
PROCEEDINGSANDPAPERS

OFTHE

TWENTYTHIRDANNUALCONFERENCEOFTHE

California Mosquito Control Association

ANDTHE

ELEVENTHANNUALMEETINGOFTHE

American Mosquito Control Association

AT

HOTELSTATLERLOSANGELES

ANDTHEUNIVERSITYOFCALIFORNIAATLOSANGELES

JANUARY242526AND271955

Editedby

CDONALDGRANT

PUBLICATIONSCOMMITTEE

GEDWINWASHBURNChairman JOHNRWALKER CDONALDGRANT

CALIFORNIAMOSQUITOCONTROLASSOCIATIONINC

FOBox629

TURLOCKCALIFORNIA



THEPROCEEDINGSANDPAPERS

OFTHE

TWENTYTHIRDANNUALCONFERENCE

OFTHE

CALIFORNIAMOSQUITOCONTROLASSOCIATIONINC

ANDOFTHE

ELEVENTHANNUALMEETING

OFTHE

AMERICANMOSQUITOCONTROLASSOCIATIONINC

Dedicatedto

HAROLDFARNSWORTHGRAYMSGRPH

ENGINEERMANAGERALAMEDACOUNTYMOSQUITOABATEMENTDISTRICT19301955
LECTURERINPUBLICHEALTHUNIVERSITYOFCALIFORNIA19301952

HONORARYMEMBER

CALIFORNIAMOSQUITOCONTROLASSOCIATIONINC

AMERICANMOSQUITOCONTROLASSOCIATIONINC



AlamedaCountyMosquitoAbatementDistrict

BallonaCreekMosquitoAbatementDistrict
ButteCountyMosquitoAbatementDistrict

CarpenteriaPestAbatementDistrict
ClearCreekMosquitoAbatementDistrict
CoachellaValleyMosquitoAbatementDistrict

CoalingaHuronMosquitoAbatementDistrict
ComptonCreekMosquitoAbatementDistrict
ConsolidatedMosquitoAbatementDistrict

ContraCostaMosquitoAbatementDistrict

CorcoranMosquitoAbatementDistrict
CorningMosquitoAbatementDistrict
DelanoