasshoweverbermudagrasssedgesandother
weedswerepredominantatthetimeofthisstudy

Larvaewerecollectedwithawhiteenameleddipper

havinga3footextendedhandleThedipperwas4inchesin
diameterand25inchesdeepThedensityanddistribution
oflarvaewereexaminedbydippingat100stationsoneach
plotThesamplingstationswerearrangedinagridpattern
4x25stationsAstandardizeddippingtechniquewasused
ateachsamplestationinordertoobtainunbiaseddata

ResultsandDiscussion

Thedataonfrequencydistributionsofeachinstarbased
onasinglesampleateachof100stationsindicatethatin
dividuallarvaewerenotdispersedatrandomintheplots
butratherinaclumpedpatternTable1Degreesofclump
ingweredependentupontheageofthelarvaefirstinstar
showedmostandfourthinstartheleastclumpingThemax
imumnumberoffirstinstarlarvaecollectedbyasingledip
was219secondinstar88thirdinstar44andfourthinstar
17

Figure1showsdippingresultsforfirstthirdandfourth
instarlarvaeItwillbenoticedthat8420ofthefirstin
starand7945ofthethirdinstarlarvaewerefoundalong

thegrassymarginsoftheplotsSecondinstarlarvaealso
werefoundprimarilyalongthegrassyregionwhilefourth
instarlarvaewereleastconcentratedinthemarginalgrassy
areaonly2775ofthelatterwerefoundinthemargin

Withinmarginalgrassyareasnortheastandsouthwest
bordersandheadandtailendoftheplotmorelarvaewere
foundadjacenttothetailendornorthwestborder6238
first35third15fourthAttheheadendsoutheast
wheretheirrigationwaterenteredtheleastnumberoflar
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Figure1Schematicrepresentationofpatternofdipping
andactualnumberoflarvaetakenat100samplingstations
intheplots

FirstInstar ThirdInstar FourthInstar

219 46 191 71 5 25 24 4 3 15 2 0
9 1 34 16 7 38 4 5 7 7 0 0
7 0 20 15 6 3 3 4 45 3 0
6 0 1 28 3 6 0 3 1 16 0 0
2 0 5 21 4 3 0 0 1 8 0 0
2 1 0 45 1 0 0 1 1 6 4 0
1 0 1 27 2 1 1 0 0 0 5 0
1 0 1 18 20 1 0 0 1 2 1 0
0 1 2 26 20 1 0 0 0 9 1 0
0 0 1 6 10 6 1 0 0 2 7 0
1 0 3 13 8 4 0 2 0 6 213
0 1 1 12 6 7 1 3 0 8 1 2
0 1 1 8 2 0 1 2 0 1 0 1
0 0 0 9 11 1 2 6 0 1 0 0
0 0 2 7 10 2 3 3 0 0 0 0
1 1 5 11 0 1 1 2 0 0 0 0
0 2 7 5 4 0 1 1 0 0 0 0
0 0 8 3 0 1 0 2 0 1 0 0
0 1 1 3 4 0 1 0 0 0 1 0
0 0 0 2 6 3 0 1 4 4 2 1
0 0 1 3 2 0 0 1 1 15 2 1
0 0 0 0 0 0 0 0 1 16 2 0
0 0 1 1 0 0 0 I 0 17 3 0
0 0 0 1 1 0 3 2 6 0 1
0 0 0 0 0 0 0 1 1 0 0 0

vaewerecollected01first22thirdand44fourth
instar

ThetimeofdayalsoaffectedthedistributionsForex
ampleinastudyofthedistributionoffirstinstarlarvae
thatwasmadeintheearlymorning9am3730ofthe
larvaewerecollectedfromthenortheastmarginandonly
2646fromthesouthwestmarginalareaThedistribution
mapofthethirdinstarlarvaeFigure1wasmadefrom
afternooncollections2pmonly1932ofthelarvae
werecollectedinthenortheastwhile5860werefromthe
southwestmarginalborder

Theclumpeddistributionoflarvaeisprobablythere
sultof1topographicalheterogeneityofthetestplots
grassyareasprovidebetrerprotectiontolarvaefromthe
movementofairandwatermoreovertheheavyconcentra
tionoflarvaeatthetailendoftheplotisprobablycaused
bytheflowofirrigationwater2ovipositionbehaviorof
femalesfemalesovipositeggmassesalongthegrassybor
dersoftheplots3availabilityoffoodmaterialsmicro
organismsorganicandinorganicmaterialsareprobably
moreabundantamongthedensemarginalvegetationand
4thepositionofthesunapreliminarylaboratorystudy
indicatedthatlarvaeofagiveninstarmayreactpositivelyor
negativelytolightdependingonvariousconditionsHus
bands1964
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Summary

Thepasturemosquitolarvaewerefoundtobedispersed
inaclumpedpatterninthepasturemoreclumpingswere
noticedalongthegrassybordersandthetailendofthetest
plotsTherewasmorecongregationofyoungerthanofold
erlarvaeThesitesofclumpingalsoappearedtobeaffected
bythepositionofthesun
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AEDESMELANIMONDYARONDUCKCLUBLANDS
OFTHEWESTSIDEOFTHE

SANJOAQUINVALLEYOFCALIFORNIA

TakeshiMiuralandDavidEReed

UntiltherecognitionofAedesmelanimonDyarbyBarr
1955CarpenterandLaCasse1955andRichards1956
thisspecieswasconsideredtobeasynonymofAedesdor
salisMeigenSincethenBohart1956andChapmanand
Grodhaus1963havesuppliedadditionalreliablecharac
tersfortheseparationofthesetwospecies

Amelanimonisoneoftheimportantpestmosquitoes
incertainareasoftheSanJoaquinValleyThisspecies
breedsinlargenumbersanddispersesintoresidentialareas
Smith1952Smithetal1956Whitesell1965Reedun

lUniversityofCaliforniaMosquitoControlResearchLaboratory
Fresno

2FresnoWestsideMosquitoAbatementDistrictFirebauh



publishedreportItdevelopsprimarilyinthewildflooded
areassuchastheduckclubsofthewestsideoftheSan
JoaquinValleyitisalsofoundinirrigatedpasturesinas
sociationwithAedesnigromaculisLudlowthoughthere
aresomedifferencesintheirgeographicalandseasonaldis
tributionsChapman1960Klieweretal1964Inpas
turesproducingbothspeciesAmelanimonpopulationsde
velopmoreadundantlyinthespringareoutnumberedby
Anigromaculisduringthesummermonthsandthenbe
comethedominantspeciesinthefall

Insofarasitsbiologyandbehaviorareconcernedvery
littleisknownTelford1958Chapman1960Klieweretal
19641967Inordertoprovidesomeinformationonthe
dailyflightactivityofthisspeciesastudywasconductedat
theBritoGunClubofthewestsideoftheSanJoaquin
Valleyinthefallof1968

MethodsandMaterials

Flightactivitiesweredeterminedfrom24hourcollec
tionsduringOctober1968usingbothastandardAmerican
lighttrapandaMalaisetrapThelighttrapwasoperatedat
thegunclublodgeonthesouthsideofacabinandtheMal
aisetrapwithoutbaitwassetupondrylandabout500
yardssoutheastofthelighttrapSpecimenscollectedat

Table1TwentyfourhourcollectionofAedesmelanimon
attheBritoGunClubonthewestsideoftheSanJoaquin
ValleyofCalifornia

TimeofDay LightTrap MalaiseTrap

MaleFemaleTotal MaleFemaleTotal

15001600 0 0 0 0 0 0

16001700 194 88 282 0 0 0

17001800 475 317 792 47 155 202
18001900 240 80 320 45 88 133

19002000 721 221 942 39 29 68

20002100 198 70 268 206 123 329
21002200 582 389 971 373 205 578
22002300 264 171 435 339 172 511
23002400 131 79 210 245 152 397
24000100 79 56 135 247 142 389

01000200 8 16 24 224 152 376
02000300 21 43 64 81 88 169

03000400 42 103 145 133 168 301
04000500 12 24 36 178 155 333
05000600 8 6 14 344 618 962
06000700 0 1 1 259 255 514

07000800 1 1 2 59 55 114
08000900 0 0 0 43 32 75
09001000 0 0 0 22 16 38

10001100 0 0 0 9 2 11
11001200 0 0 0 12 3 15

12001300 0 0 0 8 0 8
13001400 0 0 0 4 3 7
14001500 0 0 0 0 1 1
15001600 0 1 1 0 0 0

Total 2976 16664642 2917 26145531

eachhourwereanesthetizedwithCOandtransferredto a

dixiecup8ozAtthelaboratoryaboutadayafterthe
collectionsweremadethemosquitoeswerekilledwith
chloroformidentifiedcountedandsexedAfewspecimens
werepickedatrandomfromthecollectionsforexamina
tionofagecompositionObservationswerealsomadecon
cerningsuchactivitiesaslandingbitingandswarming
Dataonwindspeedanddirectiontemperatureandrela
tivehumidityweregatheredattheFresnoWestsideMos
quitoAbatementDistrictOfficeinFirebaugh

Observations

Twentyfourhourcollectionsfromthelighttrapandthe
MalaisetraparetabulatedinTable1ManyAmelanimon
2976malesand1666femaleswerecapturedbythe
lighttrapEngorgedfemaleswerenotcollectedThesecol

lectionsalsocontainedtwomalespecimensofAnigromac
ulissixmaleandsevenfemaleCulextarsalisandonemale
andonefemaleCerythrothoraxIncontrasttheMalaise
trapcollected5531specimensofAmelanimon2917
malesand2614femalesincludingnineengorgedfemales
onefemaleAnigromaculisandonemaleCtarsalis

Themosquitoescollectedbybothtrapswereprobably
twotothreedaysoldallofthemaleterminaliaexamined
werecompletelyrotatedOfthefemalesexamined30
wereteneraland70postteneralandabout33were
inseminated

Figure1showstherelationshipofflightactivityofA
melanimontothedailyenvironmentalchangessuchastem
peraturerelativehumiditylightintensitywindandothers
Newlyemergedmosquitoesrestingrassesorbrushadjacent
totheirbreedingsitesduringthedayAbout4pm
PacificStandardTimethewesternskieswerelightedup
withthesettingsunthelocalweatherconditionschanged
rapidlylowertemperatureandhigherrelativehumidity
andbecamemuchmorefavorableforflightactivityFe
malesweresightedintheairsporadicallyaround5pm
landingandbitingwerealsonoticedThefirstswarmof
maleswasformedovertheobserversat530pm23foot
candlesGossenLunasixphotoexposuremeterandcontin
ueduntil615pm011footcandlesTheseactivities
wererepeatedatdawnat520amseverebitingswere
observedmorningswarmsweredetectedbytheswarming
soundat530am0028footcandlesandterminateda
round615am

Changinglightintensityappearedtoplaythemostim
portantroleintriggeringandterminatingflightactivity
Rapidlydiminishinglightintensityinitiatedflightactivity
anditisverycloselyassociatedwithhigherrelativehumid
ityandlowertemperaturewhichinturnarethemostes
sentialconditionsforflightactivityInthefallthemorning
weatherconditionisfavorableforflighthoweverflightac
tivitycompletelyceasedassoonaslightintensityincreased
attheendofdawnAbout63ofthecatchbythetwo
samplingtrapswasmadebetween5pmandmidnightand
35aftermidnighttothefollowingdawn

95



90

80

70

60

50

40

16 18 20 22 24

Figure1RelationshipofdailyflightactivityofAedesmelanimonasshownbythehourlycatchesintrapstodailyweather
changeattheBritoGunClubonthewestsideoftheSanJoaquinValleyofCalifornia1968

Theresultsofthelighttrapcollectionsareshownin
Figure2Thecollectionsfromthelighttrapprobablyre
sultedfromthefollowingactivitiesrandomflightsfrom
breedingsitestothevicinityofthelighttrapnondirected
flightflightsinducedbytheattractionofthelightdirect
edflightandforcedflightbythetrapfanaroundthe
lightintothekillingjar

Sixtyfourpercentofthetotalnumberofmosquitoes
collectedinthelighttrap4642weremalesTodetermine
whetherthissexratiowasduetochancealoneorsome
otherfactorswereinvolvedthecountsofthehourlycatch
esweretransferredtosquarerootY Xi 05hand

analyzedStudentstTestwithpairedobservationsThe
resultofthetestshowedthedifferencesobservedweresig
nificantatthe1levelIt3098whichprobablyindicates
thatthepositionofthetrapandageofthepopulationcould
influencethesexratiointhecollections

Althoughtheresultsofthelighttrapcatchshowasmall
peakatthemidpointbetweenmidnightanddawn91of
thetotalcollectionwasmadebetweenduskandmidnight
thiscouldindicatethatlightattractionismuchstronger
undertheeveningenvironmentalconditionsthanthoseof
dawn
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ThecollectionsmadebytheMalaisetrapFigure2prob
ablyresultedfromrandomnondirectedflightwhich
broughtmosquitoestothewallofthetrapandanupward
movementwhichbroughtthemosquitoesintothecollecting
chamberMoremosquitoes60 werecollectedfrommid

nighttodawnthanfromdusktomidnightSincetheMal
aisetrapwasoperatedwithoutbaitthemosquitoescollect
edbythetrapwerelikelyinrandomflightInbothtrap
collectionsthepeakatdawncontainedaproportionally
highernumberoffemalesTable1itisinterestingtonote
thattheobserversalsonoticedseverebitingactivityatdawn

MoremaleswereobtainedbytheMalaisetrapthanfe
maleshoweverthediscrepancyisnotsignificantatthe1
levelt 1145

Theresultofthe24hourcollectionsobtainedfromthe

trapsshowsthatflightactivityatthistimeofyearcontin
uedthroughoutthenightthusprovidingmorechanceto
themosquitoestodisperseFigure1Thismightpartially
explainthefallpopulationdisplacementsofAmelanimon
fromuntreatedareasintotreatedareasashasbeensuspect

edbymosquitocontrolagencies



Summary

DailyflightrhythmsofAedesmelanimonweredeter
minedbyhourlycatchesinlightandMalaisetrapsFlightac
tivitystartedgraduallyatduskandcontinuedtodawn
Catchesshowedbimodalpeaksthefirstpeakwasattheper
iodbetweenduskandmidnightandtheotherbetweenmid
nightanddawnMoremosquitoeswerecaughtbetween
duskandmidnightbythelighttraphowevertheMalaise
trapproducedthelargestcatchbetweenmidnightanddawn
Theresultofthetrapcollectionsshowsthatflightactivity
isnocturnalinthefall

DailyflightactivityofAmelanimonisnotwellunder
stoodtheseresultsindicatetheneedforfurtherstudyof
flightactivitythroughoutthemosquitoseason
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INTEGRATIONOFLARVALSURVEILLANCE

TECHNIQUESINTHEOPERATIONALPROGRAMOF
THEFRESNOWESTSIDEMOSQUITOABATEMENT

DISTRICT

Organizedmosquitocontroloperationsstartedinthe
northwestportionofFresnoCountyinApril1959follow
ingtheformationoftheFresnoWestsideMosquitoAbate
mentDistrictDuringthefirstthreeyearsoftheDistricts
operationthegreatesteffortswereexpendedindeveloping
asoundorganizationandprogramMosquitopopulation
measurementduringtheseinitialyearswasbasedprimarily
onadultmosquitosamplingduringtheactivemosquito
seasonusingamechanicaltrapasdescribedbyMulhern
1953Aspiratorcollectionsofadultmosquitoeswerealso
madeduringthewintermonths

Larvalsamplingwaslimitedtorandomcollectionsmade
bytechnicalstaffCollectionswereplacedinpinticecream
cartonsandlarvalidentificationsweremadeinthelabora

toryDocumentationwaslimitedtosummariessenttothe
StateDepartmentofPublicHealthBureauofVectorCon
trol

Beginningin1962larvalsurveillancebecamearoutine
activityformostDistrictpersonnelOnehalftooneday
wasscheduledeachweekforlarvalsurveillancefrommid

FebruarythroughAugustThisroutinewascontinueduntil
1967From1962to1967collectionsweremadeinthe

fieldbyselectinglarvaefromadipperwithamedicine
dropperanddepositing11rvaeintoa2dramvialcontaining
50isopropylalcoholPreservedmosquitoeswereidentified
inthelaboratoryandarecordkeptoflarvaldensityand
stagesofdevelopment

Thefeelingthatconsiderablevaluableinformationwas
slippingbyunnoticedandaconcernforincreasingresis
tanceofmosquitoestoitsecticidespromptedanexpanding
programofdailylarvalsurveillancebyallfieldoperators
startingin1967Agencywideandcontinuouslarvalsur
veillanceprogramshavebeentestedandreportedfromUtah
GrahamandBradley19621965Collettetal1964
Thetechniquesusedintheseprogramshavebeenstudied
andadaptedtotheparticularproblemsandneedsofthe
FresnoWestsideMAD

Theneedforaplannedsystematicdistrictwidelarval
surveillanceprogramwhichwouldencouragemaximumef
fortbytheentirestaffthroughoutthemosquitoseasonwas
thebasicreasonforextendinglarvalsamplingeffortsinthe
District

Tojustifythisprogramwhichwouldrequireadditional
effortincludinganexpandedrecordkeepingsystemthe

1ManagerEntomologistFresnoWestsideMosquitoAbatementDis
trictFirebaugh

2SeniorVectorControlSpecialistStateDepartmentofPublic
HealthFresno
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DavidEReedsandRichardCHusbands

followingspecificadvantageswereconsidered
1Routinelarvalsurveillanceprovidesamorecomplete

andaccuraterecordofsourcestherebyprovidingdocumen
tationofmosquitoproductionasabasisfortreatment

2Routinelarvalsurveillanceallowsforcontinuouseval

uationofinsecticideapplicationtimingandcontrolresults
3Clearunderstandingofmosquitospeciesdistribution

densityandseasonaloccurrenceisonlypossiblethrough
routinelarvalsurveillancewhichcanbeappliedtointe

gratedcontrol
4Routinelarvalsurveillancegreatlyenhancestheintelli

gencesystemprovidedthroughadultmosquitosurveillance
useoflighttrapsandrestingstations

5Areadymadesystemforinsecticideresistancedetec
tionisprovidedthroughsuchasurveillanceprogram

6Thisapproachtolarvalsurveillanceshouldbeavalu
ableaidincoordinatingchemicalcontrolwithfarmingop
erationsthatdependupontheuseofnoncompatiblechemi
calsegpropanilinrice

7Itprovidesepidemiologicalinformationnecessaryfor
theinterpretationofactualorpotentialmosquitoborne
diseaseoccurrence

8Itwillprovidetheinformationtosupportresearchon
problemsrevealedbytheexpandedprogram

Methods

The1967and1968larvalsurveillanceprogramsstarted
assoonascontroloperationsbeganinFebruaryandcon
tinuedtotheendofthecontrolseasonlateinOctoberUn

likethe1965and1966programswhichconsistedofsam
plingonlyonedayaweekallcontroloperatorssampled
dailywitheachinspectionAllinspectionswererecordedon
adailyreportWeatherandrelatedfieldconditionswerere
cordedinthisreportThereportalsoincludedthetimeof
dayinspectionwasmadelocationpropertyowneresti
matedlarvaldensityandtimetakenforinspectionorspray

ingLarvaldensityestimateswerecalculatedbydividing
thetotalnumberoflarvaeobservedbythenumberofdips
taken

Larvaefromeachdipweredrainedintoasmallcylin
dricalscreeninahandconcentratorHusbands1969
Roughlyhalfoftheinspectiontimewasdevotedtothis
samplingactivityTheconcentratorscreenanditscontents
wereplacedin6dramvialsfilledwith50isopropylalco
holVialswerethencorkedandlabeledtocorrespondwith
thedailyreportAllsamplesweredepositeddailyalong
withthedailyreportsinthelaboratoryforidentification
Speciesnumberandinstarsrepresentedwereidentifiedand
recordedForspecialprojectsthenumberofspecimensrep
resentingeachinstarwasalsorecorded

Manyhoursofmanualeffortwerespentintheretrieval
ofdatacompiledforthisevaluationInformationcouldbe
summarizedinmanyotherwaysdependingupontheobjec
tiveorpurposeofthetabulationItisapparentthatthisin
formationcouldbeusedfordailyprogramguidesifsophis
ticatedelectronicdataprocessingequipmentwasincorpor
atedasapartofthistechnique



Results

SincetheFresnoWestsideMADhasexpandeditslarval Table1Relativeincidenceofimportantmosquitospecies

surveillanceprogramthequestionmaybeaskedWhat foundinallsourcesintheFresnoWestsideMosquitoDis

effecthastheadditionalsamplinghaduponthevalidityof trictduringtheyears19651968

oursurveillancedata Inanefforttoanswerthisquestion
thenumberoflarvalsourcescontainingeachspecieswasde Percentofpositivesources
terminedThetotalnumberofinspectionsmadeduringthe Species 1965 1966 1967 1968

samplingperiodwasusedasacommondenominatorThe Ctarsalis 138 136 158 173

resultsareexpressedinpercentandaresummarizedin Anigromaculis 38 37 46 43
Table1 Amelanimon 47 64 32 47

Althoughtwoyearsdataarenotsufficienttodomore Afreeborni 04 04 06 09

thanestablishabaselinethesimilarityinthepercentof
sourcescontainingmosquitoesinallfouryearsisstriking 1Totalpositive
Thisisnotnecessarilysurprisingsinceproceduresfollowed sources 244 259 256 256

during1965and1966weresimilartothoseusedin1967 2Totalsources
and1968theessentialdifferencebeingtheincreasednum inspected 3693 3941 16955 21845

berofinspectionsduringthepasttwoyearsThesignificance
oftherelativenumbersofthespeciestakenisofcourse thedistrictadifferentapproachwastakenSincewewere
subjecttoquestionowingtothesmallnumberofsamples notrecordingallnegativeinspectionsinpasturestheuseof
takenin1965and1966Theincreasedrateinappearance totalinspectionswasfelttobeunreliableAcomparisonof
ofCulextarsalisin1967thefirstyearofroutinedailysam speciescompositionandfrequencyofoccurrenceinsources
piingmaybesignificantsincethatyearwasconsideredto containinglarvaeonlywasusedinsteadDuringtheMarch
bearelativelylowoneforthisspeciesinthisareaImproved OctoberperiodforexampleTable3Aedesnigromaeulis
andintensifiedsamplinginriceareasduringJuneJulyand wasthespeciesfoundmostfrequentlyinirrigatedpastures
Augustof1967and1968mayaccountinpartforthehigh Anigromaculishoweverwasfoundinpasturesonlyalittle
ercountsThegeneraluseofpropanilherbicideinricein overhalfthetime543 intheentiredistrictandonly
1967and1968mayalsobeasignificantvariablehavinga slightlymorefrequentlyinthesoutherndivisionthaninthe
bearingonthiscaseAtleastanothertwoyearsofobserva northerndivisionofthedistrictAmelanimonontheother
tionswillbeneededtoestablishvalidlinesofcomparison handwasfoundmorefrequentlyinthenorththaninthe

Anindicationofthechangethatriceculturalpractices southbutitsfrequencyofoccurrencewascomparableto

havemadeinmosquitoproductionandspeciescomposition AnigromaculisinthenorthOfspecialinterestwasthefre
inthericefieldcomplexcanbedrawnfromthefiguresin quencyofCtarsalisappearanceinpasturesparticularlyin

Table2TheappearanceofAedesmelanimonindrains thesouthernarea

seepageandthericefielditselfatmidseasonisthemost Thesignificanceofresultsobtainedinirrigatedpastures
significantdevelopmentattributabletothechangeincul shouldprobablybeinterpretedinthelightofcertaingen
turalpracticeCompletedrainageofricefieldspriortothe eralconditionsWhilethenumberofirrigatedpasturesin
applicationofpropanilherbicideprovidedampleoviposition thetwodivisionsiscomparableonly30ofthetotalacre
sitesforAmelanimon ageinthedistrictislocatedinthenortherndivisionPas

Inourefforttoobtainmorepreciseinformationon turesinthisdivisionarethereforesmallerAlsosoilsinthe

speciesdistributioninirrigatedpasturesindifferentareasof northerndivisionareofthedeepcrackingMercedandTem

Table2Numberofsourcescontainingmosquitolarvaeandfrequencyofappearanceofeachmosquitospeciesasrelatedto
inspectionsinriceenvironmentattheFresnoWestsideMosquitoAbatementDistrict

SourcesInspected OccurrenceofSpecies Percent

Percent C A A Other

Year Number Positive tarsalis freeborni melanimon species

Rice 1967 1598 399 403 14 0 0

1968 2016 507 483 34 07 14

RiceSeepage 1967 477 354 355 06 08 08

1968 248 609 538 28 61 04

RiceDrains 1967 121 421 422 17 0 33

1968 98 704 643 31 71 41

Eachspeciescanbefoundaloneorinmixturesinasinglepositivesamplethereforethepercentoccurrenceofspecies
doesnotequalthepercentofsourcespositive
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Table3Mosquitospeciesdistributionandfrequencyinir
rigatedpasturesinthenorthernandsoutherndivisionsof
theFresnoWestsideMosquitoAbatementDistrictin1968

Division

Numberof

Pastures

Species

Ctarsalis

Anigromaculis
Amelanimon

Cinornata

Otherspecies

1pw PasturesWith

Northern Southern Total

Pastures

621 571 1192
of of

pwTotal pwTotal Total

187302 237415 424355

312503 336588 648543

285459 155272 440379

15 24 18 32 33 28

14 23 11 19 25 21

pleclaygroupwhereasinthesoutherndivisionpasturesare
locatedinpoorlydrainedsoilsoftheFresnoandTraver
hardpanandclaypangroups

Mosquitospeciescompositionandfrequencyofoccur
renceinirrigatedpasturesaresummarizedinTable4This
tabulationshowsthenumberoftimeseachspecieswas
foundaloneandincombinationwithotherspeciesAsex
pectedAnigromaculiswasthemostfrequentlyfound
speciesincombinationwhitotherspeciesoraloneOfpar
ticularsignificanceandofgreatimportancefromthestand
pointofsourcereductionoaerationisthenumberoftimes

Ctarsaliswastheonlyspecesfoundinpastures

DiscussionandConclusion

Interpretationofmosqui densitiesindistrictwideeval

uationshaslimitationsinthepresentlarvalsurveillancepro
gramLarvaldensitieshavemoremeaningwhenrelatedto
typeandsizeofsourceandtimeofsamplingSincelarval
densitieswererecordedthroughouttheseasonprojection
ofrelativeabundanceanddistributioninvarioustypesof
sourcesispossibleForexamplegreaterdensitiesofallmos
quitospecieswererecordedinirrigatedpasturesinthenor
thernareasthanwereinthesouthernareasofthedistrict

Table5Aspreviouslymentionedpasturesinthenorthern
divisionaremuchsmallerthusbettersamplingwaspossible

Table4Mosquitospeciescombinationsin1192irrigatedpasturescontaininglarvaein1968

Species

Culextarsalis

Aedesnigromaculis
Aedesmelanimon

Culisetainornata

Otherspecies

100

Culex

tarsalis

235

68

59

14

8

NumberofPasturesContaining1or2Species
Aedes Culiseta

melanimon inornata Other

Aedes

nigromaculis

68

405

140

1

2

59

140

203

2

Thisprobablyaccountstoalargeextentfortheapparent
populationdifferences

Thereliabilityofmosquitodensityfiguresreportedby
Districtoperatorswastestedinricefieldsin1968Adip
pingstationwaslocatedin87ricefieldsandastakewas

driveninthecenterofacheckabout30feetfromtheedge
ofthefieldtherebymarkingthelocationofthestationTen
dipsweretakeninthegeneralareaofthestakeInaddition
forcontrolpurposesmosquitodensitiesbeyondthestation
wereestimatedinthemannerpreviouslydescribedfor
routinesamplingResultsduringtheseasonshowedaverage
larvaldensitiesatallstationscontaininglarvaetobe45per
dipwhereaslarvaldensityinalldistrictricefieldsaveraged
only25perdip abouthalfthatofstationsThirdand

fourthinstarlarvaeandpupaewerecollectedatstationsat
therateof025perdipThusitislikelythatoperators
tendtoestimatelarvaldensityduringroutineoperations
bycountingthelateinstarsThereliabilityofestimatedlar
valdensitiesaspresentlydeterminedisthereforesubject
toquestion

Thisstudywasconcernedprimarilywithanalysisof
speciescompositiondensityanddistributiononageo
graphicalbasisdrawnfromanannualsummarySpecies
compositiondensityanddistributiondatadeterminedon
achronologicalbasisintimeareofgreatoperationalval
ueThisdistricthasusedthekindsofsurveillanceinforma

tiondiscussedhereasguidesintimingmosquitocontrol
operationstoevaluatetheabilityofoperatorstomakeac
curatemosquitospeciesidentificationinthefieldtoevalu

atethejudgmentoffieldpersonnelregardingtheirrecom
mendationsforcontrolproceduretobeundertakentode
lineatespeciesdistributiononaweeklybasisandtoproject
possiblefuturetrendsandtocoordinatemosquitocontrol
operationswiththeweedcontrolprogramofricegrowers

Informationthusfarobtainedfromtheexpandedsur
veillanceprogramtendstoconfirmsubjectiveobservations
madebyexperiencedmosquitocontrolworkersinthedis
trictoveraperiodofyearsDataacquiredhavealsobeen
usedtodetectdeficienciesintheinspectionproceduresof
fieldpersonnelandwillbeusedinthefuturetobuildgreat
erprecisionintothecontrolprogramofthedistrict

Considerableefforthasbeenextendedbyalldistrictper
sonneltoextractcondenseandinterpretonlyafractionof

14

1

2

4

1 1

3or

more

spp

Percentof

1192
Total Pastures

8 40 424 355

2 32 648 543

1 35 440 379

1 11 33 28

9 4 25 21



Table5Estimatedlarvalconcentrationsofmosquito
speciesinirrigatedpasturesinthenorthernandsouthern
divisionsoftheFresnoWestsideMosquitoAbatement
Districtin1968

Division

Species

Culextarsalis

Aedesnigromaculis
Aedesmelanimon

Culisetainornata

Otherspecies

Northern Southern

AverageNumber
LarvaePerDip

140

231

269

083

091

119

100

047

030

243

District

Average

128

164

180

056

157

alltherawdatacollectedduringtheyearEventuallymore
sophisticateddataprocessingequipmentandprocedures
shouldgreatlysimplifythisvitalelementofourcontrol
program
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RichardCHusbandstandDavidEReed

Mosquitocontrolagencieshavebeenforcedbymany
circumstancestodependtoagreatdegreeuponsubjective
methodsofevaluatingmosquitopopulationsandrelated
operationalproblemsObjectiveevaluationhasbeenvery
difficulttoobtainalthoughmanyeffortshavebeenmade
bycontrolagenciestoovercomethelimitationofthetime
andaccuracyrequiredinthefieldandlaboratorytoobtain
usefuldataWhilelighttrapmosquitosurveillancehasbeen
developedasausefulguidelarvalsamplingindiceswhich
aremoredifficulttoobtainhavehadlimitedapplication
Loomis1959discussedtheuseoflarvalindicesinCali
forniaasanaidtoencephalitissurveillanceandcommented

SeniorVectorControlSpecialistStateDepartmentofPublic
HealthFresnoCalifornia

2ManagerEntomologistFresnoWestsideMosquitoAbatementDis
trictFirebaughCalifornia

upontheneedforamoreprecisemethodofmeasuringlar
valdensity

Thedataobtainedbysamplingbothadultsandlarvae
rangefromsimplespeciesdistributionidentificationto
moreelaboratedensitydeterminationsLighttrapsamples
collectingstationcountsbitingcountslandingratesbait
trapcollectionsandimmaturemosquitosurveysaresomeof
thecommonproceduresusedforsourceevaluationandden

sitydeterminationFrequentlytheobjectivesofthesesur
veillanceactivitiesaretomeasurethesuccessorfailureof
chemicaltreatmenttoprovideabaselineforcontrolcost
analysisandeventuallytojustifyachangeovertosourcere
ductionOtherpossibleobjectivesincludeobtaininginfor
mationrequiredinplanningoperationsorobtainingpre
liminaryinformationoninsecticideresistance

InCalifornialighttrapdatahavebeenusedextensively
asaidsinforecastingandevaluatingarbovirustransmission
Reeves1968Inadditioncontrolagenciesuselighttrap
datatolocatecontrolfailurestodetectadultmigration
andtomeasureseasonaldistributionfrequencyandoccur
renceofspeciesLargelyawaitingelucidationistheinflu
enceuponthedataofweatheraswellastraplocation
whichincommunitiescanineffectshiftwithoutmoving
asthecommunitybuildsuparounditThisandtheimpor
tanceofotherfactorsthatinfluencesamplinghavebeen
discussedbyBarr1960andHaufe1960Loomis1953
attemptedtouserestingstationdataandobservedthatthe
manyvariablesmadetheanalysisverydifficult

LarvalsurveysinCaliforniaarelessextensiveandless
standardizedthanadultmeasurementsAnearlyseason
statewidelarvalsurveillanceprogramhasbeendeveloped
primarilytoalertagenciesregardingtheoccurrenceofim
matureCulextarsalisinawidevarietyofmanmadeand

naturalsourcesControlagenciesalsouselarvalsurveysto
determineorconfirmtheoccurrenceofspeciesindifferent
habitatsandtheneedforcontrolaswellasformeasuring
thedegreeofcontrolobtainedThedataaregenerallyused
orexpressedinverysimpleterms

Administratorsofcontrolprogramssometimesfeelthat
thetimeandeffortdevotedtothiskindofdocumentation

cannotbejustifiedbecauseofthetimerequiredforcom
pilationandevaluationAlsothereisafeelingthatthedata
obtainedareofquestionablestatisticalvalidityAlthough
theseobjectionsarevalidthereareseveralnewmethods
availabletohelpovercomethesehandicapsTheyconsistof
improvedtechniquesforcollectingfieldsamplessimplifica
tionofdatarecordingandautomationofrecordsdata
processingwhichcanbeprogrammedtoperformthete
dioustaskofcompilingdatamakinganalysisandperform
ingstatisticaltests

Thisreportwillillustratethevalueofusingseveraltypes
ofdatatoevaluatethecomplexvariationsthatoccurin
mosquitopopulationsandrelatedcontroloperationsInthe
processthejustificationwillbecomemoreevident

ThepioneeringworkinUtahGrahamandBradley1961
and1962andCollettetal1964hashelpedlaytheground
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workforamoreeffectivemethodofevaluatingmosquito
populationsasapartofanoperationalprogramDatapro
cessingisavitalpartoftheirprogram

Inanattempttodevelopamoremeaningfulsurveillance
programtheFresnoWestsideMosquitoAbatementDistrict
hasadoptedanexperimentaloperationdesignedtoimprove
thecollectionandanalysisoffielddataTheBureauofVec
torControlhasbeenprovidingtechnicalassistanceinthis
program

Method

Lighttrapsamplesareobtainedfromeightlighttraps
operatedeachnightFourofthetrapsarelocatedinsmall
ruralcommunitiespopulation3000orlessFourofthe
trapsarelocatedinagriculturalareas

Larvalsurveyshavebeenastandardpartofthedistricts
programforseveralyearsTheoperatorshavereceivedcon
siderabletrainingandexperienceinthisactivityDuring
1965and1966larvalsurveyswerelimitedtoonedaya
weekandcontinuedatleastthroughAugustIn1967the
programwaschangedtoafulltimesurveillanceprocedure
Eachdaytheoperatorscollectedlarvaeandrecordeden
vironmentaldatafromeachfieldvisitedduringroutinecon
trolproceduresSamplingprocedureswerestandardizedto
theextentpossibleCollectionswereidentifiedinthelab
oratorybyatrainedtechnician

102

Table1 ComparisonbetweenAedesmelanimonlighttrapcollectiondataand

larvalsourceoccurrencedata

NumberoffemaleAmelanimon

collectedpertrapnight8traps

1965 1966 1967 1968

Feb 000

Mar 004

Apr 137 030

May 036 084

June 025 200

July 054 044

Aug 041 012

Sept 045 055

Oct 1791 865 4139

0 002

0 005

05 464

133 382

113 033

039 013

179 076

1327

Results

Theresultsobtainedhavemanyinterestingramifications
howeverforthepurposeofthisreporttheanalysiswillbe
limitedprimarilytoacomparisonbetweentheresultsof
larvalsamplingandlighttrapdata

Theanalysisofthedataobtainedbythesetwomethods
hasbeenlimitedtoCtarsalisAedesmelanimonandAedes

nigromaculisoverfourconsecutiveyears1965through
1968Inmostcasesthesespeciesareassociatedwithprob
lemsthroughouttheareaandnormallycanbefoundeither
inthelarvaloradultstagefromFebruarytoNovember
Thedataobtainedhavebeenaffectedtoagreatextentby
thedistrictscontrolprogram

Table1andFigure1showtheseasonaldistributionof
AmelanimonbasedonlighttrapandlarvalrecordsWhile
thereisnoapparentseasonalcorrelationbetweenthesetwo
setsofdatabothshowtheexpectedbimodalpopulation
curveSignificantdifferencescanbeseenintheearlyseason
larvaldataUnliketrapdatalarvaloccurrenceindicatesthat
Amelanimonisfoundingreaternumbersinthespring
thaninmidsummerandfallOntheotherhandthelight
trapdatashowadultspresentthatmayhaveemergedfrom
fieldsourcesandinvadedadjacentareasLighttrapdataal
soshowanunusualincreaseintheAmelanimonpopulation
inOctoberwhilethelarvaldatadonotreflectthischange
Amelanimonmaybeabletodisperseoveraconsiderable

Percentofsourcesinspected
containingAmelanimonlarvae

1965 1966 1967 1968

45 0 178 1685

102 87 866 645

28 61 387 702

51 76 524 544

36 69 387 660

16 33 162 420

31 15 194 280

27 100 230

44 179 258
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Figure1AfouryearcomparisonbetweenAedesmelanimonlarvaloccurrenceinallsourcesinspectedandthenumberof
femalescollectedpertrapnightineighttrapslocatedwithintheFresnoWestsideMosquitoAbatementDistrict
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Figure2AfouryearcomparisonbetweenAedesnigromaculislarvaloccurrenceinallsourcesinspectedaveragedensityin
larvaeperdipfor1968andthenumberoffemalescollectedpertrapnightineighttrapslocatedintheFresnoWestside
MosquitoAbatementDistrict

104
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0

001
LarvalDensity 0

LarvalSources

A
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196

Ir

Aedesnigromaculis

6

Month

8 9 0

Table2ComparisonbetweenAedesnigromaculislighttrapcollectiondataandlarvalsourceoccurrencedata

10

t

7

NumberoffemaleAnigromaculis Percentofsourcesinspected
collectedpertrapnight8traps containingAnigromaculislarvae

1965 1966 1967 1968 1965 1966 1967 1968

Feb 19 0 0 26

Mar 0 0 0 0 38 17 154 25

Apr 001 001 0 0 30 44 17 37

May 003 006 003 015 46 23 49 515

June 002 085 016 024 31 59 49 36

July 012 006 036 007 60 64 55 42

Aug 048 021 101 036 31 51 43 55

Sept 103 114 198 019 40 58 60

Oct 021 040 949 009 67 69 29



distancefromemergencysitesanditappearsthattheonly
explanationfortheextremeincreaseinthenumberstrapped
duringOctoberisthemovementofadultsintothetraps
fromsitesnotgenerallysampledforlarvae

ThedataobtainedfromlarvalsourcesinFebruary1968
whencomparedtopreviousyearsaredifficulttoexplain
Moreyearsofmeasurementwillberequiredtodetermine
ifthisisbiasedbyexternalfactorsorbytheimprovedsam
plingprocedureHoweverthesametrendswerealsore
flectedintheCtarsalisdataFigure3andmayhavere
sultedfromdifferencesinrainfallandirrigationpatterns
for1968andotheryearsstudiedThe1968lighttrapdata
alsofollowthetrendoftheunusualFebruary1968larval
databyshowinganextraordinaryincreaseinadultsduring
MayandJuneTheneedtoapplycontrolearlyin1968
becamemoreapparentwhenbothtypesofdataareexam
inedThepointtobemadehereisthattherearebothbio

logicallyandoperationallysignificantdatatobeobtained
bycomparingdifferencesaswellassimilaritiesinboth
lighttrapandlarvaldataEventuallythesedatacanbeused
tohelpattacktheproblemsofcontrolintelligently

Figure2andTable2showthesametypeofacompari
sonforAnigromaculisOnceagaintheredoesnotappear
tobeaseasonalcorrelationbetweenfrequencyofoccur
renceoflarvaeinsourcesandnumbersofadultmosquitoes
recoveredintrapsInadditiondataontheestimatedlarval
densitiesfor1968inirrigatedpastureshavebeengivenin
Figure2Notethatthetrendinsourcespositivefor1968
showsastrongcorrelationwithlarvaldensityTheAugust
peakintheAnigromaculispopulationfor1968asshown
bydensitymeasurementscorrespondswithdataobtained
onirrigatedpasturesduringintensiveecologicalstudiesfrom
1951through1955Thurmanetal1951Husbandsand
Rosay1952195319541955UnlikeAmelanimonA
nigromaculislarvaloccurrencedatashowagradualincrease
inthepercentofsourcespositivefromFebruarythrough
JulyExceptfor1968whenthistrendcontinuedthrough
Septemberthenumberofpositivesourcesdroppedduring
Augustalthoughthedensityincreasedinthosesourcesstill
positiveAcloseexaminationofthetypesofsourcesin
volvedinthechangeinpercentageinAugustpossiblycould
revealthecauseforthisinterestinginterrelationshipInsec
ticideresistancealsomaybesuspectedasoneofthecausi
tivefactorseffectingthetrendintheincreaseddensityand
rateofinfestation

ItisselfevidentthattheAnigromaculislighttrapdata
haveonlyalimitedvalueThetrapssampleadultsinsuch
lownumbersthatitappearsthatthetrapsarenotplacedin
locationsadjacenttoAnigromaculisproductionNormally
thisspeciesremainsnearthesiteofemergenceandurban
trapsitesdonotadequatelysamplethesenormalfieldpop
ulationsHoweverthedatafor1967showamajorchange
inthenumberoffemalestrappedduringOctoberandmay
reflectanunusualproductionwithinpasturesorthefall
dispersalofAnigromaculisfromthesesites

Asfarasoperationsareconcernedthelarvalsampling

programismuchmoreusefulasameansofdetermining
whentostartinsecticidetreatmentasapreventivemeasure
andalsothesignificanceofthesesourcesasfutureprob
lemsintermsofcostmanpowerandthejustificationfor
sourcereduction

ThedataobtainedonthethirdspeciesCtarsalisare
equallyinterestingandareshowninFigure3andTables3
and4Thereisahighlysignificantcorrelationatthe1
levelbetweenseasonallighttrapdataandthepercentof
sourcesinfestedThelighttrapdatafailonceagaintoshow
theearlyseasonbuildupoflarvalsourcessincethereseems
tobeafourmonthlagFebruarythroughMaybeforeadult
countsreflectpotentialproductionNotetheagreementin
thelowtrendofbothlighttrapdataandfrequencywith
whichsourcesarefoundcontainingCtarsalisduringthe
year1967ThiswasawetyearactuallyFebruaryand
March1967werebelownormalrainfallduringwhich
everyoneworriedaboutCtarsalisproductionOntheother
handthedatafor1968Figure3areunusualThepositive
sourcesshowanunusuallyhighrateofinfestationinFebru
aryasdidAmelanimonandalthoughitwasadryyearin
thewestsideareatherainfallinthecriticalFebruaryand
Marchperiodwas5timeshigherin1968thanin1967Irri
gationalsostartedearliermidFebruaryin1968becauseit
waswarmerduringthesemonthsthanin1967Table4

showstheoccurrenceofCtarsalisinstarsinallsourcessam

pledduringthecriticalmonthsofFebruaryandMarch
1967and1968Itcanbeseenthatthe1968sourcescon

tainedlarvaewithamuchmoreadvancedstageofdevelop
mentanotherexampleofthevalueofgoodrecords
During1967lighttrapdatashowedanunusualincrease
inthenumberofadultscollectedduringJuly whichap
parentlywereproducedbypropaniltreatedricefields
Theuseofpropanilanherbicidepreventedtheuseofphos
phateinsecticidesonriceduringthisperiodHoweverthis
isnotreflectedinthelarvaldatabecausethepropanil
treatedricefieldswerenotsampledroutinelyduringthe
periodwhenpropanilwasappliedThisfailuretosample
larvaewasovercomein1968partiallyasaresultofthis
experiencealsothepropaniltreatmentwasbettercoordi
natedwithlarvalcontrolwhichalsoheldadultstoamini
mumin1968

Vectorspeciespopulationsthatoverwinterintheadult
stagegenerallymoveoutoftheirrestingphaseearlyinthe
springinthisareaandbegintoovipositinsuitableaquatic
habitatsThedatainTable3andFigure3showthatthisis
initiatedinFebruaryorpossiblyinsomecases1968as
earlyasJanuaryLarvalsamplingproceduresshowthatthis
rateofinfestationcontinuestoriseandreachesapeakin
JulyRicefieldhabitatswhichoccurinthisarea20000
acresaffectthisrateAdultpopulationsasmeasuredby
lighttrapsFigure3donotfollowthistrendinmostcases
andthismaybeduetothepressureofinsecticidetreatment
The1967adultdataforJulyappeartosupportthistheory
TheJulypropaniltreatmentperiodreleasedthericefields
fromthepressureofmosquitocontrolandapparentlyin
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Inclusive

Dates

Sampled

YearMo

Instar

1 2 3 4 P

NumberofSources

Feb

Feb

Feb Mar

1967Mar

Mar

Mar

Mar

14 17 0 0 0 0 0

20 24 0 1 0 0 0

27 3 0 ICI 1 0 0

6 10 0 11 8 0 0

13 17 0 6 6 2 0

20 24 0 7 7 9 1

27 31 1 3 5 1 0

Feb Mar

Mar

1968Mar

Mar

Mar

27 1 23 44 24 10 0

4 8 40 59 64 48 11

11 15 28 36 40 34 12

18 22 12 45 51 47 18

25 29 31 43 35 38 16

Table4Numberofsourcescontainingmixturesofstages
ofimmatureCulextarsalisduringFebruaryandMarch
1967and1968intheFresnoWestsideMosquitoAbate
mentDistrict
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Feb

Mar

Apr

May

June

FirstmaleCtarsalistakeninlighttraps

Table3ComparisonbetweenCulextarsalislighttrapcollectiondataandlarvaloccurrencedata

July

Aug

Sept

Oct

NumberoffemaleCtarsalis

collectedpertrapnight8traps

1965 1966 1967 1968

022 024

049 082

051 185

436 385

186 085

072 068

012 126

004 142

016 115

126 775 335 969

416 414 32201 720

580 545

341 460

491 155

creasedtheCtarsalisadultpopulationThehighestcounts
wereobtainedinJulyfromatrapadjacenttothericearea

ThehabitsofadultCtarsalisduringdifferentperiods
oftheyearmayinfluencethesamplingdataIftheirmove
mentsareconfinedtothedaylighthoursowingtocool
weatheratnightorifbehavioraldifferencesareinducedby
physiologicalchangesinthefemaleduringthisearlypart
oftheseasonthelighttrapsamplewhichistakenatnight
maymisstheadultpopulationalmostentirelyduringMarch
andpossiblyonthroughMayRestingstationdatamaybe

equallyremissinthisrespectLoomis1953HoweverCO
orbaittrapsmaybeabletodetectthispopulationEven
tuallyovipositiontrapsmaybedevelopedtoprovidethe
neededinformationTherateatwhichsourcesarereinfest

edasshowninFigure3providesanindirectcluetosup
portthistheoryandthesedatashouldbeexaminedclosely
eachyearbyadequatesamplingprocedurestojudgethe
appearanceofabnormaltrendsasseenin1968Themeth
odsdescribedhereandusedbytheFresnoWestsideMos
quitoAbatementDistrictareapparentlysufficientlysen
sitivetoperformthisoperation

Conclusion

1Lighttrapsamplingdata
aDataobtainedfromlighttrapsvaryinmagnitude

Figures123dependinguponboththebehaviorofspe
ciesandtheinfluenceofexternalfactorsTheeffectof

weatherfactorssuchastemperatureandrainfallmayhave

Percentofsourcesinspected
containingCtarsalislarvae

1965 1966 1967 1968

06 14 044 253

79 42 481 196

126 138 469 143

160 187 1395 183

171 182 1870 169

205 210 24102 250

165 191

137

67

1990

1200

674

169

130

64

1Propanilperiodthatresultedin areductioninthetreatmentofricefields onetrapadjacenttoricefieldsproduced97oftheCtarsalis
recoveredinJuly1967

2Reductioninricefieldinspectionsduetopropanil



25

25

20

Y

0

czy

AdultyyCulxtarsalis

1
I I

1 1
1

11
1

1

1 1
I

4 5 y 7 T 13
8 9 1

Month

ImmatureCulextarsalis

a20 tii j
o c

6

Month

10

Figure3AfouryearcomparisonbetweenCulextarsalisoccurrenceinallsourcesinspectedandthenumberoffemales
collectedpertrapnightineighttrapslocatedintheFresnoWestsideMosquitoAbatementDistrict
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themostcriticalinfluenceuponthevaluesobtainedMan
madefactorssuchascropsequenceirrigationandsoilin
takechangesduetoculturalpracticesarealsoinvolvedand
willinfluencetheproductionofadultmosquitoesLight
trapdataarealsoinfluencedbywindhumiditymoon
lightorcompetinglightsandthephysiologicalcondition
ofthemosquitoInspiteofthisthedataobtainedhave
certainimportantcharacteristicsthathavebeenusedsuc

cessfullyforpopulationanalysisasillustratedinthisreport
bTheannoyancefactormaybemorecloselyassoci

atedwithlighttrapdatathanwithlarvaldatahowever
vectorpotentialintheearlyseasonseemstobedifficultto
correlatewithlighttrapdata

cDayflyingspeciesofmosquitoesarenotsampled
adequatelyHaufeandBurgess1960Somespeciesmay
changetheirflyingbehaviordependinguponagegono
trophicallyactivephysiologicalstateandwhileinthisstate
maymovetowardsourcesforovipositionandavoidloca
tionswherelighttrapsarenormallylocated

dLighttrapdatamayreflectthemigratoryorflight
activityofspecies whichmaychangeduringtheseason

eSpeciesthatnormallydonotmoveveryfarfrom
theirsiteofemergencearenotsampledadequatelybytraps
locatedincommunitiesAnadequatesampleshouldreflect
seasonalvariationstrendsandayearlyindex

Thereissomequestionaboutthesignificanceofexamin
inglighttrapdatatodeterminetheprevalentoraverage
populationtrendsoveraperiodofyearsEachseasonthe
factorsinfluencingtrapdataareextremelyvariableandun
tilwecancorrelatethesefactorswiththesampleobtained
itwouldseemwisetoexaminedataasasingleunitofin
formationInotherwordsdeterminewhy1967wasdiffer
entthan1968etc

2Immaturemosquitosamplingdata
aLarvalsamplingdataarecloselyassociatedwiththe

chemicalcontrolprogramsinceitisameasureofsources
inspectedandfrequentlytreated

bLarvalsamplescanbecorrelatedwiththetypeof
sourcesinceeachspeciesisassociatedwithrecognizeden
vironmentalconditions

cLarvaldataprovideasensitivemeasurementofearly
seasonoccurrenceinfluxofmosquitoes

dLarvaldatamayprovideacluetoabnormalvariations
inpopulationsasindicatedinthe1968data

eLarvaldatacanbecorrelatedwithrainfallorirriga
tionifadequaterecordsaremaintainedtoshowthetypes
ofsourcespasturealfalfaetcorthesourcesofwater
rainfallirrigationdrainageetc
fAratioofthenumberofpositivetonegativesources

canshowseveralinterestinginterrelationshipsbetween
speciesoccurrenceandfactorsthatcontributetothework
loadimposedupontheoperatorsairsprayprogramand
budget

gThereisasignificantpositiveseasonalcorrelation
betweentheoccurrenceofimmaturemosquitosourcesand
thelighttrapdataforCtarsalisAmelanimonandA
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nigromaculisdonotshowthiscorrelation
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ACORRELATIONOFLARVALSURVEYSAND
SOURCEREDUCTIONPRIORITIESIN

SALTLAKECOUNTY

KeithHWagstaffandKennethLMinson

SouthSaltLakeCountyMosquitoAbatementDistrict
MidvaleUtah

Sourcereductionisanimportantpartofanysuccessful
mosquitocontrolprogramOurabatementprogramhasbeen
improvedeachyeartomeetchangingconditionsImprove
mentsinsourcereductionhavebeenrelatedtolarvalsurvey
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proceduresEachyearsomedrainageisaccomplishedco
operativelywithSaltLakeCountyFloodControlandat
theirexpenseThevalueofthisworktotheDistrictin1968
amountedtoover900000andforthemostpartoccurred
onpublicdomainDrainageworkaccomplishedbythedis
trictisdonebyhandwhenworkersarenotbusywithlarvi
cidingproceduresandalsobycontractwithsomeprivate
companies

Atpresent1967sourcesarelistedondistrictmapsThe
costofeliminatingallsourcesisprohibitiveforadistrict
suchasoursthatoperatesonasmallbudgetForthisreason
sourcereductionprioritiesmustbeestablishedInformation
obtainedfromthelarvalsurveyisaninvaluabletoolinen
ablingtheDistricttoestablishpriorities

Inconjunctionwiththecontrolprogramanintensive
larvalsurveywasinitiatedbytheDistrictin1956inwhich
asampleofmosquitolarvaewastakenfromeachpoolfound
tobeproducingthemAtthetimeofcollectionthedatalo
cationsizeofpoolsourceofwaternumberoflarvaeper
dipandlarvalinstararerecordedAsampleoflarvaefrom
eachpositivesourceiscollectedandidentifiedlaterinthe
laboratorySomeoftheinformationobtainedfromthesur
veyisdirectlyresponsibleforincreasedefficiencyandef
fectivenessofthemosquitocontrolprograminSaltLake
CountyGraham1959

Thelarvalsurveyhasbeenevaluatedandexpandedover
theyearsasneedsarosesothatatpresentconsiderabledata
arenowcollectedbyfieldinspectorsforeachpoolfound
containingmosquitolarvaeThesedataconsistofpertinent
ecologicalinformationsuchas1associatedvegetation
2watercharacteristics3flowofwaterinpool4de
greeofshade5depthofwaterwherelarvaearefound
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ONLARVALSURVEYCHART
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and6airandwatertemperatureAlsotimeofdaycol
lectionismadeandtypeoftreatmentrequiredforeffec
tivecontrolarenotedAllsourcesareroutinelycheckedand
arerecordedaswetordryandifwetwhetherdampre
centlyfloodeddryingupornochangefrompreviousin
spectionThesedataareinadditiontodatarecordedwhen

thesurveywasinitiatedVerylittleextratimeisrequired
toconductthesurveyasnecessaryobservationscollections
andnotescanbemadeduringtheinspectionforlarvae

Districtpersonnelareapproachingsourcereductionwith
theattitudethateachsourceintheDistrictcanbeeither
completelyeliminatedormodifiedsoastoretardlarvalde

velopmentDuringthepastyearallsourcesintheDistrict
wereexaminedandsourcereductionproceduresregardless
ofcostwereoutlinedforeachAtthesametimeinforma
tionobtainedfromthelarvalsurveyenabledustoevaluate
themosquitopotentialofeachsourceSuchitemsaslarval

Figure1Chartdemonstrateshowaportionofthelarval
surveydataisrecordeddailyThecodeusedforthechart
is nc notchecked

WaterCode

1Dry
2Soilmoist

3Waterleveldecreasing
4Noobviouschangefrompreviousperiod
5Waterlevelincreasing

TreatmentCode

6Treatedwithparathionsandcoregranules
X Positiveforindicatedmajorspecies

Otherspecieswrittenin
AreaCode locationofsource

8286 849823 826830

3tti aUvQ3rJaatva3cida 0a
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densityareaofsourcewatersourceassociatedvegetation
frequencyofproductionandspeciesidentificationareu
tilizedinmakingthisevaluationofmosquitopotentialFig
ure1demonstratesthemethodofrecordingpartofthe
data

OfthelistedsourcesintheDistrictonly29orlessthan
2 werepositivetorlarvae50ormoreofthetimeeach
wasinspectedTheseareconsideredtobethemostimpor
tantsourcesandshouldbeeliminatedfirstSourcespro

ducingfewmosquitoesareleftforlatereliminationorre
ductionSourcereductionprioritiesareestablishedbycon
sidering1mosquitopotential2accessibilityofsource
3difficultyinobtainingcontroland4estimatedcostof
reductionasopposedtocostoflongtermtreatment

Inmostinstancesthecostofeliminatingasourceex
ceedsthecostoftreatmentOveraperiodoftimehow
eversourcereductionshouldbemoreeconomicalSources
producinglargeandfrequentbroodsofCulextarsalis
CoquilletandAedesdorsalisMeigenareconsideredmost
important

CulexpipiensLudlowandCulisetainornataWilliston
whileverycommonintheDistrictarenotproblemsasthey
seldombitemaninthisareaConsequentlythosesources
producingthesespecieswillplacelowonasourcereduction
prioritylist

Sourcesthatratehighinmosquitopotentialbutareeas
ilyaccessibleandeasilyandeffectivelytreatedarenotcon
sideredforsourcereductionmeasuresuntilsourcesthatare

difficulttocontrolarereducedoreliminated

Eightytwoofthesourcesroutinelyinspectedbyfield
crewsprovednegativeorlarvaetheentireseasoneven
thougheachwascontinuouslyfloodedThesesourceswill
beinvestigatedandhopefullyinformationobtainedwill
giveanideaastohowothersourcescanbealteredthusre
sultinginareductioninthemosquitopotentialwithoutthe
useofinsecticidesorcostlysourcereductionaction

Summary

Sourcereductionalthoughcostlyisapartofanysuc
cessfulmosquitocontroloperationDuetotheexpensein
volvedandbecauseofarelativelysmallbudgettheSaltLake
CountyMosquitoAbatementDistrictisestablishingsource
reductionprioritiesbyusinginformationobtainedfroma
wellestablishedlarvalsurveyprogramConsequentlymon
eyavailableforsourcereductionisspentwhereitwilldo
themostgood
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MOSQUITOLARVAECONTROLWITH
GAMBUSIAANDLUCANIAFISH

INRELATIONTOWATERDEPTHANDVEGETATION

DonMReesDavidNBownandRobertNWinget

CenterforEnvironmentalBiology
UniversityofUtahSaltLakeCity

GambusiaaffinisaffinisBairdandGirardwassuccess
fullyintroducedintoUtahin1931Gambusiaarenowgen
erallyestablishedthroughoutthestateandinsomesitua
tionsareeffectiveinmosquitoabatement

ThekillifishLucaniaparvaBairdandGirardwasfound
tobepresentinUtahin1959atTimpieSpringsTooele
CountyThetimeandmethodofintroductioncanonlybe
surmised

AsLucaniaarereportedtofeedonmosquitolarvaean
attemptwasmadetodeterminetheeffectivenessof
GambusiaandLucaniaincontrollingmosquitoesonmarsh
landborderingtheGreatSaltLakeUtah

InJune1966fivesmallexperimentalunitsrangingfrom
024to080ofanacreinsizewereconstructedonthe

FarmingtonBayWaterfowlManagementAreaFigure1
Thehabitatofthesesmallunitswastypicalofthesurround
ingfreshwatermarshexceptthattheimpoundedwaterwas

maintainedatafairlyconstantlevelatdepthsvaryingfrom
2to18inchesAninvestigationwasconductedduring1966
to1968todeterminesomeofthefactorsaffectingmos
quitolarvaeproductionontheseexperimentalunitsPartof
thisinvestigationwasastudyoftherelativeeffectivenessof
GambusiaandLucaniainreducingtheproductionofmos
quitolarvaeinrelationtodifferenthabitatssuchaswater
depthsandkindsofvegetation

Thewaterintheexperimentalunitswasobtainedfrom
theJordanRiverviatheStateCanalIntheunitsdissolved

oxygenconcentrationsfluctuatedbetween0and50ppm
whilepHremainedbetween75and79Watertemperatures
rangedfromalowof53FinMaytoahighof75Fin
JulydeclininginlateSeptemberto63FDuringthisstudy
ice1to4inchesinthicknesscoveredtheexperimentalunits
fromearlyDecembertoneartheendofFebruaryThewa

terishighinorganicmaterialandotherpollutantsandhas
asalinecontentof04thuslimitingtosomeextentthe
typesofbiotainhabitingthesemarshes

Themajoremergentvegetationpresentintheexperi
mentalunitsareOlneysbulrushScirpusolneyiGray
alkalibulrushScirpuspaludosusANelshardstembul
rushScirpusacutusMuhlsaltgrassDistichlisstricta
TorrRybdandcattailTyphasppLFigure3

ThisstudywasfinancedinpartbyPublicHealthServiceresearch
grantCC00171fromtheNationalCommunicableDiseaseCenter
AtlantaGeorgia



Figure1ExperimentalUnits FarmingtonBayWaterfowlManagementArea

Figure2Standardwireminnowtrapusedtosamplefishpopulationsintheunits
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Speciesofmosquitolarvaepresentintheexperimental
unitsareAedesdorsalisMeigenCulextarsalisCoquillett
CulisetainornataWillistonandattimesafewCulex
erythrothoraxDyar

Procedures Units2and3wereselectedforstocking
withfishandunit4wasusedasacontrolWeeklyfish
samplesweretakenwithastandardwireminnowtrapoper
atedfor24hourperiodsfromthefirstofJunethrough
Septemberduring1967and1968Figure2Weeklymos
quitolarvaesamplesweretakenfromthethreeunitsfrom
thesecondweekofJulythroughSeptemberof1966and
fromthefirstweekofMaythroughSeptemberduring1967
and1968Vegetationsurveysofthekindsandquantityof
eachweremadeintheexperimentalunitsinJulyandSep
temberof1966andJuneandSeptemberof1967and1968
Figure3

In1966nofishwerestockedinanyoftheunitsIn1967
units2and3werestockedwithfishwhileunit4wasmain

tainedasacontrolwithoutfishUnit2wasstockedwith

Gambusiaandunit3wasstockedwithGambusiaand

LucaniaasreportedbyBownandRees1968

In1968noGambusiawereintroducedintotheexperi
mentalunitsbutunit2wasstockedwithLucaniaandunits

3and4weremaintainedascontrolswithoutfishUnit4

wasmodifiedinJulybyremovalofthecattailsfromthe

northhalfoftheunitandsix6footsquareplotsofsalt
grassweretransplantedalongtheperipheryofthishalfof
unitThesaltgrassplotswerealternatedwithopenwater
plotsofthesamesize

ResultsandDiscussion

Ithasbeenreportedthatmosquitoproductiononthese
freshwatermarshesadjoiningtheexperimentalunitsvaries
withthetypeanddensityofvegetationandwithdifferent
waterdepthsThishasalsobeenobservedonthesmallex
perimentalunitsduringthisstudy

Unit2 041acreWaterdepthsvariablefrom2to10
inches

In1966withoutfishinthisunittherewasaseasonal

averageof541mosquitoiarvaeperdipFigure4

In19672000Gambusiawereplantedduringthesecond
weekofMayand1000inthesecondweekofJulyThe
averagenumberoffishpertrapincreasedfrom40inJune
to113inSeptemberTheseasonalaveragenumberofmos
quitolarvaeperdipwas047in1967Asthenumberoffish
pertrapincreasedtherewasacorrespondingdecreaseinthe
numberofmosquitolarvaeperdipwithnolarvaebeing
takeninthesamplesafterthelastweekofJulyFigure4
Changesinvegetationwerenotsufficienttoaccountforthe
extentofthedeclineinthenumberofmosquitolarvae
Thisisdemonstratedbythehighnumberofmosquitolar
vaepresentinunit2during1966and1968

In1968unit2wastockedwithLucaniaasfollows

3000May213000June153000August8and3000
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September21Theaveragenumberoffishpertrapincreas
edfrom60inJuneto130inSeptemberTheseasonal
averagenumberofmosquitolarvaeperdipwas385in
1968IntheearlypartoftheseasonLucaniawereappar
entlynotpresentinsufficientnumberstobeeffectivein
mosquitocontrolbutlaterintheseasonastheirnumbers
increasedtherewasadeclineinthenumbersofmosquito

larvaeFigure4

DuringAugustandSeptemberof1967inunit2gravid
femaleGambusiawerecollectedmostabundantlyinthe
bulrushandcattailwithaveragesofthetotalnumbercol
lectedof43and33 respectivelyImmatureGambusia
weremostabundantinthesaltgrasscomprisingmorethan
44ofthetotalGambusiatakenDuring1968inunit2
slightlyhighernumbersofLucaniawerecollectedinthe
saltgrassthaninthebulrushBownandRees1968

Duringthisthreeyearperiodthemajorityofthemos
quitolarvaefoundinunit2wereinareasvegetatedwith
saltgrassorsaltgrassmixedwithalkalibulrushwithwater
depthsfrom4to8inchesNolarvaewerefoundinopen
waterorcattailplots

Unit3 024acreWaterdepthsvariablefrom4to12
inches

In1966withoutfishinthisunittheseasonalaverage
numberofmosquitolarvaeperdipwas270Figure5The
majorityofthelarvaewerefoundinsaltgrassandsaltgrass
mixedwithalkaliandOlneysbulrushwithdepthsbetween
4and8inches

In1967Lucaniawerestockedasfollows630onMay
101000onMay16and2000onJune16Gambusiaen

teredtheunitthroughthedrainfromunit2andmixed
withLucaniathroughouttheunitTheaveragenumberof
Gambusiapertrapincreasedfrom0inMayto743inSep
temberandtheaveragenumberofLucaniapertrapin
creasedfrom0inMayto487inSeptemberTheseasonal
averagenumberofmosquitolarvaeperdipwas025with
nolarvaetakeninsamplingafterthelastweekofJune
Figure5MixedpopulationsofGambusiaandLucania
wereabletoattainsufficientnumbersforeffectivecontrol

ofmosquitolarvaeearlierintheseasoninunit3than
Gambusiaaloneinunit2Theextremevegetationchanges
from1966to1967Figure3apparentlydidnotaccount
forthedecreaseinthenumberofmosquitolarvaeinthis
unitThisissubstantiatedbythereappearanceoflarge
numbersofmosquitolarvaein1968withsimilarvegetation
compositionto1967

Mostofthelarvaefoundin1967wereinOlneysbul
rushorOlneysbulrushmixedwithsaltgrasswithwater
depthsfrom4to10inchesLucaniawerecollectedasfol
lowssaltgrass33 openwater31 cattail18 andina

mixtureofsaltgrassandbulrush14

In1968nofishwerestockedinunit3Theseasonal

averagenumberofmosquitolarvaeperdipwas268Fig
ure5MostofthelarvaewerefoundinOlneysbulrush
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withwaterdepthsfrom6to10inchesTherewereonly
traceamountsofsaltgrassremainingintheunit

Unit4 24acreWaterdepthsvariablefrom2to8in
ches

Nofishwerestockedinunit4duringthethreeyearsof
thisstudy

In1966theseasonalaveragenumberofmosquitolar
vaeperdipwas196Figure6Themajorityofthelar
vaewerefoundinsaltgrassandalkalibulrushmixedwith
saltgrasswithwaterdepthsfrom2to6inches

In1967themosquitolarvalproductionwassporadic
andlowerthanin1966withaseasonalaveragenumberof
larvaeperdipof014Fgure6Mostofthelarvaewere
foundinsaltgrassandsaltgrassmixedwithalkalibulrush
whichhaddecreasedfrom80ofthetotalcoverin1966to
50in1967Figure3

In1968thenumberofmosquitolarvaeperdipwaslow
withanaverageof025fromthefirstofMaytothelastof
JuneInJulyafterthecattailswereremovedfromabout

halfoftheunitandsaltgrassplotswereestablishedtheaver
agenumberoflarvaeperdipincreasedto276inthesalt
grassplotsandtoonly035intheremainingcattailandal
kalibulrushareasNolarvaewerefoundintheopenwater
betweenthesaltgrassplotsFigure6

Overthethreeyearperiodwithwaterdepthsremaining
thesamethedecreaseinnumberofmosquitolarvaeseems
todirectlyparallelthedereaseintheamountofsaltgrass
andalkalibulrushandtheincreaseinthecattailspresentin
theunitThiswasestablishedin1968whenlargenumbers
ofmosquitolarvaewereproducedinthesaltgrassplots
whileproductionremainedlowintheunmodifiedhalfof
theunit

Conclusion

1GambusiaaloneandamixedpopulationofGambusia
andLucaniaeffectivelyreducedandbyJuly1eliminated
mosquitoproductionatallwaterdepthsandinallkindsof
vegetationintheunitsstocked

2ApparentlyLucaniaalonewerepartlyresponsiblefor
adeclineinmosquitoproductionstartingthelastofJuly
butdidnoteliminateproductionbytheendoftheseason
intheunitwherestocked

3TheevidenceindicaesthatLucaniawereunableto

increaseinsufficientnumberstobecompletelyeffectivein
mosquitoabatementintheunitswherestocked

4ApparentlyLucaniahaveahighermortalityandlower
reproductiveratethanGambusiawhenstockedinthese
units

5InthisstudyneitherLucaniaorGambusiasurvived
thewinterof19671968intheexperimentalunitsIthas
beenobservedinotherpartsofthemarshthatafew
Gambusiaareabletosurvivethewinterwhereconditions

aremorefavorableWinterkillisundoubtedlyalimiting
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factorintheuseofGambusiaorLucaniaformosquitocon
trolinthesemarshes
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THEDEVELOPMENTOFMIDGEPROBLEMS
INTHESHASTAMOSQUITOABATEMENTDISTRICT

EELusk

CaliforniaStateDepartmentofPublicHealth
BureauofVectorControlandSolidWasteManagement

JDWillis

ShastaMosquitoAbatementDistrictRedding

ABSTRACT

Thegrowinguseofwastestabilizationlagoonsasameth
odofsewagedisposalandthedevelopmentoflakesiderec
reationalsubdivisionshaveresultedingreatlyincreasedgnat
problemsinmanynorthernCaliforniaareas

Duringthepastthreeyearsaseriesofdevelopmentsof
thistypehasnearlytripledgnatsourcesintheShastaMos
quitoAbatementDistrictChaoborusastictopusDyarand
Shannonhavebeenresponsibleformostoftheannoyance
IthasbeennecessaryfortheDistrictwithassistancefrom
theStateHealthDepartmenttoorganizeandcarryouta
seriesofcontroloperationsAvarietyoforganicphosphate
insecticidesincludingfenthionparathionmethylparathion
andDursbanhavebeentested

Evengreaterincreasesingnatproblemsareanticipated
asaresultofprojectscurrentlyunderconstructionorinthe
planningstageTheDistrictisplanningastudytodeter
minethefeasibilityofacceptinggnatcontrolasapartof
itsregularoperations

GNATCONTROLOPERATIONS

INTHESHASTAMOSQUITOABATEMENTDISTRICT

WilliamCHazeleur

ShastaMosquitoAbatementDistrictRedding

Forthepastseveralyearswehavebeenexperiencing
moreandmoretroubleintheShastaMosquitoAbatement
DistrictwithgnatsandmidgesDuringthepasttwoyears
over20ofourservicerequestshaveinvolvedgnatsrather
thanmosquitoesWhiletheremaybesomemosquitoesin
volvedpeopleseelargeswarmsofinsectsanddecidethat
theyareallmosquitoesThepossibilityoftheShastaMAD
undertakinggnatandmidgecontrolhasbeendiscussedat
severalmeetingsoftheBoardofTrustees



Theproblemreachedapeakinthespringof1967when
theCityofReddinginitiatedtheuseofnewsewagelagoons
sixmilessouthofReddingTwomonthsaftertheseponds
wentintooperationaseverechaoboridgnatproblemdevel
opedinthesurroundingareaTheCityofReddingwas
threatenedwithlawsuitsfromadjacentpropertyownersand
theShastaMADbecameinvolvedinclosesurveillanceof
thepondsforourownprotectionsincemanypeoplewere
mistakingthegnatsformosquitoesPropertyownersnot
onlyobjectedtothemassesofgnatshatchingfromthe
pondsbutwerealsoobjectingtoodorsTheCityofRedding
finallyspentintheneighborhoodof200000tobuyout
propertyownersinthemostseverelyaffectedareasim
mediatelyadjacenttothelagoons

Itwassurprisingtousthatsuchaconditioncoulddevel
opinpondsthathadbeeninuseforsuchashorttimeWe

workedverycloselywiththeStateDepartmentofPublic
HealththeCityofReddingtheShastaCountyHealthDe
partmentandotherstobringtheproblemundercontrol

Workcarriedonatthesewagelagoonswastobeaco
operativearrangementbetweentheCityofReddingandthe
ShastaMADMuchtimeandeffortwasspenttrainingcity
employeesonhowtoproperlytakeEkmandredgeand
planktonnetsamplesCityemployeesweretotakesamples
fromthelagoonsanddeliverthemtotheDistricthead
quarterswheretheywouldbeprocessedWhenitbecame
apparentthatamajoremergenceofmidgeswasimminent
theShastaMADwouldnotifytheCityTheCitywouldthen
takecontrolmeasuresProblemsarosewiththisarrange
mentUnfortunatelyitwassoonapparentthattheCity
wouldnotbeabletocarryonthesamplingprogramona
sufficientlyregularbasisforustoobtainnecessaryinfor
mationconcerninglarvalpopulations

Problemsalsodevelopedinactuallycarryingoutcontrol
operationsItwasnecessaryforthemosquitoabatementdis
trictandtheBureauofVectorControltoselectthemateri

almakethedosagecalculationsandgiveclosesupervision
duringapplication

InadditiontotheproblemsattheCitySewageDisposal
PlanttherewereanumberofotherlagoonswithintheDis
trictwhichwereproducingmidgesTheDistrictattempted
tohandletheseinthesamemannerastheydidtheRedding
lagoonsThatisthelagoonoperatorsweretodotheactual
controlThisapproachdidnotturnouttobesatisfactory

AttheJune241968BoardofTrusteesmeetingthe
questionofwhethertheDistrictshouldacceptgnatcontrol
asaregularpartofitsoperationwasdiscussedTheCityof
Reddinghadrepeatedlysuggestedthattheywouldpreferto
contractwiththeShastaMADtodotheinvestigativework
andcarryoncontrolmeasuresasrequiredItseemedmore
logicalforthemosquitoabatementdistricttodothiswork
thanfortheotheragenciestohavetoenterintoaprogram
ofchemicalcontrolTheBoardofTrusteessuggestedthat
theDistrictenterintoanimmediategeneralgnatcontrol
programThemanagerpointedoutthatitprobablywould

notbepossibletocarryonasatisfactoryprogramuntil
moreinformationwasavailableonthenatureandextentof
theproblem

Foronethingweneedtoknowmoreaboutthetypesof
sourcesintheDistrictthespeciesofgnatsinthesesources
andthemostimportantthingthecostofsuchaprogram
TheBoardofTrusteeswaswillingtoraisethetaxrateone
ortwocentsforthisprojectbutwedidnotknowifthis
wouldgivetheDistrictsufficientfundsforasuccessfulcon
trolprogram

AftermuchdiscussionoftheproblemtheBoardin
structedustoproceedwithaninvestigationoftheproblem
andincludedalittleover10000inthebudgetforthis
purpose

Itisapparentfrompreviouscontroltrialsthatefficient
midgecontrolwillrequiremoredetailedknowledgeonthe
biologyandecologyoftheindividualspeciesinthedistrict
Thereforethedistrictplanstoconductextensivestudieson
midgepopulationsAconsiderableamountofinformation
isalreadyavailablefrompreviousstudiesinotherareashow
everitisdifficulttoapplythesefindingsdirectlytothe
problemsinourdistrictinviewofthevarietyofpotential
sources

Aseriesofpotentiallarvalhabitatswasselectedforsur
veyandanalysisIncludedare

1Logponds
2Drains

3Sewerponds
4Permanentirrigationseepage
5Creeks

6Dredgerpondsandborrowpits
7Naturalrainwaterlakesspringonly
8SacramentoRiverseepage

Thesesiteswereselectedasrepresentativeofdifferent
habitattypesDataonspeciescompositionlarvalabun
dancedevelopmentalcyclesandotherfactorswillbere
cordedWewillattempttocorrelatelarvaloccurrencewith
adultmidgesfromspecificproblemareas

PONDWEED ASUBSTRATEFORCHIRONOMIDS
ESPECIALLYPARALAUTERBORNIELLASUBCINCTA

HarveyIMagylGailGrodhausl
JamesDGatesandJoeMontez

Mostchironomidmidgecontrolprogramsaregearedto
destroyinglarvaethatdevelopinthebottommudoflakes
orotherbodiesofwaterbenthicmidgesItisimportant
thatprogramplannersbealerttothefactthatsignificant

1BureauofVectorControlandSolidWasteManagementCalifornia
StateDepartmentofPublicHealth

2SanLuisObispoCountyHealthDepartment
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emergenceofmidgesmayarisefromothersubstratessuch
assubmergedvegetationandalgalmatsThishasabearing
onthetypeofcontrolthatmightbeusedInsecticidesfor
benthicmidgescanbeforrnulatedsothattheydescendto
thebottomandcanbeappliedatapoundsperacrerate
whereasmidgesonvegetationindeepwatermustbetreated
withformulationsthatdispersethetoxicantthroughoutthe
entirevolumeofwaterandwhichhavetobeappliedata
partspermillionrateVolumetricratesrequiredtokilllar
vaetendtobecostlyandmayalsoapproachtoxicitylevels
lethaltofish

From1965to1967themidgepopulationatLaguna
LakeSanLuisObispoCountyCaliforniawasstudiedThis
150acrelakemostofwhiciisabout8feetdeepisformed
byanaturalSwalefilledbyrunoffwaterfromsurrounding
hillsPeoplelivinginsubdivisionsbuiltadjacenttothelake
hadcomplainedbitterlytotheSanLuisObispoCityCoun
cilandtheCountyHealthDepartmentaboutadultmidges

ItwaslearnedthattheprincipalpestspeciesatLaguna
LakeisParalauterborniellasubcinctaThisspeciesisoneof
thesmallerchironomidssmallenoughtopasseasilythrough
windowscreensanditisstronglyattractedtolightsAt
timesPsubcinctacouldbeobservedinenormousnumbers
onbuildingsandshrubberyUnfortunatelytheresidential
developmentissituatedonthesouthshoreofthelakeand
inthisdirectiontheshorewardflightofnewlyemerged
midgesisaidedbystrongprevailingwinds

Itisbelievedthatthisisonlythesecondreportofnui
sancecausedbyamemberofthegenusParalauterborniella
Gerry1954hasdescribedanoutbreakofPelachista

ApedilumelachistusfromabrackishpondinMassa
chusetts

TheecologyofLagunaLakeisprofoundlyinfluencedby
thegrowthofaquaticweedsespeciallysagopondweed
PotamogetonpectinatusTheabundantgrowthofthis
plantisextremelyfavorabetothedevelopmentofPara
lauterborniellawhoselarvaeliveattachedtothesubmerged
vegetationNotonlydoesthepresenceofpondweedpro
videalargesurfaceareaforattachmentofmidgelarvaebut
italsocreatescertainproblemswithregardtomidge
sampling

DuringtheheightofitsgrowthmidJulythroughSep
temberthepondweedcoversapproximatelytwothirdsof
thelakeoccupyingtheentiremiddleportionAtthistime
thefilamentousstemsandleavesextendfromthebottomto
thesurfaceinatangledmatoriginatingfromarhizomatous
rootsysteminthemudThetipsofthestemsbearingfruit
ingspikesprojectoutofthewaterJustbelowthesurface
thematissodenseastopracticallyeliminatewaveaction
Attheendofthegrowingseasonthematdisintegrates
Growthisresumedinthespringpresumablyfromsprout
ingtubersandseedsInMayorJunethenewgrowthbe
comesvisibleasthefilamentsapproachthesurfaceThe
onlysectionofthelakefreeofpondweedorofanyother
vegetationisachannelatleasttwofeetdeeperthanthe
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restofthelakealongoneshoreItisbelievedthatthisdeep
erwaterpreventssufficientlightpenetrationforthegrowth
ofrootedplants

Atfullgrowththevegetationprobablyinterfereswith
themovementoffishthatmightotherwisepreyonmidge
larvaeinthemiddleofthelakeOntheotherhandthere

arepredaceousinsectsespeciallydamselflynaiadslivingin
thematTheshadecreatedbythevegetationprobablyde
creasestheproductionofphytoplanktonhoweverthere
appearstobeanabundanceofperiphytonandpondweed
pollenbothofwhicharepotentialfooditemsformidge
larvae

Inadditiontosagopondweedthevegetativematin
cludespatchesofotherspeciesofpondweedsandoffila
mentousalgaeAlongthemarginofthelaketherearestands
ofswampknotweedPolygonumcoccineumandtule
ScirpusacutusThesubmergedpartsoftheseplantsdo
notseemtoharbormidgelarvaeinappreciablenumbers

Theinfestationofsagopondweedhasrecurredeachyear
since1965In1968wearrangedforDonaldLRoheofthe
BureauofVectorControlandSolidWasteManagementto
takemonthlyaerialinfraredphotographsofthedevelop
mentofthepondweedThesephotographshaveconfirmed
ourobservationsastotheseasonalgrowthofthematand
clearlyshowtheareacoveredWewillusethisinformation

toencouragetheCityofSanLuisObispotoconsiderunder
takingweedcontrol

Tostudyseasonalchangesinthemidgepopulationwe
establishedaschedulefortakingaseriesofsamplesatreg
ularintervals weeklyduringmostof1965andbiweekly
during1966and1967Adultmidgeswerecollectedwith
twoAmericanmodelmosquitolighttrapsHoweveronly
onetrapwasusedthroughoutthestudyLarvaewerecol
lectedwithanEkmandredgeandwithascoopdredgesim
ilartotheonedescribedbyAndersonetal1964bothof
whichtakea14ftsampleofsubstrateThedredgesamples
weretakenatsixstationsthreesamplesperstationThese
sampleswerewashedthrougha32meshsieveofthetype
describedbyBay1965Thespecimensfromthelight
trapswereemptiedinto80alcoholThewasheddredge
samplesinwaterandthelightsamplesinalcoholwere
spreadontoacountingtrayThistraywasdevelopedes
peciallyformidgesamplingbyErnestCBayoftheUniver
sityofCaliforniaRiversideWiththisdeviceonecounts

onlythespecimenslyinginpreselectedgridunitsandfrom
thesecountsthecollectiontotalsareestimatedRepresent
ativesubsamplesareremovedfromselectedgridunitsand
savedforidentification

Theresultsofthelighttrapsamplingof1965aresum
marizedinFigure1whichshowstheweeklytotalsofall
speciescollectedbytrapNo1Fromthesubsampleidenti
ficationsasummaryofrelativeabundancehasbeenprepared
forbothlighttrapanddredgecollectionsTable1For
simplificationthechironomidshavebeenlistedbygenera
Paralauterborniellaincludedthesinglespeciessubcincta



Table1RelativeproportionslofspecimenscollectedatLagunaLakebylighttrapanddredgeMay19throughOctober201965

Cther Other
Paralauterborniella Chirenemus Tanytarus 1

Lig
ehiropc7idae Diptera

Light Light Li711c Ii 7iE7Ilt LightDate trap Dredge trapDredge trapDredge trarDredge trapDredge trapDredgetrapDredge

519 0 0 IV II 0 II 7 0 II 0 I 1
526 0 0 IV III 0 1 0 9 i 1 I
62 I 0 III II 1 1 T 0 0 II I 0 7

I
69 0 0 IV III 9 7 0 0 0 I 1 I I I
616 0 0 III III I I C I 0 II I I 7

0623 0 0 III III I I 0 0 0 I I 1 1 0
630 11 0 II III I 0 0 1 0 11 I 0 0 0
76 I 0 IV II 0 1 0 0 0 II I I 0 1
71A III 0 II III I I 0 1 0 I 1 1 0
720 IV 0 1 III I C 1 0 1 1 I 0 i

7 III 0 II III 0 II 0 0 0 I I I 0 0
III 0 II II 0 I 0 0 II I 0 0 0

811 III 0 IV 1 9 1 0 0 I I I 0 0
8I1 IV 0 I IV 0 I 0 I 0 I 0 0 0 0

IV 0 I III 0 I 0 I 0 II I I 0 I
922 IU I i II 0 1 0 I 0 II 1 I I 1

106 II I I I 1 I I 0 0 II I 1 I I
1020 II 0 I II I I 0 0 0 II I I I 1

10 notcollectedI traceto2502II 251to5001III 501to75Cand
IV 751ormore

2ThiscategoryincludesfamiliesofDipteraotherthanChironomidaethat contributedto

thetotallighttrapanddredgecountsThemostprevalentinsectinthiscategorywas
thechaoboridChaoborusastictopus
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Figure1Midgescollectedbylighttrapno1LagunaLakeCalifornia1965withdurationofpondweedmatalsoindicated
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Theothergenerathatwereconsideredimportantenoughto
listseparatelyChironomusTanytarsusCricotopusand
Procladiuseachconsistedofmorethanonespecies

Forthemostpartthelighttrapanddredgesamplesare
notinagreementwithrespecttotherelativeproportionsof
thevariousgeneraofmidgescollectedasindicatedby
Table1Thislackofcorrespondencewasespeciallynotice
ableduringtheperiodwrenthelighttrapcatchwasata
peakmidJulyandearlyAugustForexampleonJuly20
theestimatedlighttraptotalwas97000midgesapproxi
mately88Paralauterborriellawhereasthedredgecollect
ednoParalauterborniellaonthisdateWhenthelighttrap
wascapturingmostlyParalauterborniellathedredgewas
collectingapreponderanceofChironomusorProcladius
Afterthisdiscrepancywasnotedaspecialeffortwasmade
todetermineitscauseVisualobservationsduringJuly
1965confirmedthattheonshoremidgepopulationwas
composedprimarilyofParalauterborniellaasindicatedby
thelighttrapFurtherobservationrevealedthatthismidge
wasemergingalmostexclusivelyfromthepondweedmat
Specialcollectionsfrompondweedtakenwithadipnet
duringAugust1965containedlarvaeofParalauterborniella
andCricotopusandpupaexuviaeofParalauterborniella
ChironomusTanytarsusCricotopusandProcladiusThe
collectionsofexuviaeindicatethatbenthicspeciesaswell
asplantinhabitingspeciesareabletoemergethroughthe
matIn1966wesuspendedstripsofplasticnettinginthe
lakeasartificialsubstrateformidgelarvaeInJuneafterthe
stripshadbeeninplaceforfiveweekswecollectedthefol

lowinggenerafromthemParalauterborniellaChironomus
TanytarsusCricotopusCcrynoneuraPsectrocladiusPro
cladiusandAblabesmyiaFurtherstudywillbenecessary
beforewecanclaimthatanyofthesecollectingmethodsis
consistentenoughtoprovideanindextorelativepopulation
numbersHoweveranyofthesetechniqueswouldhave
beensuperiortothedredgewhichwebelieveonlycollects
plantinhabitinglarvaewhentheyareaccidentallyshaken
looseasthedredgedescendtothebottom

Asameansofdeterminingtherelativeseasonalabun
danceofadultmidgesthelighttrapisprobablyanade
quatedeviceOurlighttrapsgenerallytookthesamespecies
thatcouldbecollectedwithanaerialnetorwithanaspirator
aroundhomesnearthetakeTherewereperiodswhenthe
lighttrappingdidnotrevealthepresenceofspeciesknown
toexistaslarvaebutwebelievethatthiswasbecausethe
adultsofthesespeciestendedtostayclosetotheshoreline
ortheirlarvaeunderwentprotracteddevelopmentbetween
emergences

Paralauterborniellaclearlydominatedthelighttrapcatch
of1965and1966In1965thismidgefirstappeared on

June2andwasdominantcomprisingmorethan50ofthe
weeklycatchfromJuly14untilOctober20theLastcol
lectiondateoftheyearIn1967itappearedfirstonMarch
27andwasdominantfrorrJune16untilAugust7when
collectingwasterminated
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During1965and1967thetotallighttrapcatchunder
wentasharpriseinmidJulyreflectingtheabundanceof
ParalauterborniellaIn1966whenParalauterborniellawas

considerablylessabundanttherewasnodistinctpeakThe
emergenceseasonappearedtoendinOctober1965andin
September1966

Thelighttrapsamplingprovidedsomeinformationon
certainchironomidsinadditiontoParalauterborniella

ChironomusTanytarsusandCricotopusadultswerecol
lectedthroughoutthestudyOftheseChironomuswasthe
mostfrequentlycollectedgenusProcladiusappearedbrief
lyinthelighttrapsamplesduringMarchMay1966and
June1967

Fromthelighttrappingwecouldnotdeterminehow
manygenerationsofParalauterborniellaemergedProbably
therewasconsiderableoverlappingSpecimensrearedat
roomtemperatureinthelaboratorydevelopedrapidlyFour
batchesoflarvaewererearedfromeggsdepositedbyfield
collectedfemalesTheminimumtimefromovipositionto
adultrangedfrom15to18days

TheecologicalstudyofmidgesofricefieldsbyDarby
1962hasrevealedmuchpertinentinformationonPara
lauterborniellaThisgenuswasthesecondmostprevalent
categoryofmidgescollectedinthericefieldsThefieldcon
tainedavarietyofaquaticplantsinadditiontoricePara
lauterborniellalarvaewerelistedasabundantonthesurface

ofunspecifiedsubmergedplantsandmoderatelyabundant
onfloatingalgaeGloeotrichiaandonthesurfaceofthe
mudwherericewasscarceorabsentDarbyindicatedthat
thesubmergedplantsincludedEchinodorusAlismaSagit
tariaNajasandZannichelliaPotamogetonwasevidently
notpresentParalauterborniellalarvaewereobservedtocon

structrelativelyshorttubesofsilkandbitsofalgaldebris
Theprincipalfoodwasbelievedtobediatoms

WeseldomcollectedParalauterborniellalarvaeatthemud

surfaceHowevermostofoursamplesweretakeninwater
muchdeeperthanthatofaricefield

DarbyobservedthatParalauterborniellamalesoften
swarmduringdaylighthoursHealsonotedthatearlyeve
ningwastheperiodwhenmostadultsappearedatlights
Ourexperienceagreeswithbothoftheseobservations

Thereremainanumberofunsolvedproblemshavingto
dowiththemidgenuisanceatLagunaLakeOurunder
standingofmidgeecologywouldimproveifwecouldde
velopsamplingtechniquesforplantinhabitinglarvaeWe
especiallyneedtodeterminedepthrelationsoflarvaeliving
inthepondweedandtoinvestigatetheeffectsoffishpre
dationwithinandoutsideoftheweedbed

SummaryandConclusions

1AnnuallyanextensivematofsagopondweedPota
mogetonpectinatusdevelopsinLagunaLakeFromabout
midJulythroughSeptemberthisplantisatfullgrowth
extendingfromthebottomtothesurface



2Excessivenumbersofchironomidmidgeswerefound
tobeanuisancetoresidentsofasubdivisionadjacentto
thelakeMidgeswereespeciallyabundantduringJulyand
AugustDuringperiodsofpeakabundancetheonshore
midgepopulationconsistedprimarilyofasinglespecies
Paralauterborniellasubcincta

3Itisbelievedthatlighttrappinggivesarathergood
indicationoftheprevalenceofvariousspeciesofmidges
emergingfromthelakeThemaximumnumberofmidges
collectedbythismethodwasestimatedat97000foraone
weekperiodOnthisoccasionthecatchconsistedofap
proximately88Psubcincta

4Psubcinctalarvaewereobservedlivingattachedto
thesubmergedleavesandstemsofpondweedTheselarvae
wereseldomcollectedbydredgingQuantitativesampling
proceduresforplantinhabitinglarvaemustbedeveloped
beforeitwillbepossibletostudytheabundanceanddis
tributionoftheaquaticstagesofsuchmidges

5Midgeswhoselarvaeareprimarilybenthicincluding
ChironomusandProcladiuswerecollectedconsistentlyby
dredgingHoweverthesegeneradidnotappeartoconstitute
amajornuisanceatLagunaLake

6Techniquesordinarilyemployedforthecontrolof
benthicmidgelarvaemaynotsucceedinlakeswherethe
offendingspeciesareassociatedwithaquaticvegetation
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Theprincipleofcompetitivedisplacementwhereby
onespeciesoforganismoutcompetesorreplacesanother
hasbeenreviewedrecentlybyDeBach1966Flanders
1966andTurnbull1967Thephenomenonwasfirst
demonstratedbyGause1934forprotozoanswhileDe
BachandSundby1963illustrateditsactionwithcertain
speciesofparasitoidinsectsattackingcitrusscaleinsects
Turnbull1967emphasizedthatinorderfordisplacement
tooccurthecompetingorganismsmustnecessarilybevery
closelyrelatedDeBach1964discussingtheemployment
ofthecompetitivedisplacementprincipleasabiological
controltoolsuggestedthatcloselyrelatedbutnonproble
maticspeciesofHippelatesmightbeintroducedintoareas
wherenoxiousspeciesoccurwiththepurposeofreducing
thelatterthroughcoexistenceoreliminatingthembydis
placement

EarliereffortsatbiologicalcontrolofHippelateshave
stressedtheimportationofexoticnaturalenemiesBayand
Legner1963LegnerandBay1965Legner1967Legner
etal1966Coincidentwithforeignexplorationsparticu
larattentionwaspaidtothehabitsoflocalHippelates
speciesinthevariousexplorationsitesPreliminaryfindings
LegnerandBay1965showedthatvariousdegreesofag
gressivenessandactivityexistedwithinasinglespecies
someformsofwhichwereevenreproductivelyisolated
fromotherssuggestingthattheyweresiblingsorevensepa
ratespeciesThepresentdiscussiondescribessomeofthe
charateristicsofcertainpredominantHippelatesandasso
ciatedspeciesoverwidelyseparatedEasternandWestern
Hemisphericsitestheirrelativeabundancebeingdetermined
fromeggbaitandnetcollectionsandpresentsthepossibil
itiesfortheirintroductioninCaliforniaforcompetitivedis
placementorcoexistencewithnoxiousspeciesTheprinci
paltargetspeciesunderconsiderationareHippelatescollusor
TownsendHrobertsoniSabroskyandHimpressus
BeckerMullaandMarch1959

MethodsandMaterials

TheprincipalsurveytoolwasthebaittrapFig1which
wasarmedwithtwosize00010x25mmgelatincapsules
containingpowderedeggandaplugofcellucottonto
anchorthecapsulestothebottomofthetrapThesetraps
weresuspendedrandomlythroughoutthesurveyareasin
theshadefrombushesandtreesandtheywereactivatedby
theadditionof200mlH20Insectsweremoststrongly
attractedfromthethirdthroughthesixthdaysafteractiva
tionwhentemperaturesrangedfrom2232CPredationof
trapcontentsbyantswasprecludedbytheadditionofaxle
greasetothebranchfromwhichitwassuspendedAttracted
insectsenteredthetrapopeningsthroughdifferentialscreens
of16meshinmadetheirwayupwardsthroughaninverted
funnelandintothecollectionreceptacleatthetopFig1

Othersurveymethodstodeterminetheexistenceofad
ditionalspeciesincludedcollectionsmadefromthewind
shieldofautomobilesinwhichrottingeggbaitshadbeen
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placedLegnerandBay1965netsweepsoftheground
vegetationanddirectlyfromtheairimmediatelysurround
ingtheheadofhumansInthelattercasetheauthorhis
wifeanddaughterparticipatedinallareasandreferences
toattractionintensityincludeobservationsonallthreein
dividuals

Collectedspecimenswerestoredin75ethanolIdenti
ficationsofAgromyzidaeAnthomyzidaeChloropidae
ChyromyidaeDolichopodidaeMilichiidaeMuscidaeSep
sidaeSphaeroceridaeandTrixoscelididaeweremadeby
CWSabroskyofDrosophilidaeEphydridaeCeratopo
gonidaeandPhoridaebyWWWirthofEmpididaeOtiti
daeandThyreophoridaebyGSteyskalandofSciaridae
byAStoneoftheUSDepartmentofAgricultureUS
NationalMuseumIamgratefulforthisassistance

Surveyswereconductedduringthesummermonthsin
eachlocalityunlessotherwiseindicatedCheckswithlocal
scientistsgenerallyindicatedthatthesurveyintervalswere
atthetimeofmaximumHippelatesabundanceinthere
spectiveareaswhichgenerallycorrespondedtomidor
latesummerAreascoveredincludeddiversesitesinNorth

CentralandSouthAmericatheWestIndiesEuropethe
MiddleEastandAfrica

Results

RelativeNumbersofSpeciesTrappedandDistribution
Therelativeattractionofinsectspeciesinthesizerangeof
Hippelatestorottingeggbaittrapsatthevariousforeign
collectionsitesarepresentedinTable1Speciescollected
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A

158cm

throughoutsouthernCaliforniaareshowninTable2

ItisapparentthatChloropidaeweregenerallythemost
numerousspeciestrappedinbothWesternandEasternHem
isphericsiteswithHippelatesinthewestandOscinellaand
ElachipteraintheeastbeingmostprominentHippelates
wasabsentfromtheEasternHemispherewhichboreout
previousconclusionsbySabrosky1941and1951

ThemostwidelydistributedspeciesinAmericawere

HippelatespusioHdorsalisHperuanusandMilichiella
lacteipenniswhileOscinellafritpredominatedinEurope
andtheMiddleEastand0dimidiofritBeckerinEAfrica
Tables1and2

ThereweremoreHippelatesspeciestrappedintheWest
IndiesthaninanyotherregionAsoneproceedednorthor
southofthisregionothergeneraofChloropidaereplaced
Hippelatesalthoughnoneofthemwasasstronglyattract
edtorottingeggasHippelatesthemselvesSomedistinct
speciesprevailedinSouthAmericaTable1

Samplesgatheredbynetsweepsofgroundvegetation
oftenproducedgreaterproportionsofcertainspeciesthan
thebaittrapsenablingsomeestimationofweakorstrong
attractiontothebaitsSomespeciesweresoscarcethat
onlythemostcasualrelationshiptothetrapswasindicated
egCeratopogonidaeMuscidaeOtitidaeetc

AttractiontoMan ForthemostpartonlyHippelates
specieswerestronglyattractedtothevicinityofthehuman
headAveryslightattractionwasshownbyunidentified

Figure1BaittrapusedinsurveyforHippelatesspeciesabasicdesignbapplicationofgreasetoantbarrierdiscabovethe
traplocatedintreefoliage



speciesofConioscinellaatseveralAmericansitesanda
moderateattractionwasshownbyOscinellaaharoniiDuda
intheMiddleEastTherewasnoobservedattractiontoman

ofanyoftheotherspeciestrappedinportionsoftheEast
ernHemisphereTable1

Twospecieswhichstandoutasbeingverystronglyat
tractedtohumansareHippelatescollusorintheSouth
westernUnitedStatesandHippelatespusioinBermuda
OtherWestIndianandAmericanformsofHpusiodidnot
demonstratethesamedegreeofaggressivenessLegnerand
Bay1965Tables1and2OfmoderateconcernwereH
flavipesintheWestIndiesHparvisetaMallinUruguay
HaustralisSabroskyinChileandHdorsalisandH

robertsoniinCaliforniaOtherspecieslistedinTables1and
2wereatthemostonlyveryweaklyattractedtohumans

BehavioralPeculiaritiesofSomeHippelatesandChloro
pidSpeciesTheHippelatesspeciesthatIhaveobservedin
NorthAmericaandtheWestIndiesweremanytimesmore
aggressivethananyfoundinSouthandCentralAmerica
orchloropidsinEuropeandAfricaFromconversations
withlocalresidentsintherespectivecollectionsitesof
SouthandCentralAmericaIlearnedthatonlyoccasionally
dognatscongregateabouttheeyesandearsalthough
someareasinnorthernPeruandtheMatoGrossoRegionof
Brazilapparentlyharborlocalizednoxiousspecies

TheChileanHippelatesaustraliswasperhapsthemost
interestingofallspeciesencounteredItisverystrongly
attractedtorottingeggbaitandfoodstuffsbutdemon
stratesonlyaweakattractiontomucousareasofthehead

ThedensityofHaustralisseemstoincreaseasoneproceeds
southofSantiagountilaroundValdiviawith80inof
rainfallThisistheonlychloropidspeciesthatwaseverob
servedtoimbiberotteneggbaitdirectlyIfadropletwere
placedonaflatsurfacescoresofindividualswouldforma

ringarounditextendingaratherlongproboscisthatmeas
uredabout13bodylengthTheywouldthenproceedto
spongeorsuckthedropletdrylikesomanyelephants
aroundawatertrough

ThepredominantUruguayanspeciesHippelatesparvi
setaMallhadthehabitofsettlingononesarmsandlegs
insmallnumbersnotexceedingfiveindividualsbutrarely
reachedthevicinityoftheheadThisspeciesappearstobe
extremelytolerantofwindandcouldbecollectedfrom
thearmsandlegsandaroundrottingeggbaitduringbrief
intervalsbetweenwindgustsexceeding15mphTheattrac
tiontorottingeggappearedtobequitepassiveandthere
wasnonoticeablefeedingonit

InnorthernUruguayandsouthernBrazilDiplotoxagla
bricollisThomasandHippelatesannulatusEnderleinhad
thecurioushabitofcollectinginthesmallhollowsofhoof
printsmadebywildpigsandrangelivestockaroundriver
banksTheregionischaracteristicallysweptbyalight
breezethatforcesmanysmallinsectstoseekrefugeSuch
wasprobablythecasewiththesespeciesthatinspiteofthe
protectionaffordedbythehoofprintcratersstillfoundit

Table1Dipteraunder4mmlongattractedtorottenegg
baitsatdiversesitesintheAmericastheMediterranean
areaandEastAfrica

Locality

SamplePeriod

Jamaica

MontegoBay

JuneSept1963

Relative Attraction

Attraction Intensity
Family Species toBaits baits man

Chloropidae

Conioscinellaspp
Hippelatesapicatus
Malloch

HdorsalisLoew

HflavipesLoew
HperuanusBecker
HpusioLoew

Hippelatesnovsp
Milichiidae

Desmometopasp
Otitidae

Acrostictaapicalis
Williston

Phoridae

Genussp
DiscoveryBay

JuneSept1963Chloropidae

Conioscinellaspp
Hippelatestibialis
Duda

Otitidae

Euxestanovsp
SpanishTown
JuneSept1963Ceratopogonidae

Dasyheleasp
Forcipomyiasp

Chloropidae

Conioscinellaspp
Hippelatescurrani
Aldrich

HdorsalisLw

HflavipesLw
HperuanusBeck
HpusioLw

Hippelatesnovsp
Ephydridae

Hydrelliasp
Milichiidae

Milichiellalacteipennis
Loew

Otitidae

Acrostictaapicalis
Williston

Sphaeroceridae

Leptocerasp

MayPen

JuneSept1963Chloropidae

Hippelatesperuanus
Becker 30

HpusioLw 970

156 W W

42 W W

03 W M

20 W W

33 W 0

516 S M

221 M W

03 W 0

03 W 0

03 W 0

751 W W

195 W 0

54 W 0

02 W 0

07 W 0

07 W W

05 W 0

34 W 0

44 W W

10 W 0

860 S M

07 W 0

05 W 0

07 W 0

05 W 0

07 W 0

W O

S M
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Locality

SamplePeriod

Yallas

JuneSept1963

WestKingston

JuneSept1963Ceratopogoridae

Forcipomyiasp
Chloropidae

Conioscinellasp
Hippelatesapicatus
Mall

HdorsalisLw

HflavipesLw
HperuanusBeck
HpusioLw

Hippelatesnovsp
Phoridae

BermudaWI

Sept1963 Chloropidae

HippelatespusioLw1000 S

PuertoRico

Aguadilla

MarchSept
1963

Isabella

MarchSept
1963
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Relative Attraction

Attraction Intensity
Family Species toBaits baits man

Chloropidae

Hippelatescurrani
Ald

HflavipesLw
HperuanusBeck
HpusioLw
Hippelatesnovsp

Milichiidae

Desmometopatarsalis
Loew

Desmometopasp
Milichiellalacteipennis
Lw

Genussp
Sphaeroceridae

Leptocerasp

Chloropidae

06

30

06

660

36

219

25

18

HippelatesflavipesLw570
Empididae

Genussr
Milichiidae

Chloropidae

Conioscinellasp 20

HippelatesdorsalisLw20
HflavipesLw 82

HperuanusBeck 522

HprobcscideusWill 10

HpusioLw 296

Chyromyidae

Aphaniosomasp
Otitidae

EuxestaelutaLoew

W 0

W M

W 0

S M

W O

W 0

W 0

W 0

03 W W

09 W 0

06 W 0

03 W M

21 W 0 Aibonito
21 W 0

913 S M

15 W 0

03 W 0

06 W 0

Milichiellalacteipennis
Lw 286 W

W

W

W

M

W

M

20 W

S

M W

144 W 0

0

W

W

0

0

M

30 W 0

Locality

SamplePeriod

Caguas

MarchSept
1963 Chloropidae

Lajas
0 MarchSept

1963 Chloropidae

Relative Attraction

Attraction Intensity
Family Species toBaits baits man

RioPiedras

MarchSept
1963 Milichiidae

Milichiellalacteipennis
Loew 10000 W 0

Conioscinellasp 616

HippelatesflavipesLw270
Hippelatesnovsp 77

Milichiidae

Milichiellalacteipennis
Loew

Maricao

MarchSept
1963 Chloropidae

Conioscinellasp
Hippelatesperuanus
Becker

Milichiidae

Desmometopasp
Milichiidae

Desmometopasp

Milichiellalacteipennis
Loew

Ponce

MarchSept
1963 Chloropidae

HippelatesflavipesLw132
HpusioLw 782

Milichiidae

Milichiellalacteipennis
Loew 86

Yauco

MarchSept
1963 Chloropidae

HippelatesflavipesLw09
HperuanusBecker 104

HpusioLw 886

HtibialisDuda 01

Hippelatesapicatus
Mall

HcurraniAldrich

HflavipesLoew
HlutziCurran

HperuanusBeck
HpusioLoew

Milichiidae

Milichiellalacteipennis
Loew 114

W W

W W

W 0

37 W 0

177 W 0

705 W 0

118 W 0

200 W 0

800 W 0

M W

S M

W 0

W

W

S

W

W

0

M

0

36 W 0

04 W 0

46 W W

17 W 0

96 W 0

687 S M

W 0



Locality

SamplePeriod

Parguera

MarchSept

Relative Attraction

Attraction Intensity
Family SpeciestoBaits baits man

1963 Chloropidae

Hippelatesapicatus
Mall 50

Hippelatesspnr
brumptiSeguy 60

HcurraniAld 20

HpusioLoew 320

Hippelatesnovsp 80

CadremapallidaLw 90

Conioscinellatripunctata
Curran 40

Conioscinellasp 50

Oscinellasp 10

Milichiidae

Milichiellalacteipennis
Loew 120

Sphaeroceridae

Leptocerasp 160

PuntaArenas

MarchSept
1963 Chloropidae

CadremapallidaLw
Conioscinellasp
Hippelatesperuanus
Becker

HpusioLw
Hippelatesnovsp

Chyromyidae

Aphaniosomasp
Milichiidae

Milichiellalacteipennis
Loew

Otitidae

Acrostictaapicalis
Williston

Trixoscelididae

Trinidad

CocosBay
Aug1963 Chloropidae

HippelatescurraniAld
Hippelatesspnr
dorsalisLoew

Hippelatesspnr
femoralisDuda

HflavipesLoew
HperuanusBeck
HpusioLwvariety
Hippelatessp
Olcellasp

69

69

311

277

34

69

44

54

Spilochroaornata
Johnson 73

06

13

26

306

212

378

06

53

Curepe
Aug1963 Chloropidae

Conioscinellasp 45

Eugauraxquadrilineatus
Williston 45

HippelatesflavipesLw320
HperuanusBeck 410

Olcellasp 45

W 0

W 0

W 0

S M

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

M 0

M W

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

M W

W 0

M W

W 0

W 0

W 0

W 0

M W

M 0

W 0

Locality
SamplePeriod

Curepe
Aug1963

Chile

PuertoVaras

March1965 Chloropidae

Hippelatesaustralis
Sabrosky

Sphaeroceridae

Leptocerasp
Valdivia

March1965 Chloropidae

Hippelatesaustralis
Sabrosky

HnigripesDuda

Relative Attraction

Attraction Intensity
Family Species toBaits baits man

Milichiidae

Milichiellasp
Sepsidae

Palaeosepsissp
Sphaeroceridae

Leptocerasp

45

45

45

Brazil

RiodeJaneiro

Jan1965 Ceratopogonidae

Atrichopogonsp 53

Bezziasp 53

Chloropidae

Conioscinellaincolumis

Becker 66

Hippelatesannulatus
End 113

HflavicepsLoew 63

HperuanusBeck 220

Oscinellasp 73

Pentanotaulaxpubiseta
Becker 73

Otitidae

EuxestaannonaeFab233

EuxestastigmatiasLw53

Temuco

March1965 Chloropidae

Conioscinellainconstans
Becker

Hippelatesaustralis
Sabrosky

990

L0

Uruguay
SanJacinto

JanMarch

1965 Agromyzidae

Genussp 09

Chloropidae

Conioscinellasp 23

Diplotoxaglabricollis
Thomson 108

Elachipterasacculicornis
Enderlein 19

Hippelatesparviseta
Malloch 649

HperuanusBeck 09

Hippelatesspnrannulatus
Enderlein 127

958 S

W O

W 0

W O

W 0

W 0

W 0

W O

W 0

W O

W W

W 0

W 0

W 0

S M

W 0

M

42 W 0

75

925

W 0

S M

W 0

W 0

W 0

W 0

W W

W 0

W 0

123



Relative Attraction

Locality Attraction Intensity

SamplePeriod Family Species toBaits baits man

Uruguay
SanJacinto

JanMarch

1965 Chloropidae

Oscinellasp
Dolichopodidae

Sympycnusnovsp
Genussp

Milichiidae

124

Desmometopaflavicoxa
Hendel

Meoneurasp
Milichiellalacteipennis
Loew

Sciaridae

09

05

05

05

05

05

Bradysiasp 05

SphaerocerIdae

Leptoceraspp 09

Chuy
JanMarch

1965 Chloropidae

Conioscinellasp 19

Diplotozaglabricollis
Thorns 223

Hippelatesspnr
annulatusEnd 75

Hippelatesspp 56

Lasiopleurasp 18

Dolichopodidae

Genussp 150

Ephydridae

Genussp 180

Sphaeroceridae

Leptoceraspp 279

Peru

MachuPicchu

April1965 Agromyzidae

Cerodoathasp 73

AnthomyzLdae

Mumetopianovsp 110

Stenomicranovsp 40

Chloropidae

Conioscinellaspnr
pleuralisBecker 110

Hippelatesannulatus
End 111

Hippelatesnovspnr
proboseideusWill 110

OscinellaorbitalisDuda406

Oscinellasp 40

Argentina

Iquazu
March1965 Chloropidae

Conioscinellasoluta

Becker 440

Hippelatesperuanus
Becker 520

Milichiidae

Milichiellalacteipennis
Loew 40

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W W

W 0

W W

W 0

W 0

W

W

Locality

SamplePeriod

CostaRica

SanJose

AprilMay1965

Turrialba

AprilMay1965

Mexico

Tuxpan
May1965

Yugoslavia
Piran

Oct1966

Italy

Napoli
Oct1966

Israel

TelAviv

Nov1966

Relative Attraction

Attraction Intensity

Family Species toBaits baits man

Chloropidae

HippelatespusioLw
HtenerCoquillett
Hippelatesspnear
dissidensTucker
Oscinellaorbitalis

Duda

Siphonellasp
Ephydridae

Genussp
Milichiidae

Desmometopatarsalis
Loew

Milichiellalacteipennis
Loew

Siphonellasp
Milichiidae

Desmometopatarsalis
Loew

Milichiellalacteipennis
Loew

Chloropidae

Oscinellafrit
Lcomplex

04

04

691

256

04

04

04

33

Anthomyzidae

Mumetopianovspnr
nigrimanaCoquillett 18

Chloropidae

HippelatesflavipesLw73
Monochaetoscinellaanonyma
Williston 73

OscinellaorbitalisDuda
618

Oscinellarubicundavariety
costaricanaDuda 18

Oscinellasp 18

36

18

128

Chloropidae

Conioscinellaspp 211

Elachipterasp 52

HippelatespusioLw 52

Hippelatesspnr
antiguanusDuda 210

Monochaetoscinellaanonyma
Williston 106

Oscinellarubicundavariety

costaricanaDuda 317

Oscinellasp 52

Chloropidae

Oscinellafrit
Lcomplex 1000

1000

Chloropidae

OscinellafritL 1000

W W

W 0

W W

W 0

W O

W 0

W 0

W 0

W O

W W

W 0

W 0

W 0

W 0

W O

W 0

W 0

W 0

W 0

W O

W 0

W 0

W 0

W 0

W O

W 0

W 0



Locality

SamplePeriod

JordanValley

Relative Attraction

Attraction Intensity
Family Species toBaits baits man

Nov1966 Chloropidae

Oscinellaaharonii

Duda 1000 M M

Kenya

NairobiParkwaterholes
NovDec1966Chloropidae

Elachipteravulgaris
Adams 167 W 0

Oscinellaspnear
dimidiofritBecker 833 W 0

Uganda

Kawandaforestgrass
DecJan196667

Chloropidae

Conioscinellasp
Elachipterascapularis
Adams

EvulgarisAdams

Oscinellaspnear
dimidiofritBecker

Tropidoscinisnovsp

11 W O

256 W 0

455 W 0

189 W 0

89 W 0

Wweaklessthan10individualscollectedin12hours
Mmediumbetween21and50individualsin24hours
Sstrongmorethan50individualsin24hours
0noattractionestablished

necessarytoclingtosoilparticlesorriskbeingblownaway

InCostaRicaHippelatesspneardissidensTuckeroc
curredinexceptionallyhighnumbersonthedryslopesof
volcanoesnearSanJoseOnesweepwithanetinthedry
grassandduffoftenproducedover100individualsThis
specieswasunattractedtomanandonlyweaklytoeggbait
SimilarlyOscinellafritLinEuropeandtheMiddleEast
andOscinellaspneardimidiofritBeckerinAfricawerecol
lectedingreatnumbersingrassandduffbutshowedno
attractiontomanandwereonlyveryweaklyattractedto
rottingegg

TheWestIndianandSouthAmericanHippelatesperu
anusDeckerneverwasattractedtohumansalthoughrot
tingeggaffordedaweaktomoderateattractionforitSweep
netsamplesindicatedthatHperuanusmightoccurathigh
erdensitiesthanrevealedbythebaittrapsamplessimilar
toHhermsiinsouthernCaliforniaMulla1962

NoneofthespeciescollectedineasternPerunortheast
ernCostaRicanorsouthernMexicodemonstratedanysali
entcharacteristicsduringtheobservationperiodsthatwould
distinguishthemMostofthesespeciesapparentlydidnot
possessevenacasualrelationshiptohumansandotherwise
occurredatextremelylowpopulationdensities

ConsiderationsforCompetitiveDisplacementandCo
existence Precedingtheintroductionofanycompeting
speciestheadulthabitsofthecandidatespeciesmustbe
consideredAdultsmustnecessarilybecontinuouslyincon
spicuousinthepresenceofmanandanimalsAlsothelar
vaemustbecoincidentwithHcollusororothertarget
speciesinidenticalmicrohabitatsandabundantenoughso
thattherewouldbecompetitionbetweenthemforavail

ablefoodInsouthernCaliforniaHhermsimayalready
fillthiscapacityduringamajorportionoftheyearcoexist
ingwithHcollusorwhichistheanthropophilicspecies

Table2SpeciesofDipteraunder4mmlongattractedto
rotteneggbaitsinsouthernCalifornia

FamilyandSpecies

Chloropidae
HippelatescollusorTownsend
HdorsalisLoew

HpusioLoew
HrobertsoniSabrosky
SiphonellapunctifronsBecker

Chyromyidae
Chyrornyasp

Drosophilidae
DrosophilabusckiiCoquillett

Ephydridae
Allotrichomasp

Milichiidae

MeoneurapolitaSabrosky
MilichiellalacteipennisLoew
Milichiellasp

Muscidae

Fanniasp
Hydrotaeasp

Otitidae

EuxestaannaHarriot

PhysiphorademandataFab
Phoridae

Megaseliaspp
Sciaridae

Bradysiasp
Thyreophoridae

OmomyiaregularisCurran
Trixoscelididae

TrixoscelisfrontalisFallen
TsigniferaMelander
Trixoscelissp

Attraction

Intensity
baits man

S S

W M

M W

M M

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W 0

W weaklessthan10individualscollectedin12hours
M mediumbetween21and50individualsin24hours
S strongmorethan50individualsin24hours
0 noattractionestablished
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Amongthevariousspeciesofchloropidsobservedinthe
presentstudyseveralmightbeconsideredforfurtherin
vestigationintothepossibilitiesforcompetitivedisplace
mentandorcoexistenceOftheforeignspeciesonlyH
pusioinBermudademonstratedthesamedegreeofaggres
sivenesscharacteristicofournativeHcollusorHimpres
susandoccasionallyHdorsalisKnownforeignspecies
thatmightbestcompetewithHcollusorduringperiodsof
hotweatherandwhicharerelativelyinnocuousthemselves
areHannulatusHparvisetaHperuanusandDiplotoxa
glabricollisinSouthAmericaandstrainsofOscinellafritin
theMediterraneanareaandOscinellaspneardimidiofritin
EastAfricaAnyconsiderationofthelasttwospecieswould
howeverhavetotakeintoaccounttheirpotential aspests
ofgraininCalifornia

Secondaryconsiderationsinwhichtheadultgnatsare
moderatelyannoyingareHflavipesoftheWestIndiesand
OscinellaaharoniioftheMiddleEastHippelatesaustralis
inChilealthoughinnocuouscomparedtoournativepesti
ferousspeciesshowsapreferenceforcoolandwetcondi
tionsandthereforecouldpotentiallycompetewithHim
pressusandHrobertsoniinCalifornia

OtherspecieslistedinTable1wereapparentlytooscarce
ineachrespectivelocalitytomeritseriousconsiderationfor

competitivedisplacementortheirroleincompetitionis
doubtfulegOtitidaeMilichiidaeetc
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Pestiferoussoilbreedingchloropideyegnatsandspecies
offliesinthefamiliesMuscidaeCalliphoridaeandSarco
phagidaebreedinginstockpiledanimalexcrementhavebeen
consideredastargetsforbiologicalcontrolinCalifornia
since1962Through1968thespeciesofspecialconcern
wereHippelatescollusorTownsendHimpressusBecker
HpusioLoewandHrobertsoniSabroskyintheChloro
pidaeMuscadomesticaLStomoxyscalcitransLFannia
canicularisLandFfemoralisSteinintheMuscidaeand
PhoeniciaandSarcophagaspeciesintheCalliphoridaeand
SarcophagidaerespectivelySpeciesofMuscinaOphyraand
FanniascalarisFwereoflimitedconcern

Continuingstudiesbegunin1962aretodeterminethe
bioticcomplexesalreadyassociatedwitheachofthesetar
getpestsinCaliforniaandtoevaluatetherelativeimpor
tanceofeachconstituentinthedynamicsofregulation
Coincidentwiththesedomesticstudiesforeignexploration
foradditionalnaturalenemiesofthesameandrelatedhost

speciesoveramajorportionoftheirknownrangeinboth
theEasternandWesternHemisphereshasbeenconducted
Thisreportdocumentsprogressofthesestudiesandtheim
portationprogramintoCaliforniatothepresent

CollectionMethods

Naturalenemiesofchloropidswereextractedfromlar
valandpupalhabitatsbyartificiallyexposingtheirdevelop
mentalstagesthereinandbydirectobservationoftheirac

tivityBayetal1964LegnerandBay1965Legneretal
1966LegnerandBay1964Naturalenemiesoffliesin
stockpiledanimalexcrementwereextractedbywater
flotationandbydirectegglarvalandpupalcollections
Legner1965Legneretal1967

Discussion

NaturalEnemySpeciesPresentinCaliforniaDomestic
studieshaverevealedthepresenceofaconsiderablearrayof
predatoryandparasiticnaturalenemiesofthesevarious



pestspeciesduringtheiregglarvalandpupaldevelopment
BayandLegner1963Bayetal1964Legner1966
LegnerandOlton1968aLegneretal1966and1967
Highhostspecificityhoweverappearstoberestrictedto
parasiticspeciesintheColeopteraandHymenopteraBe
causetheirattackoccursprincipallyagainstlaterhostde
velopmentalstagestheireffectsonpopulationregulation
ofthehostsistheoreticallygreaterthaneggandlarvalpred
atorssothattheircandidacyasbiologicalcontrolagentsis
emphasizedLegnerandOlton1968

ColonizedNaturalEnemies Tables1and2listthose

naturalenemyspeciesthathavebeencolonizedinCalifornia
forthebiologicalcontrolofHippelateseyegnatsanddung
breedingfliesrespectivelyAppropriateliteraturereferences
andtheUniversityofCaliforniaDepartmentofBiological
ControlpertinentimportationS RReportnumberare
includedforthebenefitoffuturereferences

DistinguishingCharacteristicsofImportedNaturalEn
emies Forbiologicalcontrolofeyegnatsthecynipid
HexacolaspnearwebsteriCrawfordsecuredinhotand
dryareasoftheWestIndiesattacksyoungHippelateslarvae
inrecentlywetirrigatedfieldItsparasitizationrateunder
theseWestIndiesconditionshasbeenconsiderablygreater
thanournativeHexacolaspfromsimilarhabitatsLegner
andBay1964

Table1NaturalenemiesofHippelateseyegnatscolonizedinCaliforniathrough1968

FamilyandSpecies

Cynipidae
HexacolaspnearwebsteriCrawford

Diapriidae
TrichopriaoccidentalisFouts

Trichopriansp

Pteromalidae

EupteromalushemipterusWalker

SpalangiadrosophilaeAshmead

SpalangiadrosophilaeAshmead

SpalangiadrosophilaeAshmead

Staphylinidae
Aleocharansp

ThediapriidpupalparasiteTrichopriaspwassimilarly
moreactiveintheWestIndiesthanournativeTrichopria

PhaenopriaoccidentalisFoutsLegnerandBay1964
Legneretal1966

TwoWestIndianstrainsofthepteromalidSpalangia
drosophilaeAshmeadexhibitingvariousuniquecharacter
isticsoffecundityandlongevityLegner1967werefa
voredascandidatesforintroduction

SomenativeCalifornianparasitesweretranslocatedto
portionsofthestatewheretheywerenotknowntooccur
inordertoincreaselocalnaturalenemycomplexesTable1

Theactivityofnativeandimportednaturalenemiesis
largelycurtailedwhenthefieldsinwhichtheirhostsare

locatedarecultivatedLegner1968Thisisseeminglya
resultofburyingalreadyformedpupariaoutofreachof
theirenemiesaspreviouslyhypothesizedBayandLegner
1963andthroughthebreakingofthehabitatattraction
stimuliforbothlarvalandpupalparasitesLegner1968
LegnerandOlton1969

Forbiologicalcontroloffliesbreedinginanimalexcre
menttheencyrtidTachinaephaguszealandicusAshmead
hasbeenfoundespeciallyactiveunderawidearrayofcli
maticconditionsinfieldandstockpiledexcrementinthe
SouthernHemisphereLegneretal1967Legnerand01
ton1968awhereitparasitizedlarvaeofseveralflyspecies

Originand
SRReport Number Dates

Types No released colonized

LS PuertoRico 56800 196468

SR6358

PuEn SCalifornia 8000 196265

PuEn Jamaica 47272 196468
SR6339

PuS SCalifornia 61425 196268

PuS SCalifornia 28000 196268

PuS Jamaica 55590 196468
SR6340

PuS PuertoRico 13010 196468
SR6329

PuS SCalifornia 8100 196667

1LSlarvalendophagoussolitaryPuSpupalectophagoussolitaryPuEnpupalendophagoussolitary
2Nativespeciesdisseminatedinareaswherethey werenotknowntooccur

References

Legner Bay
19641965

Bay Legner
1963
Bayetal
1964
Legneretal
1966

Bayetal
1964
Bay Legner
1963
Bayetal
1964
Legneretal
1966
Legner Bay
1965
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Table2NaturalenemiescolonizedinCaliforniathrough1968onspeciesonMuscidaeCalliphoridaeandSarcophagidae
breedinginstockpiledanimalexcrement

FamilyandSpecies

Encyrtidae
TachinaephaguszealandicusAshmead

Pteromalidae

MuscidifuraxraptorGiraultandSanders

MraptorG S

SpalangianigraLatre11e
SpalangianigroaeneaCurtis

Sphegigastersp

Staphylinidae
AleocharataeniataErichson

ThelarvaeofmostofourpestiferousflyspeciesinCalifornia
werefreefromeffectiveparasitizationLegner1966and
unpublisheddataTachinaephaguszealandicushasnow
beenrecoveredinCaliforniafromMuscaandFanniaspecies
instockpiledexcrementandfromSarcophagasppincar
rionParasitizationofthelatterhostsoftenexceeds95

Threeseparatereproductivelyisolatedformsofthe
pteromalidMuscidifuraxraptorGiraultandSandershave
beenintroducedtocomplementourtwonativeforms
LegnerandOlton1968aand1968bTheimportedforms
differinthatoneisgregariousinlarvaldevelopmenta
notherisuniparentalandthethirdismerelyisolatedrepro

128

MraptorG S

SpalangiacameroniPerkins

ScameroniPerkins

ScameroniPerkins

SpalangiaendiusWalker

SendiusWalker

SpalangialongepetiolataBoucek

Originand
SRReport

Types No

LG

PuSu

PuG

PuS

PuS

PuS

PuS

PuS

PuS

PuS

PuS

PuS

PuS

PuS

Australia
NewZealand

SR673614

PuertoRico

SR6351
Chile

SR6529

CostaRica

SR6540B

TrinidadWI
SR6346

Australia

SR6736

Jamaica

SR6420

PuertoRico

SR6331

AmericanSamoa
SR6783

KenyaUganda
SR6653C

NCalifornia

Wisconsin

SR6365

SouthAfrica
SR6786

Jamaica
SR648

Number Dates

released colonized

38885 196768

241980 196468

18045 196568

10500 196668

79670 1964

1500 1968

13900 1964

122185 1964

1680 1968

3575 196768

950 196768

79690 1964

685 196768

201 196465

References

Legner Olton

1968ab
Legneretal
1967

Legner
1965 1969

Legneretal
1967
Legner1969
Legner1969
Legneretal
1967
Legneretal
1967
Legner Olton

1968
Legneretal
1967
Legneretal
1967
Legner Olton

1968
Legner Olton

1968
Legnerand
Greathead

1969

1LGlarvalendophagousgregariousPuGpupalectophagousgregariousPuSpupalectophagoussolitaryanduniparental
2StrainalreadypresentinCalifornia
3Nativespeciesdisseminatedinareaswheretheywerenotknowntooccur

Legneretal
1967
Legner Olton

1968

White Legner
1966

ductivelyLegner1969

SpalangialongepetiolataBoucekapteromalidpupalpar
asitefromEastAfricademonstratedgreatparasitization
activityatcoolhighelevationsandespeciallyinpoultry
excrementItisexpectedthatthisspecieswillbeavaluable
additiontotheparasiticfaunaincoastalCaliforniawhere

coolweatherconditionsprevailandhopefullyduringthe
winteronFanniafemoralis

Sphegigasterspanotherpteromalidpupalparasitefrom
Africawasfoundtofavorhostpuparianearoratthesur
faceofthehabitatmakingitsuitableforcertainconditions
ofFanniapupation



AleocharataeniataErichsonastaphylinidparasitepred
atorfromdrierregionsintheWestIndiesWhiteandLegner
1966wasaddedtotheSouthernCalifornianaturalenemy
complexinthehopethatitmaysupplementlocalAleochara
speciesthatrarelyassumeanydominanceduringthesum
mermonths

VariousexoticstrainsofSpalangiaspecieswerealsoin
troducedforthepurposeofincreasingtheireffectivecli
maticrangeTable2

AdditionalCandidatesforBiologicalControl Wewill

issueareportshortlyonthedistributionofwhollypreda
toryandscavengerspeciesfoundinstockpiledanimalex
crementinvariousmajorportionsoftheglobeThemain
themewillattempttoshowthatalthoughthereareindeed
anumberofcosmopolitanpredatoryandscavengerspecies
therearealsomanylocalizednoncosmopolitanspecies
thatmightbeconsideredascandidatesforintroduction
ThegreatestdifferencesseemtoexistbetweentheHolarctic
andtheEthiopianandNeotropicalregionsRepresentative
flybreedingsiteshavenowbeeninvestigatedinallofthe
worldsdomesticflyregionsexceptforpartsofAsiaOf
thoseregionsvisitednorthernEuropeSouthAmericaand
westernAfricahavebeentheleastwellexploredanditis
herethatitisfeltadditionalparasitesofthosehostsmay
yetbefound

Consideringtheclosesimilarityofparasitetypesandbe
haviorsthathavealreadybeenfoundtobedistributedwide
lyovertheglobeandthefrequencywithwhichthesame
groupieSpalangiasprecursdominantitseemsunlikely
thatwewillyetdiscoverspeciesthataresubstantiallydif
ferentormorepromisingthanthosewhichwenowhave
Moreadaptivestrainsofthesespeciesforselectedlocalized
habitatsisperhapsthemostthatwecananticipateThis
doesnothoweverprecludethepossibilitythatsuchnat
uralenemiesmayexistwhichhavebeenoverlookeddue

totheirstrongdensitydependenceandconsequentlytheir
extremescarcitywherethehostisundertheirspecificcon
trolThispossibilitytantalizesusparticularlyinthosesit
uationswhereconditionsappearidealformuscoidflybreed
ingbutwherefliesareunaccountablyfewerthanweare
accustomedtoassociatewiththebestnaturalenemyactiv
itythatweknow

SimilarlyforHippelatesspeciesapartfromtheexistence
ofdifferentstrainsoftheWestIndianparasitesinother
portionsoftheNeotropicsauthorsunpublisheddatawe
believethatamajorportionofthenoteworthyparasitic
faunahasbeendiscoveredItisdoubtfulthatothersuperior
specieswillbeforthcomingWhollypredatoryfaunainthe
Hippelatesmicrohabitatisconsistentlyofsuchextremely
lowdensitythatitisunlikelythatsuchfaunaplaysavital
roleintheregulationofHippelatespopulations
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KnudsenandRees1968describedandbrieflyevaluated
thefollowingmethodsusedinthisstudytocollectTabanidae
inUtahadryingchamberforobtainingtabanidlarvaeand
insectnetsemergencetrapsMalaisetrapsandStickem
SpecialtrapsforcollectingadultsThemostproductive

methodusedforcollectingadultswastheStickemSpecial
trapconstructedwith2twelveinchsquaresurfacestowhich
aslowdryingadhesivesubstanceStickemSpecialMich
ellandPeltonCompanyEmeryvilleCaliforniawasapplied

Inthesummerof1968amodifiedStickemtrapwith
4twelveinchsquaresurfaceswasconstructedInanattempt
toincreasethenumberoffliescomingtothetrapCOas
dryicewasusedasanaddedattractantFigure1Thecar
bondioxidebaitedtrapwasusedatonesiteonlyAtfive
othersitesinthestudyarea10foursidednonbaited

StickemtrapswereoperatedThetrapswereplacedina
verticalpositionwiththebottomofeachsidetwelveinches
abovethegroundwiththefoursurfacesofthetrapfacing
northsoutheastandwest

Duringthe1968seasonthetennonbaitedStickem
trapswithtwotrapsineachlocationwereplacedwhenpos
sibleoneingreasewoodSarcobatusvermiculatusHook
TorrandtheotherinsaltgrassDistichlisstrictaTorr
RybdThiswasdoneinanattempttodeterminewhether
differencesexistinthenumberoffliespresentinthetwo
vegetativetypes

ThetrapswereoperatedcontinuouslyfromJune12to
November11968Thetrappedflieswerecountedidenti
fiedandremovedthreetimesaweekatabout48hourin

tervals

Results

Duringthis41monthperiod46311adultfemaleflies
werecollectedonthetennonbaitedtrapsSixtabanidspe
cieswerecollectednaraelyChrysopsdiscalisWilliston
ChrysopsaestuansvanderWulpHybomitrasonomensis
OstenSackenTabanusproductusHineTabanussimilis
MacqandAtyletusincissralisWlk

StickemTrapWithCarbonDioxideTheCO2baited
trapwasoperatedingreasewoodAdryicechamberwas
constructedofstyrofoarntwoinchesthickandfourteen
inchessquareontheoutsideThischamberwasplacedon
thegroundwithinthefourinsidesurfacesofaStickem
trapDryicewasplacedinthechamberandaoneinch
squareholewascutnearthetopofeachsideofthecham
bertoprovideforthereleaseoftheCO2attractantThe
amountofdryiceusedduringadayrangedfromfiveto
tenpoundsdependingonthetemperature

Adultfemaletabanidsthatwereattractedswarmedabout

thetrapandwouldgenerallyalightonthestickysurface
wheretheybecameattachedTheStickemmaterialwas
appliedtoadepthofapproximatelyoneeighthofaninch
atthebeginningofeachdaywhencollectionsweremade

Thecollectionsweremadeonceortwiceaweekfrom

July3toSeptember241968Thecollectionperiodwas

212hoursFromonetosixcollectionsweremadeeachday
thetrapwasoperatedwithanaverageofthreeperiodsper
dayDuringthelasthalfhourofeachperiodtheflieswere
identifiedcountedandremovedfromthetrapwithfor
cepsAttimesduetothegreatnumberoffliescaptured
countingandremovalrequiredanhourormoreThecount
ingofasingletwelveinchsquaresurfacebecamedifficult
whenthefliesbecameattachedinsuperimposedstickylay

ersThecountingwasfurtherhamperedbythelargebee
likeswarmsoftabanidfemaleswhichconstantlycircledthe
trapwhilethisworkwasinprogress

Thenumberoffliesonthefoursurfaceswastabulated

separatelyanddividedintotwotimeperiodsperdayinor
dertodeterminepossibleeffectsoftemperatureandlight
onthecollectionsmadeoneachsideofthetrapTime
Period1includedthosefliescollectedfrom745amto

130pmtheapproximatemeridianduetodaylightsav
ingstimePeriodIIincludedfliescollectedfrom130to
900pmDatarecordedduringeachsamplingperiodin
cludedtemperaturesandtimeofdayFollowingeachcount
thesubsequent2hourperiodbeganThisprocedurewas
generallyfollowedthroughouttheday

Results

Duringtheseason40332adultfemaletabanidswere
collectedintheCO2baitedtrapduring115hours462h
hourperiodsconductedonseventeendaysVeryfewmale
tabanidswerecapturedAnaverageof35071flieswerecol
lectedperhouror8768fliesper212hourperiodThenum
beroffliescountedforasingle212hourperiodrangedfrom
zeroto3400Bycomparisonduringaperiodof76days
July3toSeptember26thegreatestnumberoftabanids
collectedinasinglenonbaitedStickemtrapoperatedin
greasewoodwas6541Thistrapwasoperatedcontinuously
onanaverageofthirteendaylighthoursperdayThehourly
averagewas662fliesThenumberoffliescountedovera
48hourperiod26daylighthoursrangedfromzeroto
1226Figure2

ThetemperatureatwhichtheCO2baitedcollections
wereconductedrangedfrom54to95FFivetabanid
specieswerecollectedtheyareinorderoftheirabun
danceCdiscalis39658Hsonomensis668Tpro
ductus4Tsimilis1andChrysopsfulvasterOS1
Figure3

Thenumberoffliescountedoneachbaitedtrapsurface
duringtheseasonwasnorth11675east12691south
6454andwest9512Acomparisonofthepercentof
fliescollectedonthefoursurfacesduringthetwotimeperi
odsisPeriodInorth331 west301 east225
andsouth142 PeriodIIeast389 north258
west179 andsouth174 Thehighestpercentof
fliescollectedwasontheshadedsurfacesofthetrapThe
reasonforthisapparentpreferenceisnotknownbutmay
beduetoeitherdifferencesintemperatureorlightinten
sity
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Conclusions

1DuringthisstudyaCO2baitedStickemtrapcol
lectedfiftythreetimesthenumberoffliestakeninanynon
baitedStickemtrapThiswasdeterminedonanaverage
daylighthourlybasisoftrapoperation

2Nosignificantdifferenceswereapparentinthenum
beroftabanidscollectedinthenonbaitedtrapsoperatedin
greasewoodandsaltgrassvegetation

3OntheCO2baitedtraptheshadedsurfacesweremore
attractivetothefliesthanthenonshadedsurfaces

4AsaresultofthisstudyitcanbeassumedthatStick
emtrapsbaitedwithCO2haveapotentialuseforthecon
troloftabanidsLargertrapsingreaternumbersinselected
areasmaysubstantiallyreducetabanidpopulationsThe
costoflargerscaleoperationofsuchtrapsforcontrolpur
posesmayprohibittheiruse
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MIDGECONTROLINFLOODCHANNELS

CurtisLBarnes

OrangeCountyMosquitoAbatementDistrict

WeinOrangeCountyhavemajorproblemsotherthan
mosquitoesinourfloodcontrolchannelsaswellasinthe
depressionswaterspreadingareasandreservoirsThisprob
lemistheproductionofexcessivenumbersofchironomid
midgesOurDistrictentomologistJohnGShanafelthas
identifiedourchironomidsasbelongingtothefollowing
generaChironomusTanypusProcladiusandGoeldi
chironomus

Itisinterestingtonotethatthisproblemhasgradually
increasedoverthepasttenyearsFactorswhichhave

Application
Test Rate

No Larvicide FormulationLbsacre
1 Baytex
2 ABATE

3 Ethylparathion
4 Methylparathion

5 Methylparathion
6 Carbamate

2granules 020

1granules 020

2granules 020

2granules 020

2granules 020

2granules 020

2granules 020

4granules 020

4granules 004

broughtaboutthischangeincludetheconstructionofnew
floodchannelswaterspreadingoperationsreservoirsand
ornamentallakesaswellasthehumanpopulationboom
Withthesteadyinfluxofpeopleagriculturalareaswerere
placedbyurbandevelopmentsNewfloodchannelswere
dugtoprovidestreetdrainagerequiredbythenewsubdivi
sionsIn1957welisted36floodchannelstotaling70miles
inlengthAsacomparisontodaywelist107channels238
milesinlengtha200increaseinabout10years

Asnewchannelswereputinoperationthetreatmentof
mosquitobreedingbeganandthemosquitopopulationwas
kepttoaminimumorat100controlTheseareaswere
treatedona10to18daycyclewith1ABATEorBay
texgranulesIn196667themidgepopulationinflood
channelsbegantodeveloprunningfromanaverageof8to
150larvaepersquarefootwiththestarringroleofChiron
omusandTanypusleadingthecreditsBytheendof1967
themidgepopulationwasonagreatupswinglastingthrough
thewintermonthsThemidgeproblemwasgettingtoa
criticalstageashomeswerebeingbuiltnexttothechannels
Adultmidgepopulationsrestingonthewallsandwindows
ofthesehomesreachedashighas2000persideAtthebe
ginningof1968webeganastudyofthemidgeproduction
inoneofthesechannelsthreemilesinlengthTheprimary
purposewastodeterminebettercontrolmethodstoreduce
orminimizethemidgeproductionandtodeterminethe
speciesVariousfactorswereevaluatedMuchdepended
upontheecologyandthehabitsoftheparticularspeciesto
becontrolledAvalidchoiceoflarvicidedependedonan
entomologicaldeterminationofthespeciespresentTodate
wehavefoundthatclimaticconditionshaveplayednomajor
roleinthesearea

Forourinspectionsandcontrolweselectedachannel
threemilesinlengthand50feetwideInspectionswere
madeeverysevendaysandtreatmentsona714daycycle
Wearenotpresentingacompleterecordonlyoneincon
tentastohighlightsofthischannel

Table1ResultsofmidgeinvestigationandtreatmentinanOrangeCountyfloodcontrolchannel1968

MidgeLarvaeSqFt
Pre Post

Treatment Treatment

50 50

100 100

150 150

150 25

200 100

100 50

Reduction

0

0

0

83

50

50

ExperimentalgranulesFurnishedbyDrMirMullaoftheUniversityofCaliforniaRiversidePostinspection72hours
aftertreatment



Theevaluationofthechartwasconcludedinthisman
nereventhoughBaytexandABATEhavebeenusedsuc

cessfullyinthepasttwoseasonsonroadsideditchesgut
tersandcatchbasinsforthetreatmentofmosquitoesthe
twoinsecticidesperformedatalowlevelinthechannelfor

thecontrolofmidgesMethylparathionandtheexperi
mentalcarbamateappeartobethebestinsecticidesforthe

controlofchironomidmidgeproblemsinOrangeCountyat
thistime

Fromanoperationalstandpointwehavefoundbyex
periencethatwhenlarvalcountsreachanaverageof1050
persquarefootapublicnuisanceiscreatedwhichaffects
thehomesborderingthefloodchannelsThenumberof
adultmidgesobservedrestingonthesidesofthehomes
willbeseveralhundredAsthelarvalcountsincreasethe
nuisancebecomesintenseandtheadultmidgesmovefarther
awayfromthechannelHomeslocatedthreeblocksaway
havebeenaffectedwhenlarvalcountsreach100200per
squarefootWhentheselarvalcountsarereachedtherate
ofadultemergenceissogreatthatanuisanceiscreatedin
thefollowingmanner

1Adultmidgesfrom50toseveralthousandcanbe
foundaroundprotectedareasofthehomeDuetothe
homesbeingsoclosetothechannelsthemidgesareattract
edtothehomesbylightsatnight

2Adultmidgesreadilyenterthehouseorcreateamen
talagonytothehousewifewhentheydropintoandonto
foodandfoodcontainers

3Duetolargenumbersaroundthehomestwophysical
hardshipsarebroughtabout

aWhenhomesarebeingconstructedaproblemis
createdforthepaintersasadultslightuponnewly
paintedsurfacesandinsomeinstancesrepainting
mustbedoneThissituationalsoariseswhenthe

homeownerisremodelingthehome
bDuetothelargenumberofadultsanothercon
ditionarisesthisbeingtheadultslayingeggsonthe
sidesofhomesEachmasscontains1to2000eggs
andattimesthesidesofthehomesarediscoloredand

mustberepaintedeventhoughthehomesareonly
onetotwoyearsold

4AdistinctdisadvantagetotheDistrictiscreatedby
thelikenessoftheadultmidgestomosquitoesThisholds
trueforabout95ofthegeneralpublicDuetothismuch
timeandeffortisspentonservicerequestsandeducating
thepublicastothedifferencebetweenthetwoinsects

DURSBAN EFFECTIVEFORMOSQUITOCONTROL
INCREEKBOTTOMSANDDUCKPONDS

DaleWBest

OrangeCountyMosquitoAbatementDistrictSantaAna

AfieldexperimenttodeterminetheabilityofDursban
todisbursethroughthickvegetationandprovidelarvalcon

trolinsewageeffleentdischargedintoadrycreekbedtwo
mileslongwassetupinSeptemberof1967

ThequantityofDursbantobeappliedwasdetermined
bythedistrictentomologistJohnGShanafeltonthe
basisofflowingallonsperminutetogiveanapplication
rateof04ppmoveraonehourperiod

WiththeformationofRossmoorLeisureWorldSub
Divisionplansweretousethewastewaterfromthesani
tationplantonthegolfcourseThewaterisheldinares
ervoirandthenpumpedoutforirrigationbutduetothe
increaseinpopulationexcesstreatedeffluentwasdischarg
edintoSanDiegoCreekinaccordancewithrequirements
establishedbytheSantaAnaRiverRegionalWaterControl
BoardRatesashighas800000gallonsperdaywereob
servedThiscreekisgrownupwithcattailswillowsand
weedsandisinaccessibletospraybyhandorbypower
equipment

PretreatmentinspectionshowedlarvalcountsofCulex
peasat250perdipEggraftswerealsopresentOnSep
tember1219670125lbofDursbaninsixgallonsofwa
terwasintroudcedthroughsprayingsystemsTJetNozzle
8001overaperiodofonehouratthepointofdischargein
toSanDiegoCreekAfter24hours100mortalitywasob
servedfor5000feetdownstreamfromthepointofappli
cation90mortalitywasobservedforthenext5000feet
tothepointwherethestreamwasdammedoffAfter48

hoursnomosquitolarvaecouldbefoundPupaeweretaken
attherateofonlyonein25dipsMosquitofishwerenot
affected

Therateofapplicationbasedontheactualareaofaf
fectedkillwas005lbperacreThetotalareawasapprox
imately25acres

Reinfestationdidnotoccurfor28daysaftertreatment

whenfirstinstarCulexlarvaewereobservedSixtydaysafter
treatmentasecondapplicationof0125lbofDursban
wasinjectedoveraonehourperiodCulexpeaswerepre
sentinallstagesattherateof23perdipMosquitofish
werepresentbutcouldnotestablishcompletecontrolbe
causeofthedensevegetation100mortalitywasobtained
after48hoursandreinfestationwasnotobserveduntil25

dayslaterwhenfirsttothirdinstarsweretakenattherate
ofthreeperdipinisolatedplaces

InAugustof1968thissectionofSanDiegoCreekwas
treatedthesamewayasin1967Pretreatmentinspection
foundCulexpeaslarvaeat500perdipDursbanwasap
pliedtotheflowingwatertogivea06ppmdosagerateor
anequivalentrateof008poundsperacreControlafter24
hourswas100 Deadchironomidlarvaewereobserved

MosquitofishwerenotaffectedThenexttreatmentwas
notrequireduntil39dayslater

Induckcluboperationitisalwaysdesirabletostart
earlyfloodingofduckpondstoattractducksInOrange
CountythisfloodingisstartedinlateAugustorearlySep
temberThisisalwaysabout40daysbeforeduckseason
opensinOctoberTheSanJoaquinDuckClubstarted
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floodingpondsinlateAugust1968FirstCulexlarvae
startedshowingupthefirstpartofSeptember

Mosquitocontrolinpondsthatarefloodedbyduck
clubsistheresponsibilityoftheduckclubownersExcept
inanemergencythesprayingisdonebyclubemployees
withthehelpofdistrictinspection

Withthecooperationoftheduckclubownerscertain

pondswerepickedoutforFieldexperimentaluseofDursban
SprayingwasdonebytheDistrictusingtwogallonhand
sprayerand8001TJetNozzle

Fourpondswithatotalareaof105acresweresprayed
attherateof005lbDursbanperacrePretreatmentin
spectionshowedlarvalandpupalcountsfrom100to250
perdipAtwentyfourhcurcheckshowedcountsof10to
75perdipbutafter72hours100mortalitywasobtained
Posttreatmentinspectionfor30daysshowedhardlyany
buildup

OrangeCountyMosquitoAbatementDistrictSantaAna

FlitMLOwassuccessullyusedduringthe1968season
tocontrolmosquitobreedingwithin10squaremilesofur
banarea

FlitMLOisalarvicidaloildevelopedbytheHumble
OilandRefiningCompanyThisnewinsecticidewasfirstin
vestigatedbycompanyresearchscientistsin1962Labora
toryworkwasstartedin1963andextensivefieldtestingwas
doneinearly1967atselectedlocationsinTexasLouisiana
andMississippiThesetestswereconductedindrainage
ditchescatchbasinsandsaltmarches

OurDistrictbeganusingFlitMLOonacommunitydrain
agerouteonJuly111968Thetestingwasdoneinthe
citiesofPlacentiaandYorbaLindalocatedinnorthern

OrangeCountyTheFlitMLOwasappliedbythecontrol
operatoronaroutineoperationalbasiswithinthe10square
miletestareaSimilarbreedingsourcesinotherurbanareas
underthejurisdictionofthecontroloperatorconsistingof
22squaremilesweretreatedwithBaytexgranulesandor
BaytexoilsolutionTheeffectivenessofFlitMLOincon
trollingmosquitobreedingwithinthetestareawascompar
edwiththeeffectivenessoftheDistrictsstandardproce
duresdescribedaboveThetotalurbanareawithintheDis

trictis310squaremiles

Thenumberofdaysbetweentestswas133daysThea
mountofFlitMLOusedwas133gallonsForoffstreetap
plicationFlitMLOwasappliedbytwogallonhandcan
using40psiandaSprayingSystemNo8001nozzleForall
othertreatmenttheMLOwasappliedfromajeepdrivenat
approximately5mphusingthesamenozzleandpressure
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USEOFFLITMLOFOR
URBANMOSQUITOCONTROL

NicholasDPerruzzi

Recordswerekeptduringthetestinglistingall25test
sourcesWherebreedingwasfounditwasrecordedshowing
stageandamountperdipForsimplicitythenumberoflar
vaeperdipwereindicatedintheirdegreeofintensityas
followsLight0to10Medium10to50andHeavy50
Testsitesthatwerefoundbreedingweretreatedattherate
offourgallonsperacre

AftertreatingtestsiteswithFlitMLOthefirstcheck
wasmadeafteratimelapseof24hoursAsecondcheckwas
madeafteratimelapseof48hoursAftertestingforafive
monthperiodthefollowingobservationsweremadeFlit
MLOiseasilyappliedusingafanspraypatternexceptona
reasonablywindydayWherethereisaheavygrowthof
weedsorgrassthetimeneededfortreatmentincreasesbe

causeofthedifficultyingettingFlitMLOthroughthe
growthontowaterThiswouldalsobetrueforanyoilsolu
tionItwasobservedthatwherewaterwascoveredwitha

foreignsubstancetherewasaproblemgettingFlitMLOto
coverthesurface

Onthe24hourcheckitwasfoundthat90mortality

wasachievedonlarvaeofallstagesand75mortalityon
pupaeThe48hourcheckhoweverrevealedthat95100
mortaltiywasachievedonallstagesoflarvaeandonpupae
FromanoperationalstandpointtheuseofFlitMLOona
twoweekspraycyclegavesatisfactorycontrolofmosquito
breedingincommunitydrainagefacilitieswithinurbanareas
Asevendayspraycyclewasrequiredintheotherurban
areasofOrangeCountyusingstandardlarvicidesduringthis
testperiodTheuseofFlitMLOinthe10squaremiletest
areareducedby50themanhoursnormallyrequiredfor
sprayingthecommunitydrainagesources

INTERAGENCYDEVELOPMENTOF

PESTCONTROLBULLETINS

FrankWPelsue

SoutheastMosquitoAbatementDistrictSouthGate

Thehistoryofpestcontrolbulletinsdatesbackmany
yearsManyagencieshavedevelopedvarioustypesofbul
letinsindependentlytodisseminateinformationregarding
thecontroldescriptionandbiologyofvariouspestspecies
BulletinsandcircularspublishedbytheUSDAareusually
intendedforusebytechnicalpersonnelorpeopleworking
inthefieldofpestcontrolwithafewgearedtothelayman
ThisisalsotrueofmaterialpublishedbytheStateDepart
mentsofPublicHealthandAgricultureaswellasuniver
sities

Pestbulletinsandcircularsintendedforthelaymanare

usuallydistributeduponrequestbytheUniversityofCal
iforniaAgriculturalExtensionServicethroughthelocal
farmadvisorsofficeagriculturalcommissionersoffice
stateandcountypublichealthdepartmentsandmosquito



abatementdistrictsTheseoneortwopagepestbulletins
aremadeupindependentlybythevariousagenciesandus
uallypertaintopestsmostcommonlyencounteredbythe
laymansuchasfleasfliesclovermitesfungusgnats
cockroachesandspidersEachagencyusuallyonlyhaspest
bulletinsthatcoverpestspertinenttothatagencyforex
amplethecountyhealthdepartmentonlyhasbulletinsfor
generaldistributiononpublichealthpestsbuttheygetre
questsforinformationregardingagriculturalpestsandgar
denpestsWhenthehealthdepartmentreceivesacallre
gardinganagriculturalpestcontrolproblemtheentomol
ogistcaneithergivethenecessaryinformationforcontrol
ofthepestverballyoverthetelephoneifheisfamiliarwith
thecontrolofthisparticularpestorhecanreferthein
quiringpersontothefarmadvisorortheagriculturalcom
missioner

Theideaofcooperativedevelopmentofpestcontrolbul
letinsisnotnewOrangeCountyhasdevelopedaseriesof
pestcontrolbulletinsutilizingseveralcooperatingagencies
includingtheOrangeCountyMADInLosAngelesCounty
thefollowingagenciesarecooperatinginthedevelopment
ofaseriesofpestcontrolbulletinsandincludeSoutheast
MADLosAngelesCountyHealthDepartmentLosAngeles
CountyAgriculturalCommissionersOfficeFarmAdvisors
OfficeandtheStateandCountyArboretumUnderthe
leadershipoftheManageroftheSoutheastMADGardner
CMcFarlandacommitteewasformedwithonemember

representingeachagencyTheAgriculturalCommissioners
Officewasappointedchairmanofthecommitteeandeditor
ofthebulletinsThecommitteewasgivenofficialrecog
nitionbytheBoardofSupervisorsofLosAngelesCounty
anditwasdecidedthatoneagencywouldbudgetforthe
costofpublicationInourcasetheagriculturalcommis
sionerwillbudgettocovercostshoweveritmakesnodif
ferencewhatagencydoesthebudgetingbutitismorefeas
ibleifonlyoneagencydoesthebudgeting

Probablytheprimarypurposeforhavinganinteragency
pestcontrolbulletinistoprovideuniformstandardizedin
formationgearedtothelaymanenablinghimtocopewith
thecommonpestcontrolproblemsthatareencounteredin
oraboutthehomeEachagencyisdisseminatingthesame
informationthuseliminatingthepossiblityofconfusion
thatmightarisewhenrecommendingaparticularcontrol
measureAnotherminorreasonforhavinganinteragency
pestcontrolbulletinisthattheworkloadisspreadaround
enablingmorepeststobecoveredinashorterperiodofde
velopmentaltimePublicrelationsisanimportantfactorin
usinganinteragencypestcontrolbulletininthatitelimin
atesswitchingapersonfromoneagencytoanotherwhich
sometimesupsetspeopleinquiringaboutcontrolmeasures
overthephoneThesealsoprovideareadyreference

Thepestbulletinconsistsofasinglesheetwithaheading
PestControlBulletininboldlettersJustabovethehead

inginsmallerlettersisCountyofLosAngelesinteragency
todenotethatitisacooperativeeffortwithnoreferenceto

aparticularagencyThenameofeachagencydistributing
thebulletinsisstampedonbythatparticularagencylisting
thenameaddressandtelephonenumberThebulletinsare
alsonumberedconsecutivelyThebulletincontainsabrief
descriptionofthepestitsgeneralhabitsandpracticalcon
trolmeasuresThechemicalsmentionedinthecontrolsec

tionofthebulletinareonlythosewhichhavethepestbeing
discussedonthelabelWeattempttostresstothepeople
usingthesebulletinstheimportanceoffollowingthedirec
tionsonthelabelofthepesticidesowehaveourcautions
sectionoutlinedinlargeboldlinessothissectioncanbe
readilyseenThisrelievestheagencyofanyresponsibility
ifthepesticideismisusedAtthepresenttimethereare13
bulletinsavailablecoveringthefollowingpests

CurrentPestControlBulletins

1CloverMite 8FungusGnats
2Ants 9Wasps

3FalseChinchBug 10SilverfishandFirebrats

4Fleas 11Termites

5HoneyBees 12FoodInfestingInsects
6MarchFlies 13Cockroaches

7Spiders

Someofthepeststobecoveredinsucceedingbulletins
areflieswoodboringbeetlescarpetbeetlesandclothes
mothsbedbugsboxelderbugsearwigscricketsground
beetleschironomidmidgesmosquitoesandticks

Webelievethatthesebulletinsareanaidtothepublic
andtheyarecertainlyanaidtotheagencieswhichdistribute
themWehopethismightstimulatemorecountiestodevel
opsimilartypesofinteragencypestcontrolbulletins

GENERALOPERATIONALPROGRAMINTHE

DELTAMOSQUITOABATEMENTDISTRICT

RobertETurner

DeltaMosquitoAbatementDistrictVisalia

TheDeltaMosquitoAbatementDistrictwasformedin
1922withtheprimarygoalofreducingtheseriousmalaria
problemintheVisaliaareaOriginallyitwasapproximately
sixteensquaremilesinsizeandembracedtheCityofVisalia
anditsimmediatesuburbsEarlyprogrameffortsconsisted
ofapplyingoiltothelocalsloughsandswampyareasandto
somedegreedrainingandfillingthemTogetherwithdevel
opingagriculturalpracticesoffillingandlandlevelingthe
districtwasableintheensuingtentotwentyyearstore
ducethemalariaincidencetoanegligiblelevelDuringthis
perioditbecameobviousthatotherpestanddiseasetrans
mittingmosquitoesweretomakeaneffectiveprogramim
possibleunlesstheDistrictwereexpandedconsiderablyAs
aresultintheperiodjustfollowingWorldWarIItheDis
trictannexedcontiguousareasandexpandedtoitspresent

135



sizeofsome712squaremilesItwasduringthisperiod
thatmoderndayinsecticidsbecameavailableandtogether
withincreasedknowledgeofmosquitobiologyapractical
controlprogrambecamepossible

TodaysprogramintheDeltaMADconsistsofaone
manonejeepperzonephilosophyWeemploythirteenper
manentinspectoroperatorsandbackthemupwithallthe
supportiveservicesandequipmentthatseemsdesirableThe
operatorischargedwiththeresponsibilityofdevelopingthe
programinhiszoneincludingmappingandrecordingsourc
estheinspectionandtreatmentofthosesourcesduringthe
breedingseasonandconsolidationofrecordsatseasons
endOtherwinteractivitiesincludemaintenanceandover

haulofDistrictvehiclesandequipmentbuildingandground
upkeeptheupdatingofmapsandrecordingofcropsplus
thetakingofaccruedvacations

Duringthepeakperiodofmosquitodevelopmentour
basiccrewissupplementedbytheadditionofapproximately
22seniorhighschoolandcollegemenAtthistimeourper
manentinspectoroperatorsresponsibilitiesaregenerallyre
ducedtothecontrolofthepasturemosquitoAedes
nigromaculistheencephalitismosquitoCulextarsalis
andthefloodwatermosquitoAedesvexansThetreehole
mosquitoAedessierrensisisaseverepestintheearlysea
sonandiscontrolledbyairplaneadulticidingthelarger
sourceareasandsometreesurgerybytheowneronasmall
erscaleThesummermenassumethejobofhandlingthe
housemosquitoCulexquinquefasciatusandothermosqui
toesoflesserimportancethefoulwaterCulexpeusthe
AnophelesandtheredbodiedCulexerythrothorax

Thejobassignmentsofthesesupplementalsummer
crewmenhaveevolvedduringseveralyearstoafairlyset
patternTheDistrictisdividedintosevenzonesindepend
entofourpermanentcontrolzonesandonemanismade
responsiblefortheinspectionandtreatmentofallhouse
mosquitosourcesinazoneHeistrainedtofollowthispat
ternFirsteliminatethesourceifpossibleIfthiscannotbe
donemodifythesourcebytheplantingoffishremovalof
weedsormakinganyotherenvironmentalchangethatwill
discouragemosquitoproductionIfneitheroftheseprac
ticesispossiblehewilltreatthesourcewiththeappropri
atematerialWherecontaminationbyinsecticidaltreatment
isundesirablehewilluseasurfactantorundersomecir
cumstancesoilThesousrecordsheworkswitharethe

resultofyearsofpremisesbypremisessurveyandarekept
currentbycontinualresurveybyanothergroupofthese
summermenTwomentakecareofthetreatmentofallthe

dairydrainsumpsonatwiceweeklybasisandoneman
drivingarighthanddrivejeeptreatsallthecatchbasins
stormdrainsandsewagelagoonsintheDistrictWeassign
onemanasamechanicshelperandwehaveonemancalled
aspecialproblemstechnician whotroubleshootsall

othersituationsneedingatentionOurDistricthasforsev
eralyearsbeeninvolvedinthestudyofseveralspeciesof
fliesoflocalimportanceandtwoofoursummermenwork
withthemanagerentomologistindevelopingthisprogram
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Earlierinthispresentationitwasnotedthatsupportive

serviceswereprovidedourfieldmenasneededTheDis
trictownsonePiperPawnee235andemploysafulltime
pilotwhoworksdirectlywiththeinspectoroperatorsona
dailytreatmentscheduleRoutineweekcontrolisperformed
asneededonsewagepondsanddairydrainlagoonsbyoil
ingandburningduringtheseasonandsupplementedbythe
applicationofsoilsterilantsinthefallAconstantflowof
informationispassedtothesourcereductionunitofour
programwhichinturnengineersandconstructsthedesirable
installations

Wefeelwehavetheknowledgetheabilityandtheequip
menttoavoidthedevelopmentofgeneralwidespreadpop
ulationsofanymosquitospeciessolongaswehaveavail
ableaneffectiveinsecticideDailyassessmentofservicere
questslegcountsinpasturesourceareasrestinghousemos
quitoadultcountsandimmediateposttreatmentrecords
togetherwithfluidmanpowerassignmentpracticespermit
ustoidentifyandcontainmostpopulationincreasesona
relativelylocalizedlevelHowmucheffectthedevelopment
ofresistancetoavailablelarvicidesmayhavewecannotfore
tellbutitisreasonabletopresumethatsomemodification
ofthisprogramwillbeindicatedsoonandwerehopingto
beready

MentionshouldbemadeinclosingthattheDistrictis
cognizantofaneeditcanfillinthestudyandprogram
developmentforthecontrolofotherpublicpestsandwith
thisinmindhasinauguratedstudiesonthefliesmidgesand
gnatsoflocalimportance

FRESNOWESTSIDEMOSQUITOABATEMENT
DISTRICTEVALUATIONZONES

TOEQUALIZEWORKLOAD

ChesterEOwens

FresnoWestsideMosquitoAbatementDistrictFirebaugh

Theinformationforthisprojectwasdrawnfromthe
operatorsdailycontrolreportsandisbasedonastandard
ofcontrollingmosquitoestobelowthenuisancelevel

Thisevaluationwasdesignedtoequalizetheworkloads
ofthezoneoperatorsandtoreassuretheadministrative
staffconcerningobservationsandvocalcommunications
Itcanalsobeusedasaguideforfutureevaluationsbutit
shouldberememberedthatthisevaluationisnotentirely
validTherearecertainhumanfactorsthatwillinfluence

theevaluationthatwillnotbebroughtoutsuchasone
operatorismorecapableofbeingbetterorganizedboth
physicallyandmentallytoperformhisduties

Thisstudyisnotintendedtoevaluatetheoperatorbut
toevaluatethezoneSinceonecannotdismissthefactthat

theinnateabilitiesofeachoperatorwillhaveaneffectupon
thefiguresthatappearinthesummarygoodfieldsuper
visionmustbesuppliedtoremedytheweaknessesofthe
system



Table1MonthlysummariesofZone1controlreports

Acres UseofGroundEquipment
Treated TimeinHours Noof Gallons Acres SqFt

Months Aircraft Insp Spray General Shop Stops Sprayed Treated Treated Mileage

June 710 5505 1335 9000 145 316 26650 94 3585 1245

July 782 6320 1630 8910 300 331 28225 107 4975 1276

August 1458 6150 1550 9000 215 341 25850 129 3150 1388

September 853 5710 1105 8405 115 338 18400 79 3105 1186

TOTALS 3803 23725 5700 35315 815 1326 99125 409 14815 5095

TheFresnoWestsideMosquitoAbatementDistrictcovers
anareaof1325squaremilesThisDistrictatpresentis
dividedintotwopartswithaforemanassignedtoeach
divisionThedivisionforemenareundertheimmediate

supervisionofthesuperintendentThetwodivisionsare
subdividedinto13zonesAnoperatorisassignedtoeach
zoneundertheimmediatesupervisionofadivisionforeman
Ofthe13zoneswithintheDistrictonlytenareusedinthis
evaluationThesezonesarethemostimportantinmosquito

productionwithrelationtopeopleandlivestock

ThemonthsofJuneJulyAugustandSeptemberare
usedsincetheyarethemostproductivemosquitomonths

Beforetheoperatorsgointotheirzonestheyreceive
copiesofthedailycontrolreportformandaddtheirnames
numberofthezonethedateandthespeedometerreading
Astheoperatorsworktheirzonestheywriteonthecontrol
reportinpropersequencetheiractivities

Table2Zoneevaluationsactivitiesandworkload1968FresnoWestsideMosquitoAbatementDistrict

ZONES

AcresTreated
Aircraft
HOURS

Inspection
Spray
General

Shop
Stopsor
Inspections
GallonsMixed

Insecticide

AcresTreated

byGround
Sprayers
SqFtTreated
byGround
Sprayers
Mileage
Percentageor
FinalEvaluation

1968

Percentageor
FinalEvaluation

1967

1 2 3 4

Theinformationforthisprojectwasdevelopedbyre
cordingtenimportantcategoriesofmosquitocontrolwork
timewasrecordedinhours1acrestreatedbyaircraft
2inspectiontime3spraytime4generaltime
5shoptime6stopsorinspections7gallonsofmixed
insecticideused8acrestreated9squarefeettreated
bygroundequipmentand10mileageGroundvehicles
wereusedtoaccomplishthelastninecategoriesTable1is
anexampleofmonthlytotalsusingreportsfromZone1

Inordertocomparetheworkloadofeachzoneamethod
wasusedthattransformstheoriginalunitmeasurementsof
thevariousworkloadscategoriesintoindiciesTheindex
wascalculatedbyusingthetotalsforeachcategoryforthe
10importantzonesForexamplethetotalacrestreated
byaircraftforthefourmonthsselectedin1968inall10
zoneswere106985acresThisisconvertedintoaunit

indexbydividingthetotalacresinto100ie100

5 6 7 8 9 10 Unit

Index

342 139 181 144 102 56 177 58 61 20 0009

83 83 120 85 126 86 164 80 122 80 350

139 108 70 223 45 206 17 68 89 40 240

138 113 88 105 78 103 83 116 77 116 038

107 71 98 68 50 42 110 240 195 143 13

119 94 75 105 81 99 141 104 112 87 009

139 174 142 258 44 115 17 19 72 45 014

188 208 204 139 66 128 11 16 89 54 046

44 157 34 136 40 33 32 381 428 131 0003

132 109 115 76 94 94 110 157 99 112 0026

112 126 109 134 73 96 86 124 134 71

83 96 71 110 55 91 90 114 112 83



106985 00009Theunitindexshownoppositeeach
categoryinTable2wasderivedbythismethodTheunit
indexwhichchangesverylittlefromyeartoyearisthen
usedtocalculatethepergentofeachworkoroperations
categoryineachzoneThisisderivedbymultiplyingthe
unitindexoppositeeachcategorybythetotalunitsofwork
recordedineachcategoryineachzoneieforZone1
00009X3803 342seeTables1and2Thepercentage
offinalevaluationofthezoneisobtainedbyaddingto
gethereachofthepercentsshownundereachcategoryand
thendividingthetotalby10categoriesie342 83

13913810711913918844132

10 112seeTable2

ThedataobtainedbythismethodTable2willshow
thedifferenceintheworkloadineachzonebycomparing
finalevaluationsforeachzoneandtheoperationsorcate
goriesofworkwithinzonescanbeadjustedtoequalizethe
workloadandimprovetheefficiencyofcontroloperations

FORMULA A100B100ADBXCXE F

CODE X

A

B

C

D

E

F

percentageorfinalzoneevaluation
totalunitspercategoryfor10zones
unitindex

totalunitspercategoryperzone
percenteachcategory
totalpercentallcategoriesperzone
numberofcategoriesperzone

100 arbitrarilyselectednumberusedtocon
verteachcategoryintoanindexnumber

FIELDOBSERVATIONSOFORGANOPHOSPHATE
DRIPSYSTEMSAPPLIEDTOWASTEWATER

STABILIZATIONLAGOONSINSANJOAQUINCOUNTY

JamesMallarsandLesterRBrumbaugh
SanJoaquinMosquitoAbatementDistrictStockton

Renewedinterestinthecalibratedmethodofapplying
insecticidestoflowingandimpoundedwatershasstimulated
increasedusageoforganophosphatedripsystemmethodsin
CaliforniamosquitocontrolagenciesGeibandSmith
1949andSmithandGeib1949reportedtheuseofDDT
emulsionsinflowingwatertocontrolmosquitoesinrice
fieldsandirrigatedpasturesMullaandDarwazeh1968in
detailedstudieswithdripsystemsinpasturesindicated
promisingresultswithorganophosphatesSjogrenandMulla
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1968achievedeffectiveandeconomicalcontrolofmos
quitoesinflowingandquiescentwatersbythedripmethod
utilizingDursban fenthionandABATE

MethodsandMaterials

Navysurplusfivegallonstainlesssteelsurvivaldrums
wereutilizedtodispensetheinsecticideemulsionsThe
drumswerefittedwithquarterinchelbowsandnipplesto
whichplastichosewasclampedwherebytheemulsionlevels
withinthedrumcouldbeobservedatanytimeThedispens
ingnozzlesconsistedofaSprayingSystemtypeaTTmale
connectionandtypeaTfemaleconnectionTheconnect
ionswerefittedwithSprayingSystemsstainlesssteelorifice
No491629resultinginaconstantheadflowTherequired
amountofemulsifiableconcentratewasaddedtothefive

gallondrumwhichwasthenfilledwithwaterandagitated
tothoroughlymixtheemulsionsTheresultingfivegallon
emulsionswerethusdispensedtothemosquitosourcesover
aperiodof18hoursABATEandfenthionwerethetwo
organophosphatesutilizedinallapplicationsTenpretreat
mentandposttreatmentsampleswereestablishedatallsites
todeterminetheeffectivenessofthedripmethodsAddition
alsamplingwasalsoconductedatidealstaticareasofla
goonstofurtherevaluatetheeffectivenessofdriptreatments
Evaluationsweremade24hoursand48hoursaftertreat

mentAtthreetreatmentsitesratesofflowweretakenfrom

thedailyrecordsatthetreatmentplantpumpstationsAt
twositessinceratesofflowdatawerenotavailableap
plicationwasmadeinpoundspersurfaceacreoflagoons
Emulsifiableformulationswereappliedbythedripmethod
eitherattheinletpipestolagoonsatthepumpsoratthe
clarifierTwositeswerealsotreatedbydirectintroduction
oftheconcentratesluggingthewaterattheinletsto
ponds

TreatmentSitesandObservationsBoththedripmethod
andthesluggingmethodwereappliedtotomatoeffluent
attheTriValleyCannerswastewaterstabilizationlagoons
Thedripmethodwasappliedtotwoseriesofpondsser
vicedbytwoseparatepipelinesOnepondingsystemcon
sistingoffivelagoonscontainedheavysurfacescumofto
matoskinswhiletheothersystemconsistingoftwolagoons
containedonlyeffluentOnehundredpercentmortalityof
CulexpeuslarvaeandCulexpipienslarvaeoccurredinboth
systemsin24hoursat01partspermillionppmbasedon
aflowof21milliongallonsperdaymgdInthethirdsys
temadriptankwasinstalledonthesuctionsideofapump
introducingtheemulsionintothelinebyacoppertubing
connectionTheeffluentisdischargedtoa20acrefieldby
sprinklersinstalledat20footintervalsTheemulsionwas
introducedoveraperiodof30minutesatarateof01
poundperacreandthepumpthenshutoffforfourhours
Larvalmortalitywasconsistently100 Thesprinkledef
fluentthendischargesfromthefieldbyareturnditchto
a6miledrainagechannelThedrainagechannelwasslug
gedat01poundperacreatthreeequalpointsalongthe



Table1FenthionandABATEdripappliedtoTriValleyCannerslagoons20acresAveragenumberoflarvae10dips

PostTreat

ApplicationPeriod Date RatePPM lbsAcre PreTreat 48hr Control

Lagoons
18hours 82168ABATE 01 136 0 100

18hours 83068Fenthion 01 240 0 100

18hours 91168Fenthion 01 92 0 100

18hours 92368Fenthion 01 131 0 100

18hours 93068Fenthion 01 64 0 100

18hours10968Fenthion 01 193 0 100

18hours101668Fenthion 01 84 0 100

18hours102868Fenthion 01 114 0 100

SprinklerSystem20Acres
30minutes82168Fenthion 01 41 0 100

30minutes83068Fenthion 68 0 100

30minutes9668Fenthion 120 0 100

30minutes92368Fenthion 136 0 100

DrainageChannel6Mi30Acres
Slugging Fenthion 01 231 0 100

Slugging Fenthion 01 146 0 100

Slugging Fenthion 01 220 0 100

Slugging Fenthion 01 187 0 100

Slugging Fenthion 01 146 0 100

Slugging Fenthion 01 98 0 100

Slugging Fenthion 01 72 0 100

Slugging Fenthion 01 141 0 100

Table2FenthionandABATEdripappliedtoSimpsonLeePaperCompanylagoons102acresAveragenumberoflar
vaeper10dips

ApplicationPeriod Date RatePPM PreTreat PostTreat48hr Control

18hours 82168ABATE 01 47 0 100

18hours 82868Fenthion 01 180 0 100

18hours 9568Fenthion 01 93 0 100

18hours 91268Fenthion 01 211 0 100

18hours 92068Fenthion 01 139 0 100

18hours 92668Fenthion 01 103 0 100

18hours101068Fenthion 01 243 0 100

Table3FenthionandABATEdripappliedtoRiverbankoxidationponds30acresAveragenumberoflarvae10dips

ApplicationPeriod Date RatelbsAcre PreTreat PostTreat48hr Control

Slugging 82168ABATE 01 168 24 86

Slugging 82968ABATE 01 132 0 100

Slugging 9468Fenthion 01 211 0 100

Slugging 91268Fenthion 01 107 0 100

Slugging 92068Fenthion 01 93 0 100

Slugging10368Fenthion 01 119 0 100

Slugging101068Fenthion 01 126 0 100

Table4FenthiondripappliedtoTracyoxidationlagoons65acresAveragenumberoflarvae10dips

ApplicationPeriod Date

Slugging10268
Slugging101168
Slugging102568

RatePPM PreTreat PostTreat Control

01 64 6 90

01 83 0 100

01 78 0 100
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6mileintervalresultingin100mortalityoflarvaePrior
totheuseofthedripmethodcompletecontrolinthechan
nelwasdifficultbecauseofheavyweedgrowth

ThesecondsiteconsistedoftheSimpsonLeePaperCo
wastewaterlagoonsconsistingoftitaniumeffluentwhich
produceshighconcentrationsofCulextarsalisandCulex
peusTheemulsifiableformulationswereintroducedatthe
dischargewelloftheclarifierwhichdischargesintoaseries
offivepondsTheeffluentprogressivelyenterseachpond
throughweirgatesatthelowerendofeachpondMortal
itiesintheupperthreepondsreached100in24hoursand
100in48hoursinthetwolowerpondsatanapplication
rateof01ppmbasedonflowof18mgd

ThethirdsiteconsistedoftheRiverbankSewagePonds
ThesystemdischargestoanImhofftankandthentolagoons
Heavyorganicsurfacescumconstitutesaprobleminthein
dustriallagoonsandoccasionallyinthedomesticeffluent
lagoonsEmulsifiableformulationswereintroducedintothe
lagoonsbysluggingatirateof01poundperacreatthe
inletboxestolagoonsOnthefirstapplicationcomplete
mortalitydidnotoccurinthelarge30acreindustrialla
goonatthewestendwhichisthemostdistantpointfrom
theinletboxApumpwellatthewestendofthelagoon
dischargeswaterfromanearbyorchardundergroundtile
systemintothelagoonOnsubsequentapplicationsthein
secticideformulationwassplitbyintroducing23atthein
letboxand13atthepumpwellresultingin100mortal
ity

ThefourthsiteconsistedofthecityofTracyoxidation
lagooningsystemwhichincludesprimaryandsecondary
treatmentThe37acredomesticlagoonwhichismaintained
weedfreedoesnotproducemosquitoesThe65acreindus
triallagoonreceivingcanneryeffluentalthoughweedfree
produceslowconcentrationsofmosquitolarvaeEmulsifi
ableformulationswereintroducedintotheindustrialla

goonatarateof01ppmbasedonaflowof2mgdperday
Theindustriallagoonisleviedbyanarcshapedleveewith
insothatalagoonoccurswithinalagoonsotospeakSim
ilartotheRiverbankexperiencecompletemortalitydid
notoccurintheinnerlagoononthefirstapplicationwhich
wasmadeattheinletpumpboxSubsequentapplications
wereagainsplitbyintroducing34oftheemulsifiablefor
mulationattheinletpumpboxandY4atapointoverasub
surfaceculvertallowinginflowtotheinnerlagoonItis
noteworthythatnoevidenceofwaterflowisapparentin
thevicinityofthesubsuraceculvert

DiscussionandConclusions

Fieldobservationsindicatednoappreciabledifferences
ontheefficacyofABATEandfenthionAftertreatments
newlarvalpopulationswereobservedinthelagoonswithin
ashorttimeTables1234henceextendedresidual
activitywasnotapparentasobservedbyothersusing
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DursbanAlthoughLC50levelsforCulexpeusandCulex
pipiensintheDistrictindicatevigortolerancethelow
ratesoforganophosphatesappliedaffordedexcellentcon
trolItisalsoapparentthateconomicalandpracticalcon
trolofmosquitolarvaemaybeachievedbythedripmethod
inthepresenceofhighorganiccontentandoftenexcessive
weedgrowthincontrasttotheextendedmanhoursrequired
bytheuseofconventionalequipment

Safetyfeaturesmustbeconsideredatalltimeswithre
gardtoanimalsinquisitivepeopleandchildrenAttheTri
ValleyCannerstwodripdrumswereplacedwithinthepump
housesandmarkedwithpoisonlabelsOnedrumplacedon
theinletleveewasconstantlypatrolledbythewatertender
assuringahighdegreeofsafetyatthislocation

ThedrumatSimpsonLeePaperCompanywasinstalled
outofsightwithinthewelloftheclarifierwhichispro
tectedbyametalfenceandgateObviouslyitisalsoa
wiseproceduretonotifytheagencyinvolvedofyouractiv
itiesinuseofthedripmethod

Whereyoungpeoplevisitorbicyclethroughtheareaor
whereprotectivefencesetcarenotavailableperhapsthe
sluggingmethodisapropos

Otherconsiderationsincludeevaluationofthesystemas
towhetheritisatotalimpoundmentorwhetheritdis
chargestotheriversloughsorotherchannelswhereother
implicationsmayarise
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TehamaCountyMosquitoAbatementDistrictRedBluff

Lookingintothecrystalballoftenallowsourimagination
towanderinallsortsofdirectionshoweverwhencrystal
gazinginregardtotargetorganismsformosquitoabatement
districtswefacesomeitemsthatseemprettydefinite

Firstofallitappearsthatwearefacedwithtwotypes
oforganismsOneofthemhasbeenwithusforalongwhile



andhasmultipliedourvariousproblems manytimesinthe
lasttenyearsorsoItisalsothecauseof90of ourprob
lemsItispredictedthatthisorganismthehuman organ
ism willdoubleinpopulationinCaliforniabythe year
2000

Theresultofthisdoublingofpopulationwill causea

migrationwhichhasalreadystartedtooutlyingareasin
allpartsofCaliforniaandthebalanceofpopulationwill
shiftgraduallyfromthesouthernpartsofthestatetothe
northernpartsTheworkweekwilllowerto28hoursleav
ingmoretimeforrecreationwhichwillamounttomandays
ofrecreation5to7timeswhatitiscurrentlyThefoodde
siresandIsaydesiresnotrequirementsofthisexpanding
populationstaggerstheimaginationTheotherfactor
wasteisalreadygivingustroubleImaginewhatitwillbe
likewhenweproduce200milliontonsperyearofitinthe
year2000

TheotherorganismofcourseisthevectorMoreac

curatelyIshouldcallitvectorsWearealreadythoroughly
acquaintedwithmosquitoesandwearegettingwellintothe
controlofmidgesgnatsfliesandyellowjacketsOtherin
sectsorvectorsthatmayfallintoourbailiwickinthefu
turebutwhichweshudderatnowarefleastickswasps
wildbeesconenosebugsandthemostmiserableofall
ratsNodoubtthislistcouldbelengthenedbyallthemana

gersandentomologistsheretodaybutifwecankeepup
withjustthismanywewillbedoingwell

NowputtingthetwoorganismstogetherIthinkpret
tywelloutlinesthefutureformosquitoabatementdistricts
anddefinitelyindicatesthatwehaveourworkcutoutfor

usMigrationofpeopleintoareasofhighvectorpopulation
willputadditionalburdenonMADsformoreefficientand

effectivecontrolofourpresentvectorsaswellasincluding
moreofthepeststhatarenotnowourimmediateproblems
Wearejustenteringthisaspectofthefutureevidencedby
theservicerequestswereceivefrompeoplewhohavejust
movedfromthebigcitiestothesuburbanorruralareas
Theyencounterinafewdaysmorevarietiesofpeststhan
theyencounteredinawholelifetimeofcitydwellingIven
turetosaythatalmosteveryMADrepresentedheretoday
hashadservicerequestsinthelast5yearsthattheywould
nothavedreamedofhaving10yearsagoThiscomesunder
thetitleofpublictoleranceandwehaveallexperiencedit
Likeitornotitiswithusnowandwillbemoresointhe
future

AgriculturealreadyhighlyintensifiedinpartsoftheCen
tralValleywillhavetointensifyevenmorethroughoutthe
valleytoproducethefoodandfodderdemandedbythe
burgeoningpopulationThiswillrequiredevelopmentofad
ditionalagriculturallandandwatermuchofitmarginal
whichwillbeprimemosquitosourcesunlesscarefullyplan
nedandmanagedSurburbanlivingimmediatelyadjacentto
theseagriculturalareaswillrequireustobeonourtoesin
ourcontrolactivitiesOurrayoflightinthiscasewillbe
thatlandandwatervalueswillbesogreatthatthefarmer

simplycannotaffordtohaveverymuchofhislanddevoted
tomosquitoproduction

Waterdevelopmentwellunderwaythroughoutthestate
willassistconsiderablytheagriculturalexpansionbutalso
tiedincloselywithwaterdevelopmentistheincreasedrec
reationtimementionedearlierandwhatIwouldtermrec
reationallivingConsidermanmadewaterimpoundments
varyinginsizefrom5acrestomanysquaremilesandin
depthfromafewfeettoseveralhundredfeetThepeople
livingontheshoresofthesepondsandlakeswhetherliving
therepermanentlyoronarecreationaloutingwillexpectand
demandacertainamountofprotectionandfreedomfrom
aquaticmidgesandgnatsClearLakeandtheClearLake
gnatisaprimeexampleofthisproblemthathasbeenwith
usforseveralyearsRecentlymanyotherimpoundmentsin
thenorthandthesouthhavedevelopedsimiliarproblems
Actuallycontrolsforthesepestsareneedednowsowewill
bepreparedwhenthefutureintensifiesandaggravatesthem

Theseimpoundmentsarenotcreatedsolelyfortheim
poundmentbutaremerelythebeginningofavastdistribu
tionsystemdevelopedorsoontobedevelopedtodeliver
watertonearlyallpartsofthestateThisindicatesthatif
thepeoplecannotcometothewaterthewaterwillbetaken
tothemfortheiruseandenjoymentOurconcernwillbeto
tryandkeeptheareaarounditvectorfree

Recreationallivingisalsobringingpeopleintoareasnot
socloselyassociatedwithwaterbutstillwherethereare

plentyofpossiblevectorsSurburbanfoothillandlow
mountainvalleyshavebecomepopularresidentialareasin
thisaffluentsocietyandthefutureindicatesthatthistrend

willcontinueThisbringsintoourfuturetickswaspswild
beesconenosebugsandfalsechinchbugstonameafew
Thesearenotnewpeststheyhavealwaysbeenwithusbut
havebeennoproblemexceptwhenhumansinvadetheir
territoryThisterritorialinvasionisnowunderwayandwe
willbecalledupontoassisttheinvaders

Oneultimateresultofcivilizationsactivityiswaste 75

milliontonsperyearinCalifornianow115milliontonsin
1980140milliontonsby1990and200millionattheturn
ofthecenturyOurconcernwiththisisobviousbecauseal
mostinescapablyfliesandratsareassociatedwithwaste
Someofusarealreadyheavilyinvolvedwithfliesandmore
ofuswillbeastimegoeson

Ibelievewehavebeentemptedinthelastyearortwoin
thefieldofratcontrolbutsofartherearenotakershow
everourtimewillcomeSinceratsareinvolvedinevery
phaseofourfoodsupplyfrombeginningtoendthedes
tructiveanddiseasepotentialofratswillcreatepublicde
mandforprotectionfromthesepestsandwewillmostlike
lybethechosenones

Returningmomentarilytoourcurrentprimaryconcern
mosquitoes thefutureholdssomechangesforthemIpre
dictthatchangeandincreasedefficiencyinlanduseurban
izationofruralareasanddevelopmentofnewareaswill
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changeconsiderablythespeciesofmosquitoesinsomeof
theareaswenowcontrolAedessourcesbecauseofsubdi
visionswillnolongerexistIntheirplacewillbeCulexspe
ciesingutterscatchbasinsandsmallbackyardsourcesIt
isnotinconceivablethatwithintensivedevelopmentand
modificationincertainareasofCaliforniasomespeciesof
mosquitoeswillbeeradicatedInthiscasetheMADsinvol
vedwillhavetoshiftemphasisormigratesotospeakto
othervectors

Theonedefiniteexceptiontothispossibilityisinthe
riceproducingareasofCaliforniaRiceisavaluableportion
ofthestateeconomyanditisunlikelythatitwillbeelim
inatedUnlessalternatemethodsaredevelopedforricepro
ductionitwillcontinuetcbechoicemosquitohabitatand
sourceOurfuturehereliesinadequateresearchtodiscover
thewaysandmeanstocontrolthericefieldmosquitoes

InshortsummarytheCaliforniamosquitoabatement
districtsactivitiesandtheirtargetorganismsareinforsome
veryinterestingchangesandmodificationsandadvance

mentsduringthenext30yearstriggeredbyanexpanding
migratingpopulationwithverylittletoleranceformosqui
toesgnatsfliesratsandnumerousotherpestsWewill
mostlikelybeengagedincontrolactivitiesnoteven
dreamedofinthepast

Thepast10yearshavegivenusaslightindicationofthe
possibilitiesthenext10yearswillreallyopenoureyesand
getusunderwayandby1980ifwearenotinfullswingwe
willnotmakeitIbelieveitwillbehooveustoseriously
considerasitappliestousoneofthebasictenetsofecol
ogyadaptmigrateordieAmosquitoabatementdistrict
cannotmigrateveryfarsothisleavesustwoalternatives
oneofwhichisunacceptable

TECHNOLOGICALREQUIREMENTSFORFUTURE
MOSQUITOANDVECTORCONTROLPROGRAMS

HowardRGreenfield

NorthernSalinasValleyMosquitoAbatementDistrict
SalinasCalifornia

Gentlementheclassicaldefinitionoftechnologyisthe
applicationofscientificknowledgetopracticalpurposes
Thisdefinitiondoesnotaccuratelydescribethepurposeof
thispaper topropheticallydiscussthedevelopmentsin
scientificknowledgethatmightbeappliedtotheneedsofa
serviceorientedorganizationsuchasamosquitocontroldis
trictormorepossiblyanarthropodvectorcontrolagency
Howeveritisquitefashionableasweapproachtheendof
thiscenturytomakeprojections projectionsofwhat
mightoccurinprogramdevelopmentwithinvectorcontrol
agenciesbasedonthescientificdevelopmentstakingplace
today

Iwouldliketointroducethesubjectassignedmeby
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quotingNormanJReam1968SpecialAssistanttothe
SecretaryoftheNavyWehaveexperiencedmorerapid
technologicalprogressinthepast20yearsthanintheentire
historyoftheworldTwostatisticswillemphasizemypoint
FirstAtleast85percentofthetechnicalknowledgethat
existsintheworldtodayhasbeendevelopedsince1945
Second90percentofallrecognizedscientistsinthehis
toryoftheworldarealivetoday

Theworldisfacedwithanexplosiverateofchange
Thekeywordisrateforduringthenext20yearsinour
ownnationourpopulationsaverageagewilldropfromthe
present28yearstounder25andthetotalpopulationwill
increasetoabout300millionInthesenexttwodecades

wemustdoagainwhatwedidinthelast200yearsinterms
ofbuildinghomesschoolsuniversitieshospitalsfactories
andotherpopulationorientedfacilitiesThispopulationex
plosionwillalsobeaccompaniedbyacceleratingratesof
changeinmentalattitudesandethicsThesechangesand
advancesintechnologyarehavinganintensiveeffectonour
laborforceandonmanagementintheprivatesectorofthe
economyandonourgovernmentoperationsandorganiza
tionalstructure

MrReamhasfashionedsomeveryprovocativeideasof
whattheneedswillbenationwideasfaraspopulation
orientedfacilitiesareconcernedInCaliforniawithaproject
edpopulationof41millionbytheyear2000nolesscon
cernmaybeexpressedMrReamalsostatedthatreorgani
zationofgovernmentalstructuresmustbedonetoaccom
modatethepopulationexplosion signsofwhichareal
readyoccurringatthefederallevelsWitnessthenewFed

eralDepartmentofTransportationwhichhasbroughtto
gethersome35existingagenciesanddepartmentsintoone
superagencyLyntonKCaldwell1968ProfessorofGov
ernmentIndianaUniversitysuggeststhatthepublicisbe
comingincreasinglyawareofitsresponsibilitiesforenviron
mentalwelfareandthatairpollutionmisuseofpesticides
etcwillnotlongbetoleratedHestatesthatThetasksof
restoringandmaintainingtheviabilityoftheenvironment
willrequirenewformsofpublicrelationshipsandactions
MrCaldwellassertsthatthepossibilitynowexiststhata
superdepartmentsuchasHealthEducationandWelfare
willassumefullresponsibilityforadepartmentofhuman
ecologyandtotalmanagementofenvironmentalrelation
shipsWehaveonlytolooktoourownstatetoknowthese
predictedchangesareoccurringalthoughonasmallerscale
TodaywehavetheAssociationofBayAreaGovernments
theAssociationofMontereyBayAreaGovernments
RegionalAirPollutionControlDistrictsRegionalUrbanRe
newalDistrictsandmanymoretoonumeroustonameAll
ofthisishappeningtoustoournationandtoourpeople
throughthedevelopmentofscientificknowledgeand
appliedtechnology

WehavelearnedfromMrOldhamthekindsoftarget
organismsthatpossiblywillbecometheresponsibilityof
allvectorcontrolagenciesandaretodaytheresponsibility



ofafewdistrictsItismyopinionthatMrOldhamiscom
pletelyinharmonywiththeprojectedneedsofvectora
batementorenvironmentalmanagementofthefutureIf
vectorcontrolagenciesofthefuturearetoberesponsible
forthecontrolofmanykindsofarthropodsandotherani
malswemustthenlooktothepresentbodyofscientific
knowledgetoprojectthetechnologytothefuture20years
oreven30yearsfromnow

Communicationsystemsoneofthemostfantasticscien

tificresearchanddevelopmentprojectswillplayanever
increasingpartinvectorcontrolprogramsWithanestimated
publicationrateofscientificpapersinexcessof100000
peryearandconstantlyincreasingdataprocessingandre
trievalsystemswillbeabsolutenecessitiesatthefederal
stateandregionallevels

Thedevelopmentofsuchdatastoringanddataretrieval
systemshasalreadybecomeascientificfactApparently
allthatremainstobedoneisthedevelopmentofawork
ableinputsystemtorelaynecessaryenvironmentalinfor
mationatthelocalleveltothedatastoragecenterandthen
returnittotheLocalagencyforuseinthecontrolofthetar
getorganismforwhichtheinformationhadbeenrequested
Itisconceivablethatwiththedevelopmentofmoresophis
ticatedcomputersystemstherequestforcontrolinforma
tionfromtheinputendthelocalagencywouldbeex
aminedforconflictsofinterestamongthemanyagencies
involvedwithmanagementofenvironmentalcontrolpro
gramsThusoverkillsfishkillsenvironmentalcontamin

ationsetcwouldbeavoidedorcompletelyeliminatedThe
indiscriminatepollutionofthetotalenvironmentbymanin
hisquestforwhatevermanseeksnowfortunatelyisbeing
attackedasunnecessaryandunwarrantedbymanyconcern
edindividualsgroupsandstateandfederalagenciesState
andfederallawsarebeingpassedwhichrestricttheuseof
manychemicalsonceconsideredbymanytobethesolution
tomanseffortstowipeoutinsectpopulationsThereisno
validreasontobelievethatlegislativeactionsfurtherre

strictingtheuseofbroadspectrumpesticideswontcontin
uetobeawayoflifeforthevectorcontroladministrator
Consequentlyitcanbereasonedthatthefutureuseof
chemicalpesticideswillofnecessitybespeciesspecificand
willbeappliedinthepublicdomainonlybylicensedtech
niciansWhatformschemicalpesticideswilltakeinthenext
20yearscanbeprojectedonthebasisofcurrentresearch
nowbeingconductedThereundoubtedlywillbeavailable
tothevectorcontrolspecialistgeneticmodificationchem
icalswhichwoulduponapplicationtothetargetorganism
literallyeliminatetheanimalfromtheecologicalnicheit
occupiedChemicalsknownassexattractantsjuvenilehor
monesandgrowthregulatorswillbeusedagainstundesirable
pestsThesebiochemicalcompoundsnowbeingstudiedare
extremelyimportantinthattheyfulfillabasicrequirement
thatofbeingspeciesspecific

Biologicalcontrolsarealsototaketheirplaceinthefu
tureschemeofthingsConsiderableinterestiscurrentlybe
ingexpressedabouttheuseofvirusesandbacteriaaspos

siblecontroltechniquestobeusedagainstaspecifictarget
organismandnematologistsarenowexploringthepossibil
itiesofusingparasiticnematodesforpestcontrolpurposes

Lookingattheresearcheffortsthatarebeinggiventothe
developmentofchemicalcontroltechniquesandtothebio
logicalcontroltechniquesIbelievewecanconfidentlylook
tothefutureknowingthattherewillbeatourdisposal
manytoolsforthemanipulationandmanagementoforgan
ismsdeemedtobeunnecessaryorunwantedinmansenvi
ronmentImustpointouthoweverthatevenwiththemar
velousnewmaterialsandtechniquesthatwillbeatourcom
mandandwiththenewinstrumentsandmachinesthatwill

bedevelopedtodisseminateasneededthevirusesbacteria
sexattractantsspeciesspecificpesticidesandotherchem
icalformsyetunknownplannedprogrammingofcontrol
effortsthroughtheuseofhighlysophisticatedcomputers
anddatamemorybankcenterswillbeabsolutenecessities
ofthefuturearthropodvectorcontrolagencies
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FUTUREMANPOWERNEEDSFOR

MOSQUITOABATEMENTINCALIFORNIA

AFGeib

KernMosquitoAbatementDistrictBakersfield

ArewenowproperlyorientedWehavebeentoldbythe
previousspeakerswhathasbeenhappeningintechnological
advancesandourevergrowingpopulationAsthetime
marchesonmostofusmayvaguelyrealizethesignificance
oftheeveracceleratedpaceofdevelopmentandconstant
changetakingplaceaboutusOnlywhenwefocusinonthis
subjectaswearetryingtodoheretodaydowebeginto
realizetherateatwhichthesechangesareoccurringandthe
impacttheyarehavinguponoursocioeconomicstructure
Itseemsbeyondcomprehensionthatduringtheshortspan
ofthepast20yearsmanhasdevelopednewerknowledge
equaltoorgreaterthanallhehadpreviouslyacquireddur
ingthehistoryofmankindWhenyoualsorecognizethat
thespeedofchangeincreasesingeometricprogressionit
becomesapparentwemustplanahead51020and30
yearsormoreTodootherwisemeanswewouldfallbythe
wayandperhapseventuallyendinchaos

Werecognizethatpredictingthefutureisatbestatenu
ousandprecariousbusinessNeverthelesspastandcurrent
trendscanbeusedasguidelinesenablingustoprojectthe
futurewithinreasonablelimitsbarringofcoursemajor
disasters
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Usingsuchguidelineswecanreasonablyexpectinthe
future

1Tremendousgrowthinpopulation
2Anevergreaterconcentrationofpopulationinurban

centerscoupledwithevergreatermobility
3Tomeettherequirementsofincreasingpopulation

productionofmoreandmorefoodisanabsolutenecessity
4Increasingpopulationsandnewertechnocracyequat

ingtoaneverincreasingproblemofwastedisposal8lbs
perpersonperdayHowisthistobehandledwithout
creatingnuisancesofmajorproportions

Consideringthepredictedchangeswhichareconfront
ingusnowandintheimmediatefutureitseemsapparent
wemustrecognizethesechangesandprepareforthemor
fallbytheway

Inessencemaniscontinuallyobtaininggreaterandgreat
ercontrolofhisenvironmentwhileconcurrentlythepopu
laceisdemandingmoreandmorefreedomfromhazardto
hiswellbeingnuisancesandinconveniencesThemodern
concepttowardsourphysicalenvironmenthasprogressed
awayfromignoringprobemsorabolishingthemandnow
centersaroundsolutionsandmeasuresfortheircontrolIt

wouldseemmostlikelyagenciessuchasourswillbecome
responsibleforflycontrolnumerousotherinsectpestsof
manandanimalsandeventhingssuchasratsToprovide
suchenvironmentalcontrolasmightfallwithinthefuture
provinceofmosquitoabatementagencieswillcertainlyre
quirespecializedandadditionalmanpowerWithsucha
prospectatleastsomeifnotallemployeeswillneedbroad
erandmorecomprehensivetrainingthaniscustomaryand
acceptabletoday

Idontpretendatthistimetosaywhatourmanpower
andscopeoftrainingrequirementswillbeinthenext10
yearsandbeyondratherIbelieveitappropriatetopose
somequestionsthatmaystimulatethinkingaimedtowards
findinganswersfortheproblemsinevitablyappearingupon
thehorizon

1Whatwillourmanpowerneedsbe10yearshence
2Canwewriteadequatejobdescriptionsandhowwill

wegoaboutfindingthepeoplequalifiedtofillthese
3WhatwillbeourneedsforprofessionalpeopleWhat

grade
4Whatshouldtheirbackgroundsbeinsciencesbusi

nessliberalartsengineering
5WhatwillbeourneedsfortechniciansWhatwould

bethedesiredscopeoftheirtraining
6Whatwillbethesourcesofpeopletofillthesejobs

universitiesstatecollegescommunitycollegeshighschool
7Canspecialtrainingbeobtainedathighschoolcom

munitycollegesandonupthroughuniversities
8Whattrainingandeducationallevelwillbeneededby

thebasicoperators
9Couldspecialrefreshercoursesbedevelopedatlocal

institutionsforupgradingpersonnel
10Howcaninservicetrainingbebetterdevelopedand

accomplishedWhatareoursourcesindevelopingsuch
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trainingprograms

PerhapsthetimehascomeforthatfirststepShouldwe
haveacommitteewithintheassociationthatwoulddevelop
withadvisoryconsultationanoutlineforawellrounded
trainingprogramforbasicdistrictoperatorsCoulddistricts
bythemselveswithsuchanoutlineproduceadequately
trainedpersonnelShouldthisbedonejointlyorshouldwe
callforoutsideassistance

Iconcludewiththesequestionswonderingifthetime
hasarrivedwhenweshouldbeginexploringtheneedfor
variousapproachesthatmightbebestutilizedforinservice
trainingprogramsthescopeandtypeofsuchtraining

COSTANDFINANCING

StephenMSilveira

TurlockMosquitoAbatementDistrictTurlock

Inmyattempttoprojectcostsandfinancingofmosquito
controlinCaliforniaIbecameinvolvedinastudyofthe
economicdevelopmentofCaliforniawhichwasquitere
vealingtomeWehearandreadmuchaboutthepopulation
explosionbutthereismuchmoreTherelentlesspopula
tiongrowthofCaliforniahasbeenmatchedbyexpansion
ofindustrytradeandagriculturePopulationgrowthwas
madepossiblebythelabordemandemanatingfromabur
geoningeconomyOfcourseourgoldensunshinealsoplay
edaroleinattractingpeople

Californiasenormousgrowthhasbeensustainedbya
numberofeconomicrevolutionsFirstitwasthediscovery
ofgoldwhichsetthedevelopmentprocessinmotionAs
goldminingfadedwesawtheriseofwheatfarmingand
cattleranchingBytheturnofthecenturywehaddiversi
fiedagricultureandwithitthefoodprocessingindustry
Thencamethelumberpetroleumandmanufacturingin
dustriesInmanufacturingwemustincludethecinema

EverythingwasboominguntilthegreatdepressionIn
the30stherewasadefinitepauseinCaliforniaseconomic
growthHowevertheleanyearsofthedepressionincubated
theaircraftindustrywhichwiththesubsequentaerospace
industryhasprovidedthebaseforthetremendous

Table1PersonalincomechartpreparedbyEconomic
ResearchDivisionStateSavings LoanAssociation

Amount

inmillions
United

Year StatesCalifornia

196553889360234
196658684565208
196762881570204
196868500075985
196972720080900

PerCapitaIncome
California

United aspercent
StatesCalifornia ofUS

2765 3274 11841

2978 3468 11645

3159 3665 11602

3405 3905 11468

3580 4095 11439



Table2ProjectedemploymentforCaliforniaregioninthousands

Item

TotalPopulation
ArmedForces

CivilianPopulation
CivilianEmployment PopulationRatio

TotalCivilianEmployment
EmploymentBasicIndustries

AgricultureForestryandFisheries

Mining
Manufacturing

Food KindredProducts

TextileMillProducts

Chemical AlliedProducts

Paper AlliedProducts

PetroleumRefining
PrimaryMetals
OtherManufacturing

EmploymentServiceIndustries

NotePreliminary subjecttorevision

economicandpopulationgrowthsince1940agrowthrate
undreamedofpriortothattime

Californiasconsistentlyrapiddevelopmentoverthepast
100yearshasbeenstimulatedbyfourdistinctsurges
Broadlystatedtheyweremineralresourcesagricultural
andvegetableresourcesdiversifiedmanufacturinganda
complexofindustrieswecallaerospaceWhatindustry
willberesponsibleforthefifthsurgethatiscapableofpro
vidingamajorgrowthimpetusWecannotyetidentifyX
butwecanbesureitscoming

TotalWageandSalaryEmployment
GoodsProducingIndustries
MineralExtraction

Construction

Manufacturing
ServiceProducingIndustry
TransportationCommunication

Utilities

Trade

FinanceInsuranceRealEstate
Services

Government

1965

18106
308

17798

383
68254
20225

2767

271

17187
1824

99

580

308

357

645

13374
48029

TakenfromInformationsuppliedbytheCalifDept
121068

1955 1965

40829 57745

14418 17660
368 318

2840 3259

11211 14083
26411 40085

3474 3869

9156 12743
1804 3105

5165 9320

6812 11048

79772
20550

210

3360

16980

59222

3914

17747
4852

14005
18703

YEAR

1980 2000

25465 38181
291 291

25174 37890
403 406
101373 153691
27455 36692

2670

280

24505
2055

114

877

463

288

928

19780
73918

2542

299

33851
2350

122

1287

689

213

1242

27948
116999

22027
2890

108

101

2897

19137

45

5004

1747

4685

7655

2020

54941
291

54650

406
221879
47175

2414

308

44453
2688

122

1677

893

155

1524

37394
174704

WaterResources

Igiveyouthisquickviewoftheeconomichistoryof
Californiatoimpressyouwiththedynamicgrowthforces
inthisstateWhatdothesedynamicgrowthforceshaveto
dowithusItisobviousthatthesesameforceswillsetthe

patternforourfuturegrowthanddevelopmentTheaero
spaceandelectronicindustriesaremainlyresponsiblefor
ourrapideconomicgrowthinthepast20yearsBothare
highlysophisticatedindustrieswithhighskilllaborrequire
mentsIlookforindustryX whichwillprovidethenext

economicsurgeinCaliforniatobemoresophisticatedin

Table3Californianonagriculturalwageandsalaryemployment19551965andforecastfor1975inthousandsPre
paredbytheCaliforniaStateOfficeofPlanning1968

Total

Change Percentagechange
1975 196575 195565196575

414 381

225 164

136 340

148 31

256 206

512 477

114 12

392 393

721 563

804 503

622 693

NoteTheprojectionsinthistableareexperimentalandpendingfurthertestingofthemodelfromwhichtheywerede
rivedshouldnotbeusedforplanningpurposesPreparedbytheCaliforniaStateOfficeofPlanning1968
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personnelandtechnologicalrequirementsthanourpresent
aerospaceindustriesSuchindustrieshaveandwillcontinue
tosetthepaceforCaliforniaTheyarepartiallyresponsible
forthehigherthanaveragesalaryandwagelevelsinCalifor
niaTable1

Agriculturedespitesizablegrowthhasbeensupplanted
bymanufacturingasthemostimportantcontributorto
statewageandsalarypaymentsThisindustrywillcontinue
toloselargenumbersofpeopleasfarintothefutureas we

canseeTable2Agriculturehoweverwillremainanim
portantbasicindustryaslongaspeoplemusteat

WithourindustrialdevelopmentinCaliforniawillcome
themegalopolistheboundlesscommunitiesofmany com

munitiesSmalltownswillgrowlargejoinandbecome
citiesaslargeascountiesarenowWemayseeanew
typeofcommunityneitherurbannorruralModern
futuristscallitthefunctionalmulticountycommunity
oftomorrowthatblendstheeconomicandcultural
opportunitiesofaffluentmetropolitanlifewiththespace
andbeautyofthecountrysideSuchdevelopments
willcertainlychangeourcurrentpropertytaxstructure
ThereisaclamornowforpropertytaxreformCurrently
therearethreefarreachingpropertytaxreformsbeing
studiedbyourstateplannersPublicagenciessuchasmos
quitoabatementdistrictswillsurelybeaffected

AsourindustrialbaseisexpandedinCaliforniawecan
expectamoreaffluentsocietywithmoreleisuretimeAs
ourpeoplebecomemoreaffluenttheybecomelesstolerant
ofannoyinginsectsfoulairpollutedwaterandcountless
otherthingsthatthreatentheirwellbeingandsecurity
Governmentwillberequiedtoenhancetheutilizationof
theenvironmentbyanexpandingpopulation

Inourownfieldofmosquitocontrolwewillberequired
tofreetheenvironmentofinsectsandotherorganisms
whichthreatenthepubliccomfortaswellaspublichealth
Wewillbeaskedtoachieveacceptablelevelsofcontrol
wherepeopleworkliveandplay

Willfundsbeavailabletoprovidealltheservicesthepub
licwillexpectfromourtaxsupportedagenciesCurrent
indicationsaretheywillbeavailabletothosepublicagen
cieswhichhaveplannedanddevelopedthetechnologynec
essaryforeconomicalandeffectivesolutionstoproblems
thatdevelopintheirownareasofresponsibilityThecur
rentlyavailablewageandsalaryemploymentprojections
forCaliforniaTable3indicateaprogressivelystronger
economyasweincreaseourindustrialbaseImustinjecta
wordofcautionTheprojpresentedinTables2and
3arepreliminaryandaresubjecttorevisionsbytheagencies
whichdevelopedthemTheyshouldnotbeusedfordetail
edplanningbutareincludedhereasindicatorsoffuture

trendsMoresophisticatedeconomymodelsarebeingde
velopedbytheUniversityofCaliforniaandothersforCali
forniaandforsectorsofCaliforniawhichshouldprove
valuable
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Itisreadilyapparentfromthesetablesthatthetrend
inCaliforniaisforrapidandintensivegrowthThenext
logicalstepwouldbetorelatetheimpactofCalifornias
projectedeconomicgrowthtomosquitocontrolIthink
thisisaworthwhileendeavorandshouldbeundertaken

Byaccuratelyprojectingintothefuturewecanpredict
generallywhatitholdsforusFromsuchinformationwe
candevelopageneralplanwhichwouldbeastatementof
whatitisthatweasmosquitocontrolagenciescanand
wouldliketobecomein19802000and2020

WHYTRUSTEESSHOULDBECONCERNED

WITHNATIONALANDINTERNATIONAL
MOSQUITOCONTROLPROGRAMS

ThomasDMulhern

CaliforniaStateDepartmentofPublicHealthFresno

WhenwespeakofmosquitobornediseasesinCalifornia
weareusuallythinkingofencephalitisandmalaria specif
iccausesofhumanillnessofcontinuingconcern

Extensivemalariamosquitosourcesarecharacteristicof
theSacramentoValleyandlessersourcesoccurfrequently
elsewhereintheStateWhiletherehasbeennoindigenous
malariainCaliforniasince1957duringtheprolongedper
iodoftheVietnamconflictwehaveseenasignificantnum
berofimportedcasesandthereexistsacontinuingpoten
tialforoutbreaksHoweverwefeelconfidentthatprompt
remedialactioncanminimizeanysuchoutbreakofmalaria
thatmayoccur

Therecanbenosuchconfidencewithrespecttoenceph
alitisSourcesoftheprincipalencephalitisvectorCulex
tarsalisaredistributedthroughoutCaliforniaperhapsas
widelyasthesourcesofanyothermosquitoandtheviruses
areenzooticinthebirdpopulationFortunatelyhuman
casesofthisdiseasehavebeenatalowebbforseveralyears
including1967whensurveillanceindicatedthattherewas
causeforconcernandmosquitocontrolagenciestookex
traordinarymeasurestocontrolvectorswithintheirjuris
dictions

Thereisameaningtotheworddiseasenotdirectly
relatedtospecificinfectionsItisanarchaicmeaningbut
verypertinenttoourdiscussionWebstersUnabridgedDic
tionaryoffersthefollowingdefinitionDiseaselackof
easediscomfortuneasinesstroubleAquotationfrom
SpencersFaerieQueenisasfollowsSoallthatnightthey
passedingreatdiseaseWhentheworddiseaseiswrit

tenwithahyphentherelationshipofmosquitoestodis
easebecomesclearThisisanancientwordbutquiteap
propriatebecausethemosquitoeshavebeenaroundsince
thetimeofthedinosaursThedinosaursarelonggonebut
themoreadaptablemosquitoesarestillwithusandstill



readywillingandabletohelpuspassthetimeingreatdis
easebynightorday

Theextentoftheproblemofcontrollingthisformof
diseaseisindicatedbythefactthatmosquitocontrol
agencieswillprobablyspraynearly2500squaremilesof
mosquitosourcesin1969topreventtheemergenceofmos
quitoesAswebegintheyear1969therearesome60local
agenciesengagedinmosquitocontrolinCaliforniaThe
areaservedisabout40000squaremilesandtheannualex
penditureamountstonearly9000000Theefficacyof
thisprogramisshownbythefactthatpeopleinthevalleys
wheremosquitosourcesareabundantmaystillfreelyuse
theoutofdoorsforpleasantlivingandrecreationthrough
outthesummermonths

Thesourcesinwhichthemosquitoesoccuraremanyand
variedSomeareofnaturaloriginincludingrainwaterand
snowwaterpoolsrunoffandoverflowfromstreams
swampsfreshwaterandsaltwatermarshesinundatedtide
landsshallowedgesoflakesandpondswhicharecolonized
byaquaticvegetationspringsseepagesandholesintrees
Howevermanmadesourcespredominateandthesemaybe
characterizedasresidentialorcommunitysourcesindustri
alsourcesagriculturalsourcesandwaterresourcesdevelop
mentsources

Theresidentialorcommunitysourcesincludestreet
drainagecatchbasinspoorlygradedgutterscontainersin
yardsorondumpsneglectedbirdbathsunusedwadingor
swimmingpoolsandtheplasticcoverssometimesusedwith
themrunofffromlawnandgardenirrigationleakypipes
resultinginpoolsunderornearbyhousescooleroraircon
ditionerdrainwaterimproperlydesignedindividualsewage
disposalfacilitiesandkitchendrainsandimproperlyoper
atedcommunitysewageeffluentdisposalworks

Industrialsourcesincludeliquidwastedisposalpondsor
lagoonssuchasthoseatwineriescanneriesdairiesandsaw
mills

Agriculturalsourcesincludemainlyirrigationwater
whichstandstoolonginthefieldsasinpoorlyleveledpas
turesHoweverthereisaconsiderablevarietyofotheragri
culturalsourcesrangingfromsmallleaksatirrigationvalves
tosuchlargesourcesasricefieldsPoorlyconstructedor
poorlymaintainedirrigationanddrainditchesfrequently
producemosquitoesPoolsofwashwaterfromdairybarns
maysupportvastnumbersofmosquitoesFarmpondssew
ageandseepagefromirrigationsystemscanbeimportant
sourcesTheagriculturalsourcesaccountforprobably60
to75oftheexpendituresformosquitocontrolinCalifor
niamostofthisbeingrelatedtofaultyirrigationpractices
Thisisadifficultproblemsinceirrigationisessentialto
agricultureandagricultureisaprimarysourceofincomefor
muchoftheState

Mosquitosourcesresultingfromwaterresourcesdevelop
mentsoccurchieflywherereservoirsarenotproperlyde
signedormaintainedinwaterwaysthatarenotkeptfree

ofaquaticweedsorinseepagesorleaksthatoftenoccur
alongcanalrightsofwayTheagencieswhichhaveprimary
responsibilityforthemaintenanceandoperationofsuch

workslogicallyshouldprovideforthecontrolofmosquitoes
whichoccurthereinandfrequentlydosobycontracting
withalocalmosquitocontrolagencytoprovidesurveillance
andcontrolasnecessary

Theproblemsvaryfromdistricttodistrictandthere
sourcesavailablealsodiffersometimessubstantiallyAs
onemightexpectapplyingtheavailableresourcestothe
localproblemsresultinprogramswhichdifferevenbe
tweenadjacentdistricts

Ishouldliketoofferathumbnailsketchcomparing
themosquitoabatementdistrictsof1949withthoseof
1969Thisisnotadescriptionofanyspecificdistrictbut
acompositeoutlineofcharacteristicfeaturesofmanydis
tricts

In1949whenIcametoCaliforniamanyofthedistricts
hadbeenorganizedorsubstantiallyincreasedinareawithin
thepreviousthreeorfouryearsMostofthemembersofthe
newboardsoftrusteeshadlittleifanypreviousknowledge
ofmosquitocontrolandtheywerestilltryingtodetermine
howtheycouldbestservetheirrespectivejurisdictionsin
providingpolicyguidancetoobtaineffectiveandeconom
icaloperationsThetypicaldistrictwasquarteredinsur
plusarmybuildingsorsomewhatdilapidatedrentedgarage
buildingsallofwhichweregenerallyhotinthesummerand
coldinthewinterVehiclesweremostlywellwornsurplus
militaryjeepsandweaponscarrierssubjecttofrequent
breakdownsManyofthespraymachineswerejerriedup
unitsputtogetheratminimumcostfromsurpluspartswith
muchingenuitybutnotprovidingtoomuchintermsofre
liabilityThereweregreatstacksofsurplusmilitaryinsecti
cidesinrustycansanddrumssomeofwhichhadbeento
theSouthPacificandbackandwereofsomewhatdoubtful

valueEventhemosquitolighttrapsavailablewerehandme
downsfromtheUSPublicHealthServiceusuallyoperat
ingatabout25mechanicalefficiencyThemosquitosour
ceswerenotcompletelychartedmapswerenotadequate
recordkeepingsystemswereinastateofpartialdevelop
menttrainingofmanykindswasbeingundertakeninan
efforttoconvertuntrainedlaborintoeffectivemosquito
controloperatorsVeryfewaircraftwereinuseAsmid
summerapproacheditwascommonforlarvicidingprograms
tofallbehindscheduleandthermalaerosolfogswereused
extensivelyinanoftenunsuccessfulefforttocontrolmos
quitoeswhichhadinvadedtheresidentialareasTheinfor
mationavailableaboutthegeographicandseasonaldistri
butionofimportantmosquitospecieswasquiteincom
pleteandbehaviorpatternswereonlypartlyunderstood
Taxablevalueswerestilllowandalthoughmanyagencies
werereceivingfinancialaidthroughstatesubventionsand
assessingata15cents100taxratefundswerestillinsuf
ficientinmanydistrictsBytheendofthemosquitoseason
frustrationsaddedtofrustrationstendedtodestroythe
moraleoftheworkingforces
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Eachsucceedingyearbroughtcumulativeimprovements
sothatthemodeldistrictsof1969maybecharacterizedas
followsBoardsoftrusteesarenowcomposedmainlyof
wellseasonedmemberssecureintheirabilitytoprovide
policyguidanceandhighlysensitivetothedemandsof
theirconstituentsforconstantlyimprovingmosquitocon
trolTheheadquartersfacilitiesaredesignedformaximum

efficiencyofcurrentoperationsandwithprovisionstoac
commodateexpansionswhicharelikelytotakeplacewith
inthenext20yearsThebuildingsareattractiveandwell
maintainedDistrictperscnnelhaveaccumulatedlongex
periencepersonnelarecharacteristicallyhighlytrained
fortheirrespectiveassignmentsandthereisastabilityof
organizationandhighmoraleapparenteventocasualvisit
orsTheequipmentisofhighqualityreliableinserviceand
selectedorcustombuiltespeciallyfortheserviceexpected
ofitInsecticidesarethoroughlytestedthesourcesofmos
quitoesarechartedandrnappedrecordsarekeptingreat
detailandsprayoperationsarecarriedoutwithdispatch
andprecisionEachagencyhasitsownwelltrainedmechan
icsandanefficientequipmentmaintenanceprogramOper
ationalequipmentisdepreciatedandreplacedonaschedule
whichavoidsbreakdownsandexcessivemaintenancecosts

Althoughlaborandmaterialscostsaresubstantiallyhigher
manyoperationsareperformedatlowerunitcoststhrough
theemploymentofmoreefficientmachinesmorereliable
insecticidesandbettertrainedworkersinaprogrammore
directlyfocusedontheproblemTherearesufficientre
servesavailablesothatemergencymeasurescanbesup
portedtoavertmosquitobornediseaseepidemicswhenthe
earlyseasonwarningsystemindicatesthatemergencyaction
isindicatedInmanydistrictsthisprogresshasbeenaccom
paniedbyagraduallydeclningtaxrate

Onemaywellaskhowthisimprovementhasbeen
broughtaboutThereisofcoursenosimpleeasyanswer
Onemajorfactorhasbeenthejudiciousapplicationofin
formationandtechniquesobtainedfrommanysourcesto
thesolutionoftherespectivelocalproblems

AsuccessfultechnicalGrogramcallsforawellinformed
directorwhocanadoptoradaptproceduresdevelopedin
otherrelatedprogramsIfonewillexamineanyhighlysuc
cussfulprogramitusuallybecomesapparentthatitsunique
featuresarethoseofplanningmakinguseofexistinginfor
mationandextractingthemostfromprecisionequipment
andcarefullyselectedmaterialsThisthenismanagement
theutilizationofthebestresourcesavailableforthetaskto

beperformed

Perhapsinnootherpubliceffortaretheseprinciples
betterillustratedthaninlocalmosquitocontrolprogramsin
CaliforniaEquipmentinsecticideformulationsandbudget
proceduresaresimilarinmanydistricts yetnotwopro

gramsareidenticalforezchisadaptedtoitsspecialneeds
FurthermoretheprogramsarenotstaticWhatwasgood
enoughlastyearmaybediscardednextyearinfavorofa
betterdeviceorproceduredevelopedinaneighboringarea
Outofthisconstantstrivingforimprovementhascomethe
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extremelyhighlevelofeffectivemosquitocontrolprograms
TheUniversityofCaliforniaishelpingbyperformingre
searchtofindneworimprovedmosquitocontrolmeasures
andtheBureauofVectorControlandSolidWasteManage
mentencouragesandperformstechnicaldevelopmentand
evaluationservicesaswellasfacilitatingtheexchangeof
informationrelativetopromisingnewdevelopments

Letuslookatsomeofthetoolsandmaterialsofthe

tradewhicharesocommonlyacceptedastobetakenfor
grantedandconsiderwheretheycamefrom

In1892DrLOHowardthenentomologistforthe
UnitedStatesDepartmentofAgriculturesuggestedtheuse
fkerosenecoaloilasathinfilmspreaduponthesur

faceofthewaterwheremosquitoeswerebreedingandso
wasbornthecontrolofmosquitoesbylarvicidingWenow
havehadcountlessotherlarvicides butpetroleumoilsare
stillusefulinthearmamentariumofmosquitocontrol
weapons

Attheturnofthecenturytheyellowfevercontrolpro
gramsinCubaandthecombinedyellowfeverandmalaria
controlprograminPanamaprovedconclusivelythatanef
ficaciousattackagainstthevectorscouldcontrolthesedread
diseases anditissignificantthatbotharevirtuallyelim
inatedfromtheUnitedStatesMuchclosertohomehas

beentheadoptioninCaliforniaofanencephalitisintelli
gencesystemandtheframeworkforanemergencyopera
tionsprogramthatcangointoactionwhentheneedarises
Theefficacyoftheseprocedureshasbeensuccessfullyput
tothetestduringtwocriticalyearssincetheepidemicof
1952

Currentextraordinaryprecipitationmaypresageanother
emergencyyearalthoughitisyettooearlytomakeaposi
tiveprediction

TheNewJerseyAgriculturalExperimentStationcom
pletedastatewidemosquitosurveyin1904perhapsthe
bestofitskindthathaseverbeenmadeanywherethatwas
usefulinfixingthepatternofsuccessfulmosquitocontrol
incommunitiesforNewJerseyandotherstatesThereport
assessedthevariousproblemsandingeneralrecommended
thataprimaryprogrambeadoptedwhichwouldemphasize
permanentcontrolsourcereductionandwhichwouldem
ploylarvicidingasasupplementThevaluesofmosquito
fishincludingbothbrackishandfreshwaterspecieswere
fairlyappraisedAplanwasalsoproposedwherebyengin
eeringmeanswouldbeusedinpromotingbiologicalcon
trolInthisregardthesaltmarsheswouldbeditchednot
fordrainagebuttocirculatethewatersofthetidesthereby
exposingmosquitolarvaetoattackbyfishOtherpredators
werealsorecognizedThebasicprinciplesenunciatedvery
closelyresemblethoseincorporatedintheStandardsand
RecommendationsforMosquitoControlinCalifornia
whichwereadoptedin1949

Followingtheappearanceofthe1904reporttheearly
attemptstoprovidemosquitocontrolinNewJerseywere
performedbymunicipalitiesbutwerenotsuccessfulbe



causetheincludedareasweretoosmallandinvasionsof

mosquitoesfromotherareasnullifiedtheresultsThena

modelmosquitolawwaspassedbytheStateLegislature
providingfortheformationofcountywidemosquitoex
terminationcommissions

Theprincipleofseparatingthemosquitocontrolpro
gramfrompartypoliticsandofprovidingforcontinuityof
effortbyentrustingthisimportantprogramtoapolicy
BoardofTrusteeswassetforthin1912inNewJerseyThis
principlewasadoptedwithappropriatemodificationsofde
tailsbyCaliforniain1916Bythislegaldevicethepopula
tionwhichreceivesthebenefitsandpaysthebillsisgiven
controlofitsownprogramBythisarrangementthetrustees
representthepeoplethemanagerrepresentshisprofession
andpersonnelfacilitiesandtoolsareemployedtoperform
necessaryoperationswithinthepolicieslaiddownbythe
BoardFurthermorealthoughtheseboardsareentrusted
withextraordinarylegalpowerstodemandtheabatementof
publicnuisancesthelawshavebeenonthebooksformore

than50yearswithnorecordedcaseofabuseofthesepow
ersInsteadtheboardshavebeenextremelyresponsiveto
themajorityviewsofthepeopletheyrepresentThestruct
ureofthislegalarrangementhasbeenanimportantfactor
inallowingthestabledevelopmentofeconomicalmosquito
controlinCalifornia

Sometimeafterthevalueofoillarvicideshadbeendem

onstratedParisgreendustwasfoundtobeeffectivefor
thecontrolofAnopheleslarvaeThismaterialwasusedex
tensivelyinPanamainthesoutheasternUnitedStatesand

induecourseforatimeinCaliforniaParisgreencontinued
inuseuntilitwasdisplacedbyDDTandotherchlorinated
hydrocarbonpesticidesItisofinterestthatDDThadbeen
synthesizedbytheGeigyCompanyofSwitzerlandlongbe
foreitsextraordinaryabilitytocontrolmosquitoeswasdis
coveredThereafterworkersattheUSDAlaboratoriesin

OrlandoFloridathoroughlyexploreditspotentialusesand
developedformulaetechniquesandequipmentforitsef
ficientutilizationTheinformationdevelopedbytheUSDA
wasofinestimablevaluetothesuccessoftheexpanded
mosquitocontrolprogramsinCaliforniaimmediatelyfol
lowingWorldWarIILatermanyothersyntheticinsecticide
chemicalsweredevelopedbymanyresearchorganizations
MosquitocontrolagenciesinCaliforniaadoptedsomeof
theseincludingBHCchlordanetoxapheneparathional
drinanddieldrinStilllatercommerciallaboratoriesde

velopedmalathionfenthionandDursban allofwhich

havebeenadoptedandusedtogoodadvantageinCalifornia

Thermalaerosolfogsforthecontrolofadultmosquitoes
enjoyedabriefperiodofhighpopularityinCaliforniaIt
isofinteresttorecallthatmuchoftheinitialdevelopment
oftheequipmentwascarriedoutbyworkersfromColumbia
Universitytechniquesforemployingfogsweredeveloped
bytheUSDAcommercialinterestsdevelopedseveralma
chineswhicharestillbeingproduced20yearslaterand
Californiamosquitoworkersemployedthesameprinciples
inthedesignofcustombuiltfoggingmachines

Theoriginofthemistblowerswhicharenowemployed
soeffectivelybymosquitoabatementagenciesislesseasy
totraceHoweverhighvolumemistblowersforuseinag
riculturewerethoroughlytestedbyworkersoftheUSDA
andcommercialmodelswereavailablefromseveralmanu

facturersbefore1940Mostoftheseweretoolargeforcon
venientuseonjeepsTheNorthernSanJoaquinMosquito
AbatementDistrictwasthefirsttodevelopamistblower
especiallyforuseonajeepAscientificstudybytheDe
partmentofAgriculturalEngineeringUCDavisprovided
technicalcriteriaforthedesignofimprovedmodelsmany
ofwhicharenowinservice

Wearenowheavilydependentuponaircraftformosqui
tocontrolinanareawhichapproaches11millionacresan
nuallyWecanbeproudoftheprogressiveimprovements
whichhavebeenaccomplishedintheuseofaircraftinCal
iforniaandofthefactthatwearenowbeinglookedtofor
leadershipintheuseofaircrafttocontrolmosquitolarvae
Butthereisinfactnotmuchdifferenceintheprocedures
whichwepresentlyfollowandthosewhichweredeveloped
bytheUSDepartmentofAgricultureandbytheTennessee
ValleyAuthorityduringtheperiod19421947Theearly
contributionsbyUSDAworkerswhichwerepublisheddur
ingthesameperiodhavebeenofinestimablevaluetousin
developingthelowvolumelarvicidingmethodologywhich
isnowservingmosquitocontrolinCalifornia

MosquitocontrolagenciesinCaliforniahaveinthepast
benefitedfromadvanceselsewhereparticularlythosere
sultingfromresearchanddevelopmentbyfederalagencies
AmongthosearetheDepartmentofAgriculturethePublic
HealthServicetheTennesseeValleyAuthorityandthe
armedservicesNowthatthelocalprogramshereareso
highlydevelopedthereareincreasingopportunitiestore
ciprocatebyprovidinginformationandservicestoareasof
needinotherstatesandothercountries

Whileresearchperformedbyorsupportedbyfederal
agencieshascontributedgreatlytothescientificbasisof
mosquitocontrolthisisnotthetimetoslackenresearch
effortsThesuccessofsprayingoperationsisnowthreat
enedbythedevelopmentofincreasingtoleranceofmosqui
toesformanyofthecommonlyusedinsecticidesWecan
notevenbesurethatwewillbeabletogetthroughthe
1969seasonwithoutseriousbreakdownsinchemicalcon

trolWeneedimmediateintensifiedeffortstofindorde

velopadditionalpesticidesforpublichealthpurposesIt
appearsappropriatetoencouragethefederalgovernmentto
providesubstantialsupportforthiskindofresearch

Proceduresforclearingthewayforfederalregistration
ofnewpesticidesforpublichealthpurposeshasbecomea
particularlycriticalproblemItisnowestimatedthatover
amilliondollarsmustbeinvestedinteststodemonstrate

thesafetyofanewpesticidebeforeregistrationwillbe
grantedItisunderstandablethatproducersofpesticides
arereluctanttomakesuchaninvestmentexceptwhere
thereisanapparentreadymarketfortheproductwhich
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willjustifytheexpenditureTherearethosewhobe
lievethatspecialfundsshouldbemadeavailableto
appropriateagenciestopermitthemtoaccelerateresearch
onproductswhichappeartohavevalueinpublichealth
programsbutwhichshowlimitedcommercialpotential

Fundamentaltothesuccessofruralprogramsisthede
velopmentofimprovedmethodsforthecontrolofmosqui
toesinirrigatedagriculturalareasTheresearchnecessary
toobtainasatisfactorysolutiontothiscomplexproblem
willinevitablybebothdifficultandcostlyConsiderforex
amplethosefieldsintheCentralValleywhichin1968re
quiredlarvicidingbyairsomethingover20timesduring
theseasonatacosttothedistrictofmorethan1500per
fieldItisdoubtfuliftheranchersmadeanetprofitof
thatamountfromtherespectivefieldsWoulditnotbeap
propriatetoencouragefederalsupportforjointagricul
turalmosquitocontrolresearchanddemonstrationstoshow
howtheseproblemfieldscouldbemanagedforincreased
agriculturalreturnssimultaneouslywithlessenedmosquito
production

Asyouknowfederalagenciesarepermittedtosupport
qualifyingresearchprojectsconductedatthestateorlocal
levelandCaliforniamosquitocontrolhasbenefitedgreatly
duringthepastthreeyearsunderacontractbetweenUC
DavisandtheUSDAwhichprovidedsupportforstudieson
lowvolumesprayingThisprojectwascompletedin1968
tothesatisfactionofallconcernedHoweveritdidreveal
otheraspectsofairsprayingwhichneedtobestudiedRe
grettablyfederalfundsforcontinuedsupportofthisre
searcharenotavailableatthistime

Thereisyetanotheraspectoffederalagencyparticipa
tionwhichdeservesconsiderationIthasbeensuggestedthat
matchingfederalfundsbemadeavailableunderreasonable
limitationstostatesandlocalcommunitieswhichhaveur

gentmosquitoproblemsbutinsufficientlocaltaxincome
tosupportasoundcontrolprogramTherearemanysuch
communitiesthroughoutthecountryincludingafewin
CaliforniaSuchcommunitiescanoftenmaintainsuccessful
technicallysoundprogramsoncetheyareestablishedbut
thereisurgentneedforoutsidehelpduringthefirstdiffi
cultformativeyearsAlsoserioustechnicalmistakesthat
mayoccurinprogramsundertakenwithoutessentialscien
tificguidanceinvariablyreflectunfavorablyonproperlyex
ecutedprograms

Federalaidcouldbeofgreatvalueinsupplementinglocal
effortincertainareasalthoughsuchaidshouldbesafe
guardedsothatonlyessentialprogramsareeligibleandthe
determinationofeligibleprojectsshouldbemadewithinthe
participatingstatesinaccordancewithexistingpatternsof
administration

Theinternationalprogramspresentasomewhatdifferent
considerationThepossibikityoferadicatingmalariaisareal
isticgoalinmanypartsoftheworldItistruethatglobal
turmoilinsecticideresistanceandnewinformationonmos

quitobehaviorhavethreatenedsuccessorchangedthedir
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ectionofprogramsinsomeareasNeverthelessthegreat
progresswhichhasbeenmadehassubstantiallylessenedthe
economicpenaltyofmalariaandhasclearedthewayforac
celeratedeconomicdevelopmentofmanyareasTheinter
nationalauthoritiesonmalariahavegivensoberconsidera
tiontothesecomplexproblemsandthereisagradualevol
utionofprogramwhichisfocusingmoreattentiononthe
comprehensivecontrolofthevectormosquitoesWithin
thisbroadenedconceptthereisroomtoapplyallofthe
technologywhichhasbeendevelopedforthecontrolof
mosquitoesandmosquitobornediseases

Ithasbeensatisfyingtonotethatworkersfromother
countrieshaveshowngreatinterestinCaliforniacontrol
programsandinyourAssociationIthasbeenevenmore
satisfyingtoseethefavorableresponseofthemanyworkers
fromothercountrieswhohavebeenabletovisitCalifornias

controlagencies

AmongallofthekindsofforeignaidwhichtheUnited
Statesmightextendtothelessprivilegednationsofthe
worldperhapsnonecouldbemorebeneficialthantheel
iminationofthebarriertoprogressrepresentedbymosqui
tobornediseasesTheaidnowbeingprovidedbytheUnited
StateseitherdirectlythroughUSAIDorindirectlythrough
contributionstotheUnitedNationsofwhichWHOisone

divisionismainlyintheformoffundsfortechnicalsup
portandguidance asmallfractionofthetotaleffort

butonewhichproducesasubstantialreturn

Thereisalonglistofpersonswhoseabilitytoprovide
technicalservicestoworldwideprogramsisgreaterbecause
oftheirassociationwiththemosquitocontrolprogramsin
CaliforniaAstheoverseasprogramsembraceabroaderap
plicationofantimosquitomeasuresthedemandforper
sonswhocanprovidesuchservicesmaybeexpectedtoin
creaseEachnewexperiencetendstomakeanindividual
morecompetentinmeetingresponsibilitiesbyincreasing
hisinsightintomosquitoproblemsbeyondthosewithwhich
heisfamiliar

IncludedinthiscategoryareEdgarASmithRussellE
FontaineRoyFFritzJohnOStiversHarryMathis
WilliamCReevesRichardFPetersLawrenceLLewallen
JackHKimballHaroldWBrydonEdmondCLoomis

NormanBAkessonArthurFGeibDonaldHGreen
EdwinGWashburnMirSMullaErnestCBayAustinW
MorrillJrGeorgeSStainsJohnMHirstARalphBarr
MelvinMBorehamErnestGMeyersGeraldDBrooks
ThomasFMcGowanAlbertGRudnickJohnWKliewer
FrederickJSantanaBryanTWhitworthJohnNBelkin
ThomasHGAitkenDouglasJGouldNormanGGratz
RobertLMetcalfMerrillAWoodmyselfetal



THEOUTLOOKFOR

LOWVOLUMEINSECTICIDALAPPLICATIONS
INCALIFORNIAMOSQUITOCONTROL

ThomasDMulhern

CaliforniaStateDepartmentofPublicHealthFresno

Itisprobablyappropriatetoanticipatethatsomeonewill
againaskDoesthereportwhichappearedinSciencefor
December1968meanthatlowvolumesprayingof organo
phosphorouspesticideswillbebanned Thearticlere

ferredtoreportedcircumstantialevidencewhichappearsto
implythattheaerialreleaseofanervegascalledVXfrom
anaircraftattheUSProvingGroundatDugwayUtah
killed6000sheepinflocksthatwere27to45milesdown
windofthereleasepointThewindwasblowingtoward
theareawherethesheepwerelocatedwithgustsupto
35mphandthetoxicantwasreleasedataltitudesfrom100
to1500feet

Twocommentsappeartobeaproposwehaveonlythe
Sciencereportonthismatterandtheinformationisboth

incompleteandcircumstantialandwhetherthesheepmor
talityresultedfromthereportedapplicationorfromsome
othercauseshouldnotaffecttheuseoflowvolumeappli
cationsofpesticidesformosquitocontrolforthefollowing
reasons

Firstthedosagerateswhichareappliedformosquito
controlhavebeenshowntobesosafethatwhenpeopleen
gagedinanexperimentwiththesespraymaterialshappen
tobecaughtdirectlyundertheaircraftsoastobesprayed
withthenormaldosagenodetectableharmoccursNone
ofusliketobesoexposedandallreasonableprecautions
aretakentoavoidcontactwiththespraybecauseofthein
herenthazardduetothecumulativeeffectsofrepeatedex
posures neverthelessthedosageratesusedappeartobe
safeforsingleexposureoflivestockorpeopleThehazard
directlyunderthesprayplaneisthereforetolerableThe
hazardfromdriftissubstantiallylessItisnotuncommon
toreceiveunfoundedreportsofdamagefromsprayappli
cationsTherehavebeenotherreportssomeprovedof
damagefromsystemicweedcontrolmaterialswhichwere
windcarriedseveralmilesfromthepointofreleaseThere
alsohavebeenverifiedreportsofindustrialpollutionBut
suchapplicationsdiffersubstantiallyfromthoseusedin
mosquitocontrolinthatthemosquitocontroloperations
havebeensafeguardedbylimitingtheamountofpesticides
appliedtothatwhichistolerableIdonotbelievethatun
fortunateaccidentswhichoccurshouldlimitourinterest
inlowvolumesprayingbutwecanlearnfromsuchinci
dentswhatprecautionstotakesothattheymaynotbere
peatedNowIshouldliketoshowsomeslidestoillustrate
thefollowingsignificantpoints

Improvedspraytechnologyhaspermittedloweringthe
volumeofsprayappliedforthecontrolofmosquitolarvae
from50gallonsperacrein1935to5gallonsperacrein

1945to1gallonperacrein1955toabout8ouncesin
1965Somesuccesshasbeenattainedwithaslittleas112
fluidouncesperacreusingundilutedinsecticidecon
centrate

Inearlytests1965asimplespraydevicewasusedon
aPiperPA18aircraftownedbyKingsMADThiswas
equippedwitha20footboomhavingonly4flatfannoz
zlesandan8gallonsupplytankthelatterlocatedinthe
rearseatspaceThissimpleequipmentwasusedinlarvicid
ing35000acresinoneseasonatanapplicationrateof6
fluidouncesperacreasapracticalfieldtestoflowvolume
sprayingThesprayfromtheplanegavegooddistribution
averaging410dropspersquareinchasobservedonalumi
numfoilspreadonthegroundundertheaircraftflightpath

Thesepracticalfieldtrialsfollowedearliersmallscale
testscarriedoutin1964withanoldmodelCallAirplane
providedbytheTulareMADforlowvolumetestsThe
planewasequippedwitha12voltelectricmotordrive
pumpand611flatfannozzles

Insometeststhespraymaterialwasmarkedwitha
fluorescentdyetracersothatverysmalldropletscouldbe
detectedonmagnesiumoxidecoatedplatesThelargedrop
lets20micronsdiameterandlargerupto500microns
makeholesthroughthecoatingsmalleronesmayleavepits
ordepressionsinthecoatingandthesmallestonesless
than5micronsdiametermakenovisibledisturbanceof
thecoatingbutcanbedetectedbyviewingwithamicro
scopebyultravioletlightwhichcausesthefluorescentmar
kertoglowbrightly

ABellhelicopterusedonthecooperativelowvolume
larvicidingtestsatColusain1967asreportedintheFall
1968numberofDowntoEarth used4rotaryatomizers
toproducesmallspraydropletsThisequipmentachieved
asuccessful250footwideswathwhenflownatlowlevels

Thepatternproducedbythehelicopterwassomewhatun
usualThesprayfromthenozzlestowardoneendofthe

boomwasdeflectedsharplydownwardandfromtheother
endoftheboomthesprayappearedtobedeflectedsome
whatupwardbeforesettlingtothegroundSincethisequip
mentproducedverysmalldropletsMMDunder100mi
cronsaconsiderableportionofthespraymaterialwas
carriedoutofthetargetareaandonlyabout10ofthe
appliedmaterialcouldberecoveredfromassessmentplates
locatedinthetargetareahowevertheDursbanapplied
wasveryeffectiveagainstthemosquitolarvaeandgavesat
isfactorycontrol

APiperPawneeaircraftwasusedinthesameseriesof

testsalternatelywithtworotaryatomizersor4flatfan
nozzlesandthisequipmentproducedsatisfactoryswaths
125feetwideApproximately25oftheappliedmaterial
wasrecoveredfromassessmentplatesItisapparentthatthe
useofverysmalldropletspermitsonetoobtainwidespray
swathsbutattheexpenseofconsiderablelossofsprayma
terialwhichispresumedtodriftoutofthetargetarea
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IncooperativeHILOtestsmadeinKernCountyin
1967andearly1968lowvolumeapplicationsweremade
fromaltitudesof1000and2000feetusingspraymixtures
oflowvolatilityAlthoughthesewerelowvolumeteststhe
aircraftwererequiredtodispenseinsecticideatarapidrate
morethan20gpm

TheHILOtestswerebaseduponachartdevelopedto
showthetheoreticalpathsofspraydropletsofseveralsizes
ifreleasedfromanaircraftflyingat1000feetaltitudewith
awindmovinginahorizontalpathwithnoturbulenceand
novariationsinvelocityaconditionwhichneverexistsin

natureFromthischartitwasevidentthatdropletssmaller
than50micronsdiameterfallsoslowlyduetogravitythat
theywillbecarriedalongdistanceinahorizontaldirection
beforecomingdowntotheearthandareaffectedgener
allymuchmorebytheaircurrentsthroughwhichtheyfall
thanbygravityLargerdropletsupto300micronsdiame
terorlargerfallmuchmorerapidlyandinamorepredict
ablepatternThereforeorHILOsprayapplicationsit
appearsnecessarytocompromisebetweenthesmallerdrop
letswhichmaygivemoreefficientuseoftheinsecticide
appliedandthelargerdropletswhichtendtobewasteful
ofinsecticidebutwhichcanbeexpectedtofallinthetar
getzoneItalsoappearsthatsubstantiallylargerdroplets
canbeemployedefficientlyforlarvicidingwheretheobject
istogettheinsecticideintothewaterwherethemosquitoes
developandthatsmallerdropletsshouldbeusedforadult
icidingwheretheobjectitohavethedropletsremainair
borneforalongerperiodoftimesothataircurrentsmay
transportthemtothelocationswheretheadultmosquitoes
maybeAerosolmachinescharacteristicallyproducesmall
droplets5to50micronsdiameterrangeandspectacular
resultscansometimesbeobtainedwhenfavorablemetero

logicalconditionsprevailhoweversuchconditionsrarely
continueforlongperiodsoftimeintheCentralValleyof
Californiaduringthemosquitoseasontherebylimitingthe
utilityofaerosolmachines

InthecooperativeHILOtestsapplicationratesof
morethan20galminutewererequiredtocoverthevery
wideswathwhichwasobtainedupto10000feetAdual
spraysystemwithmorethan100flatfannozzleswasused
ontheKernMADPiperPawnee235aircraftTheappli
cationratewaslessthan3ozacre

Withtheplaneflyingatanaltitudeof1000feetRhoda
mineBreddyeinthespraymadeadistinctpatternon
thefinishofawhitecarwhichwasabout1000feetdown

windoftheflightpathwithabout24dropletssquareinch
Thepolishonthecarwasapparentlyaverygoodspreading
agentforthespraymaterialbecausethedropletsspreadto
makespotsmorethan18indiameter

Fartherdownwindat1200feetthereweremoredrop
letscollectedonanaluminumpanThesewerealllarge
droplets200300micronsdiameterandtheywerequite
evenlysizedStillfartherdownwindat1600feettherewere
greaternumbersofdropletsallsubstantiallysmallerAt
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1800feetdownwindtherewereevenmoredropletsofstill
smallersize

OnoneearlymorninginMaderaCountyInotedastrik
ingvisualrepresentationofthekindofinversionswhich
affectaerialsprayingTherewasnodetectablewindat
groundleveland3firesburningbrushfromafigorchard
produceddensecolumnsofsmokeThewarmairwas
causingthesmoketoriseinaverticalcolumnuptoabout
300 400feetabovethegroundwhereahorizontalwind
wasblowingperhaps1to2milesanhourcuttingoffthe
topsofthecolumnsofsmokeInthisinstancemeasuring
thewindvelocitiesatthegroundwouldnotpermitoneto
predictwherespraymaterialwouldgoifitwerereleased
abovetheinversionThisillustratesthepointsooftenem
phasizedwemustknowwhataircurrentsoccurwhen
spraysareappliedbyair

Intheapplicationoflowvolumespraysitisimportant
todifferentiatebetweenadulticidingandlarvicidingOna
somewhatarbitrarybasisthefollowingspecificationshave
beendevelopedforuseasaguideforaircraftapplications
butIfreelyacknowledgethatwiththeequipmentavailable
tousitmaynotbepracticabletoaccuratelymeetthese
specificationsandfurthermoretheneedformorefunda
mentalresearchisacuteforalthoughwecannoweffective
lyuselowvolumesprayingitisapparentthatgreatim
provementsarepossible

Specifications

Foradulticidingtheobjectiveistoproduceandmain
tainaconstantsprayoutputplusorminus10ofthere
quiredvolumeoutputperminuteofanyapplicationrate
peracreasspecifiedbytheStatefrom20to40fluidoun
cesperacreThedropletscomprisingthespectrumofspray
dischargedfromthehelicoptershouldhaveamassmedian
diameterof50to75micronsNomorethan20ofthe

volumeofsprayedliquidshouldbeindropletshavingadia
metergreaterthan125micronsasdeterminedbyreadings
madeofmicroscopeslidescoatedwithDrifilorbyother
standarddropletmeasurementmethods

Thesprayoperationsshouldproduceadistribution
yieldingaconsistentaverageofatleastten10dropletsper
squareinchasdeterminedbycountofsprayparticlesim
pingeduponrecoverycardsplacedinthetargetareaThe
pesticidewillbedispensedfromanaltitudeoffrom10to
400feetabovegroundasspecifiedinthefieldbytheState
TherepresentativeoftheStatemayspecifythenumberand
thesizeofflatfanspraynozzlestobeused

Forlarvicidingtheobjectiveistoproduceandmain
tainaconstantsprayoutputplusorminus10ofthere
quiredvolumeoutputperminuteofanyapplicationrate
peracreasspecifiedbytheStatefrom3to8fluidounces
peracreThespectrumofspraydropletsdischargedfrom
thehelicoptersshallhaveamassmediumdiameterof100to
200micronsNomorethan20ofthevolumeofsprayed
liquidshallbeindropletshavingadiameterlessthan50



micronsandnomorethan10ofthevolumeofsprayed
liquidshallbeindropletshavingadiametergreaterthan
300micronsasdeterminedbyreadingsmadeofglassplates
coatedwithmagnesiumoxideorbyotherstandardspray
dropletmeasurementmethods

Thesprayoperationshouldproduceadistribution
yieldingaconsistentaverageofatleastfive5dropletsper
squareinchasdeterminedbycountofsprayparticlesim
pinginguponrecoverytestcardsplacedinthetargetarea
Thepesticidewillbedispensedfromanaltitudeoffrom10
to400feetabovegroundasspecifiedinthefieldbythe
StateTherepresentativeoftheStatemayspecifythenum
berandthesizeofflatfanspraynozzlestobeused

1968FIELDTRIALSOF

LOWVOLUMESPRAYAPPLICATIONS

EugeneEKauffman

ManagerSutterYubaMosquitoAbatementDistrict

Thelowvolumetechniqueofaerialsprayingwasusedin
1968bytheColusaMosquitoAbatementDistrictandby
theSutterYubaMosquitoAbatementDistrict

HighpopulationsofAnophelesfreebornimosquitoes
periodicallyoccurinthetownofColusaastheresultofin
vasionsfromthericefieldsinthevicinityThereforeaplan

waspreparedforatestoftheHILOmethodoflow
volumesprayingsimilartothetrialswhichhadbeencon
ductedinKernCountyin1967and1968combinedwith
verticalstacking todeterminetheefficacyofthismeth

odinfreeingatownofadultmosquitoesAcorollaryob
jectivewasthatofdeterminingwhetherthemethodwould
givegooddistributionoftheinsecticidethroughouta
smalltown

TheaircraftusedwasaPiperPawnee150 with4noz

zlesonashortsprayboommountedjustforwardofthe
tailwheelThespraydepositinthetargetareawasassessed
bymeansofpotassiumiodideandKromecotecardsglass
slidesmylarsheetssuctionairsamplersandcagedadult
mosquitoesThesewerelocatedatpreselectedassessment
stationsalongalineperpendiculartotheflightpathofthe
aircraft

ThefirstflightwasplannedforJuly31buthadtobe
abortedduetoinsufficientwindOnAugust1thewind
velocitywasadequateandthetestcommencedTheplan
calledforonepassatanaltitudeof500feettwoat1000
feetandfourat2000feetallpassesverticallystacked
aboveaflightpathattheupwindedgeofthetownTwo
passesweremadeaccordingtoplanbutonthesecondpass
at1000feetthepilotnoticedthatnomaterialwascoming
fromthenozzlesHoweverallsevenplannedpasseswere
madeinordertodeterminethetimerequiredfortheentire

applicationThetestwasevaluatedattheendofonehour

Spraydropletswererecoveredfromthelineofflightat
leasttwomilesdownwindandmosquitoesdiedinallcages
Observationsbylocalresidentsindicatedtherewasanotice
ablereductioninmosquitoes

Thesecondflighttestwasmadeinaccordancewiththe
sameplanexceptthatthelineofassessmentstationswas
extendedtothreemilesTheapplicationwascompleted
accordingtoplanwithallnozzlesfunctioningAgainthe
dropletsreachedallofthestationsThestationatthree
mileshadmanydropletsandallthemosquitoesdiedwithin
fourhours

Intheteststhegreatestnumbersofdropletswerere
coveredfromthefarthestdownwindteststationsindica

tingthatspraymaterialwasgoingbeyondtheendofthe
testlineThisgaverisetothequestionHowfardidthe
materialdrift Thereforeasinglepasswasmadetode
terminethedriftfromagivenaltitudeA3600feetassess
mentlinewaslaidoutwithpotassiumiodidecardsat100
feetintervalsTheflightwasmadeatanaltitudeof250feet
acrossawindof45milesperhourAfterobservingthede
positonthetestcardsitwasassumedthatatownonemile
widecouldbetreatedbyobservingthefollowingswath
widthflightaltitudewindspeedrelationship

Wind MakeFlightsAtAltitudes

12mph 5001000 2000feet

22mph 250 500 1000feet

34mph 125 250 500feet

48mph 60 125 250feet

Athirdapplicationwasmadetotestthisassumption
Thewindwas2milesperhourthereforethe2505001000
feetschedulewasusedRecoverycardswereputoutinthe
townandat212and5milesdownwindExaminationofthe

cardsshowedthatthedropletrecoverywasgreatlyincreased
overthetwoprevioustestsCountsofthecardsfromthe
firsttworunsaveraged44and53dropspersquareinch
andfromthelastrun267Evidentlythethirdapplication
wasmuchmoreeffectivethantheothers

CagedadultswerenotusedinthelasttestRestingsta
tionsandlighttrapswereobservedbeforetheflightbuta
strongnorthwindfollowingthetestrenderedapostflight
checkinvalid

TwotestswereperformedintheSutterYubaMosquito
AbatementDistrictagainstafieldpopulationoffirstto
thirdinstarlarvaeusingDursbanappliedbytheULV
technique

Oneflightwascompletedunderdifficultcircumstances
Thewindwasvariable37milesperhourthetemperature
90Fandoneofthefournozzleswasdischarginglessthan
itsratedcapacityTheapplicationwasmadeaspartofa
projectonresiduestudiesThefieldof80acreswasinside
a1500acreareathatgavecountsof1020mosquitoesper
leg

ThefieldwastreatedwithaGrummanAgCataircraft
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andconventionalsprayegiipmentflying100footswaths
Afterthetestslessthanonelarvaperfiftydipscouldbe
foundcomparedtopreflightcountsoftwoperdip

Forthepasttwodecadesaerialapplicationofpesticides
forcontrolofmosquitoeshasprobablybeenthemostim
portantactivityperformedbymostmosquitoabatement
districtsoftheCentralValleyWithoutplanesandsuitable
pesticidesitseemsunlikelythatadequatelevelsofmosqui
tocontrolcouldhavebeenaccomplishedwithinpractical
economiclimitsofmanyvalleydistricts

Duringthisperiodthousandsofacreshavebeensprayed
annuallybyapplyingaqueoussolutionsatratesof1to2
gallonsperacre

Experimentingin1962theUnitedStatesDepartmentof
Agriculturedevelopedinterestingandencouragingresults
withtheaerialapplicationofpesticideconcentratesinvery
lowvolumesouncesperacreStartingin1963ThomasD
MulhernoftheBureauofVectorControlCaliforniaState

DepartmentofPublicHealthcooperatedwithseveralval
leydistrictsintestingthisTechniqueforcontrollingmosqui
toesinCaliforniaResultswereencouragingandfurther
studiesoftheultralowvolumeULVtechniquehavebeen
continuedannuallythrough1968IntheSanJoaquinVal
leythereare15activemosquitoabatementdistrictsTenof
theseownandoperatetheirownaircraftDuring19686
hadULVspraysystemson9separateairplanesand4uti
lizedULVfor18to100oftheirsprayprograms

TheKernMosquitoAbatementDistrictbeganlimited
ULVoperationsin1966SincethattimeKernhasannually
increasedtheuseofthismethodofapplicationtoalevel
wherepracticallyallaerialsprayingwasULVin1968

TheKingsMosquitoAbatementDistrictbeganULVop
erationsin1967During196818oftheiraerialopera
tionswereULVTheConsolidatedDistrictbeganULVop
erationsin1968andtheiraerialsprayprogramfortheyear
was100ULVTheTulareDistrictalsobeganULVopera
tionsin1968whichaccountedfor50oftheiraerialspray
program

Twodifferentsystemsarebeingusedbythesedistricts
IthepressurizedsystemwhereCO2orpressurizedairis
beingusedasthepropellantforcetodischargethespray
2electricallydrivenpumpsthelatterbeingmostcom
mon

Allsystemsuseflatfanorconespraynozzlesmounted
onboomsSmallorificesrangingfrom800067to8002are
utilizedtoobtainsmalldropletswithinalimitedsizerange
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1968FIELDEXPERIENCEWITHLOWVOLUME

APPLICATIONINTHESANJOAQUINVALLEY

ArthurFGeib

KernMosquitoAbatementDistrictBakersfield

Operatingpressuresnormallyrangefrom20to40psiwhile
dischargingavolumeof133to8ouncesperacreTwoof
thedistrictscurrentlyoperationalwithULVapplyswath
widthsof100feetoneat132feetandoneat220feet

AlldistrictsusefenthionfortheirstandardULVapplica
tionsThreeofthefourdiluteorextendthe7or8lbscon

centratewithoilssothattheywillapplyavolumeof323
to4ouncesperacreat01lbfenthionperacreThefourth
districtappliesstraightconcentrateat113to156ounces
peracre

MalathionisalsousedtosomeextentThisisappliedat
5to8ouncesperacretoobtainadosagerateof04to05
lbperacre

Fourdistrictshavedualspraysystemsonsixaircraft
TheKingsandKerndistrictsutilizethesedualsystemsop
erationallyTheyobviouslyaffordmaximumflexibilityin
choiceofpesticidesandratesofapplicationandtherebyin
creaseefficiency

AlldistrictsusingULVreportresultstobeequalto
thoseobtainedwhenusingaqueousspraysAllalsoreport
theyanticipatecontinuingtheuseofULVduring1969and
fouradditionaldistrictsareconsideringtheoperationaluse
ofULVduring1969

TwofactorsassociatedwithULVaerialsprayingaccount
primarilyforthemarkedincreaseinsprayingefficiency1
Whenapplyingatonlyafewouncesperacreaveryminimal
timeisconsumedinloadingwhichinturnreducesferrying
timeVeryoftenoneortwoloadsperdayisallthatwillbe
needed2Swathwidthincreaseofswathtodoubleand
triplethatattainedwithaqueousspraysreallyreducesflight
timeTheTulareDistrictreportsa50increaseinefficien
cyandtheKerna70increase

Asmentionedpreviouslytwodistrictsareoperational
withdualsystemsOneofthesetheKernnotonlyhas
dualsystemsontwoaircraftithasoneplanewiththreesep
aratespraysystemsTwooftheseareoperatedwithelectri
callydrivenpumpsandthethirdisanairpressuresystem
primarilyfortheapplicationofDibromforadulticiding
purposes

SWATHKILLSOFONETOTWOMILESUTILIZING

ANEWLOWVOLUMEAEROSOL

GROUNDDISPERSALUNIT

GeorgeSStains
UnitedStatesNavy

AlamedaNavalAirStationAlameda

ABSTRACT

TheNavysnewlowvolumeaerosolgeneratorground
dispersalunithasbeenfieldevaluatedandfoundhighlyef



fectiveinthecontrolofmosquitoesandfliesLowvolumes
ofhighconcentrateDibrom Dursbanandmalathion
weredispersedin10micronmassmediandiametersize
dropletsthroughfourdoubleairliquidvorticaltypenoz
zlesThesedropletswerecarriedbyprevailingwindstotest
sitesvariousdistancesupto12000feetfromtheaerosol
generatorwheretheycontactedcagedadultmosquitoesand
housefliesUpto100killwasobtainedtwomilesfrom
thepointofinsecticidereleaseTherateofflowforeachin
secticidewascalibratedinouncesperminutewiththegen
eratortravelingat440feetperminute

Theaerosolgeneratorwasdevelopedspecificallyforthe
purposeofdispensingconcentratedortechnicalgradein
secticidesStainlesssteelplumbingthroughoutandteflon
linedhosespreventdegradationbycausticchemicalsThe
pressurizedsprayreservoirhighvolumeairblowerdouble
airliquidvorticalnozzlesand312poundsgrossweightare
uniquefeaturesdesignedtopermiteaseofoperationsmall
dropletproductionandhandlingbytwomenThepivotal
boomallowsdispersalinanyofthefourdirectionsrelevant
tothegenerator

Smalldropletdispersalhasbeenfoundtoimprovecon
trolefficiencyreduceecosystemcontaminationandlower
pesticidecostsTheoreticallycompletecontrolofmosqui
toesandfliesoveralargeareacostsonlyafewcentsper
acreusingthismachineIntermsofvolumeonedroplet
100micronsindiameterisequivalenttoathousanddrop
lets10micronsindiameterTheprobabilityofatleasta
fewofthe10microndropletscontactingthetargetinsect
ismuchgreaterthanthatofasingle100microndropletIn
thefirsttwotestsperformed98ofthedropletswere15
micronsorlessindiameterwithover70fallingunder10
microns

AnewfluorescentparticleFPspraytracertechnique
wasemployedinthesestudiesThismethodconsistedof
suspendingaknownconcentrationofFPsintheconcen

trateinsecticideandsubsequentlyanalyzingtheairborne
aerosolcloudwithspecializedrotorrodsamplingdevices
ThenumberofFPsineachimpactpatternisameasureof
theoriginaldropletvolumeHencetotalmasssizeanddis
tributionofaerosoldropletscanbedeterminedThesensi
tivityandeaseofassessmentattainablebythistechnique

makeitparticularlyusefulinfieldtestingofinsecticidedis
persalequipmentandindeterminingtheeffectivenessof
dispersaloperations

PROCEDURESWHICHMAYBEEMPLOYEDBYA
MOSQUITOCONTROLAGENCYINASSESSING

LOWVOLUMEAPPLICATIONS

DonJWomeldorfandPatriciaAGillies

CaliforniaStateDepartmentofPublicHealth
SacramentoFresno

Introduction

Operationalmosquitocontrolprogramsusinglowvol
umeLVinsecticideapplicationsneedtohaveavailable
quickandeasymeansofevaluatingthetreatmentsThe
methodsneednotreachthedegreeofsophisticationrequir
edinhighlyrefinedresearchprogramsbutshouldprovide
basicinformationastowhatishappeningduringtreatment
Thispaperdiscussessomeofthemethodsavailableforcali

bratingandevaluatingLVapplicationsManyofthesepro
cedureshavebeendevelopedinCaliforniamosquitocontrol
programs

Threeseparateareasareconsideredcalibrationoflow

volumeapplicationequipmentevaluationofdepositionsof
insecticideforlarvicidaleffectandevaluationofinsecticide

applicationforadultmosquitocontrolForsimplicitydis
cussionsarelimitedtoaerialapplicationsbuttheproce
duresareusuallydirectlyapplicabletogroundequipment
useaswell

Calibration

Calibrationtakesintoaccounttheaircraftsspeedthe
swathwidthandtheapplicationrateCaliforniasmosquito
controlpilotsarewellacquaintedwiththetechniquesused
todetermineaircraftspeedusuallybytimingflightover
measureddistancesoftenusingmileapartroadsasmark
ersSwathwidthdeterminationisdiscussedlaterinthisre

portGivenaircraftspeedswathwidthandadesiredappli
cationratethenecessaryflowratecanbedeterminedac
cordingtotheformula

flowrateflozmin

swathwidthftxspeedmphxapplicationrateflozacre
49386

since

flowrateflozmin applicationrateflozacrexacres
min

and

acresminswathwidthftxspeedmph
49386

Flowratescanbeestimatedfromcatalogdatabutmust
becheckedusingtheparticularLVmixturesincetheirvis
cositiesareusuallyverydifferentfromwateronwhichcat
alogdataarealmostalwaysbasedInmostcasesitisrela
tivelyeasytomeasuretheflowratebycatchingthefluid
foratimedperiodIftheaircraftisequippedwithapres
surizedsystemoranelectricpumpsystemtherecoverycan
bemadeonthegroundPlasticbabybottlesareconvenient
sincetheyarecalibratedinflozGeibetal1967Plastic
bagsorjugscanalsobeusedIftheaircraftmustbeinthe
airtooperatethepumpsystemtheproblemismorecom
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plexbutplasticjugsorbagscanbewiredortapedtoeach
nozzletocollectthematerial

Flowmeterswhichprovidearunningcheckonflow
ratesthatcannotbeobtainedinanyotherwayareavail
ableinseveralmodelsandstylesThecostoftheseunitsis
notexcessive

Thefinalcheckoncalibrationshouldalwaysbemade
underoperationalconditionsandshouldberepeatedatin
tervalsasworkisperformedTheeasiestandbestmethodis
tomeasuretheamountofmaterialactuallyappliedtoa
fieldofknownsizebyforexampleplacingaknownquan
tityofchemicalinthetankpriortotreatmentandmeasur
ingtheamountleftaftertreatmentThedifferenceisthe
amountapplied

EvaluatingLarvicideApplications

Larvicideapplicationsasthetermimpliesarelimitedto

treatingwaterEvaluationthereforecanbeperformedby
observingthedepositionofthematerialThesurfaceon
whichthedepositionismadedependsuponthenatureof
thechemicalandthepurposeforwhichtherecoveryis
made

Watermixedsprayscanbeapplieddirectlytowatersen
sitivepaperegKodakLinagraphNo809photographic
paperEastmanKodakCoRochesterNYapaper
whichisdevelopedbycontactwithwatersothatwater
spotsappearascontrastingcolorandintensityTDMul

hernpersonalcommunicationAsanalternativewatersol
ubledyescanbeaddedtothespraytankandappliedto
papercardssheetsorstripsSomeofthedyeshavethead
dedadvantageofbeingfluorescentUltravioletlightobser
vationoftendisclosesthepresenceofsmalldropletsnot
seenunderordinaryilluminationAnespeciallyintensedye
isRhodamineBExtraEIduPontdeNemours CoInc

WilmingtonDelwhichprovidesagoodtracewhenusedat
therateof1gmpergallonofmixedspray

ForvisualanalysisthetypeofpaperisnotcriticalIn
dexcardscanbeattachedtosmallwoodenorcomposition
blockswithrubberbandstoholdtheminplacespaceda
crosstheexpectedswathAddingmachinetapesorbutcher
paperrollsweightedwithsandbagsrocksoranythingelse
provideadequaterecoverysurfacesAparticularlyhardfin
ishedpaperissoldasKromekoteChampionPaper Fi

berCoHamiltonOhio

Oilmixedorconcentratesprayscanberecovereddirect
lyonglassormetalsurfacesAluminumpietinsprovide
cheaprecoverysurfacesandhavetheadvantageofstacking
withoutsmearingtheliquidIfplacedupsidedownonthe
groundlittleweightisneededtokeepthemfromblowing
awayPetridishesareeasilyhandledglasssurfacesAlumi
numfoilmicroscopeslidesorlanternslidesmaybeuseful
Theoilmaybemademorereadilyvisibleonanyimper
vioussurfacebydustingitwithanoilsolubledyesuchas
SudanBlackBFisherScientificCoBlinnandLovell
1965
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Oilsensitizedcardscanbepreparedasdescribedby
DavisandElliott1953Hardfinishpaperisdippedintoa
solutionof1gmduPontoilreddyein200mlacetone
ThecardsaredriedpriortouseWhensprayedtheoil
dropletsappearaspinkspotsoutlinedbyadarkredring

Asanalternativeoilsolubledyescanbeaddeddirectly
tothespraymixandcaughtonpaperaswithwatermixed
spraysSudanIIIduPontgivesagoodvisualresponse
FluorolF7GAKeystoneInghamCorpDowneyCalifis
easilyvisibleinordinarylightandalsofluorescesbrilliantly
Bothareadequateattherateof1gmpergallonofmixed
sprayAgainthetypeofpaperisnotcriticalAnyrelative
lyhardfinishpaperwilldo

Certaininsecticideslendthemselvestorecoverywith
chemicalswithwhichtheyreactspecificallyDibromfor
examplecanbecaughtonpapercardstreatedwithpotas
siumiodideThebromineportionoftheDibrommolecule
formspotassiumbromideinareplacementreactionresult
inginadarkspotonthepaperThecardsmaybeprepared
asfollowsACWhitepersonalcommunicationDissolve
potassiumiodideinmethanoltosaturationSoakstandard
3x5inchindexcardsinthesolutionforatleast30minutes

ThecardsarenowreadyforuseAvoidoverexposuresince
thecardsdarkeninthepresenceoflight

Ingeneralevaluationoflarvicidaldepositionsbyvisual
indicatormeanshadbestbelimitedtosubjectiveanalysis
Grossindicationsofswathpatternscanbeobtainedandef
fectiveswathwidthscanbeestimatedSeveralofthevisual

patterntechniquescanbeusedtomeasuredropletsizesby
determiningthediameterofthespotproducedandmulti
plyingbyaknownspreadfactorbutthesemethodsareat
bestofquestionableaccuracyAsarulewiththepresent
stateofknowledgeitseemsmostadvisabletoconsiderthat
dropletsizedeterminationisbeyondthescopeofsimple
fieldtechnique

QuanitationbybioassayGilliesetal1968iswithin
thecapabilitiesoflocalagencyresourcesThemethoddes
cribedisbasedoncomparingthemortalityrateofmosqui
tolarvaeexposedtowatercontainingunknowninsecticide
amountswiththelarvalmortalityratewhenexposedto
watercontainingknownamountsAsimplificationofthe
techniquecanbeusedtogainanideaoftherelativequani
tieswithintheswathwithoutdeterminingabsolutea
mountsCupscontainingequalamountsofwaterandequal
numbersofmosquitolarvaeareplacedatmeasuredinter
valsacrosstheanticipatedswathTheinsecticideisapplied
followingwhichthecupsarecheckedforlarvalmortalityat
intervalssuchas30456080120and240minutesIf

overhalfthelarvaearedeadinacupataninspectionthat
factisnotedandthecupisnotfurtherobservedThistech
niquereadilyshowshighandlowpointswithintheswath
andcanbeusedtogivemoremeaningtoavisualindicator
method

Recoverystationsshouldbespacedsothatatleast20or
25unitsareincludedacrosstheexpectedswathAsarule



therecoverylineshouldbeatleasttwice aslongastheex
pectedswathwidth

Regardlessofwhattechniqueisusedtoobtainprelimi
naryestimatesoftheperformanceofapieceofapplication
equipmentthefinaltestshouldbebasedonfieldobserva
tionsunderactualcontrolconditionsThereis nosubstitute

forcarefulanalysisoftheeffectoftreatingmosquito popu
lationsinthefieldThisshouldbebased onthoroughpre
treatmentinspectionofthepopulationsobservationduring
treatmentofextrinsicfactorssuchaswindandtemperature
withvisualindicatoranalysesorbioassayincorporatedinto
thefieldapplicationandcarefulposttreatmentinspection
ofthepopulation

Elementarymeterologicaldatacanbeobtainedwith a

DwyerWindmeterFWDwyerMfgCoMichiganCity
Indahandheldairflowmetersellingforlessthan10
andaslingpsychrometersuchasasmallplasticunitmanu
facturedbyBacharachPittsburghPawhichprovideswet
anddrybulbreadingsandsellsforunder15

EvaluatingAdulticideApplications
Applicationsofadulticidesmayormaynotinvolvede

positingtheinsecticideonasurfaceIftheapplicationisto
resultinacontactresidualorinanimpactandfumigation
effectthenadepositiswantedSuchapplicationscan
beevaluatedbyvisualindicatormeansasdescribedabove

Ifontheotherhandtheapplicationistoresultin an

aerosoleffectthenmeasuringdepositmaybehighly
inaccuratesincedepositmayonlyreflecttheamount
ofinsecticidethatfallsoutindropletstoolargetodo anef

ficientjobofkillingadultsAnairsamplingtechniqueis
necessary

Themostpracticalairsamplerreadilyavailabletomos
quitocontrolagenciesiscagedadultmosquitoesCagesmay
besimplewirescreentubesfittedwithcapsRogersetal
1957orclosedbyfoldingovertheendsandstaplingthem
WEHazeltinepersonalcommunicationMoreelaborate
cagescanbeconstructedfrompairsofwirescreentea
strainershingedlikeclamshellsCHSchaeferpersonal
communicationTento20adultmosquitoesaretransfer
redbyaspiratorintothescreencagesfromalargeholding
cageorthecagesmaybeplacedovercuppedpupaesothat
theadultsemergeintothecagesFollowingtreatmentit
maybenecessarytotransferthemosquitoesintoclean
holdingcagesifthereisconcernabouttheresidualeffectof
insecticidedepositedonthescreensTheadultsareobserv
edattimeintervalsafterapplicationandcomparativemor
talityrecordedAdditionalcagesshouldalwaysbeplaced
welloutsidethetestareatoserveasacheck

Dropletsizedatacannotofcoursebeobtainedbythis
methodQuantitationisnotfeasibleexceptinrelative
termsIndicationsandonlyindicationsofpotentialswath
widthcanbegainedbecauseadulticidingoperationsareso
stronglydependentuponatmosphericconditions

Asisthecasewithlarvicidalapplicationsthedefinitive
answeronevaluationmustcomefromthefieldBiting

countsrestingstationcountslighttrapcountsorevenser
vicerequestcountsmaybeusefulResultsinatarget area

shouldwheneverpossiblebecomparedwithcountsmade
inasimilaruntreatedareaIfpracticaldepositionanalyses
orbioassaywithcagedadultsshouldbeincludedinfield
evaluations
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PRESIDENTIALMESSAGE

JamesStGermainePresident

CaliforniaMosquitoControlAssociation

Iamdeeplyhonoredandsincerelygratefultothemem
bershipoftheCaliforniaMosquitoControlAssociationfor
thefaiththeyhaveinvestedinselectingmeastheirPresi
dentfortheforthcomingyearIhopetobeabletoserve
theAssociationinasdistinguishedamannerasmyprede
cessorPastPresidentJamesWBristowIshallrelyheavily
onhisadviceduringmytermofoffice

WhileservingasyourPresidenttherearethreemajor
areaswithwhichIshallbemostconcernedIshalltothe

bestofmyabilityaugmenttheoutstandingeffortsalready
beingmadetoacquirefundsforresearchTwoIampartic
ularlyconcernedwiththeimpoverisheddistrictsinour
stateandtheirdireneedformoreadequatefundingIshall
seekforthemsolidsupportfromthisorganizationtobetter
implementtheirindividualprogramsThreeIshalltryto
impressuponthosedistrictswhichareadequatelystaffed
equippedandfundedtheveryrealneedforwideningtheir
vectorcontrolactivities

Weshouldbetheleadersinallaspectsofarthropodcon
trolinourvariouscommunitiesIfforonereasonoranoth

erwecannotprovideoperationalcontrolofarthropods
otherthanmosquitoesweshallletthepublicknowthatwe
canandwillservetheminatleastanadvisorycapacityIn
shortIamsuggestingthatweasmembersoftheCMCA
meettheneedsofvectorcontrolinthisstate

WiththeguidanceandadviceoftheBureauofVector
ControlandSolidWasteManagementandtheUniversityof
CaliforniaandotherinterestedagenciesIfirmlybelieve we

canachievethisgoal
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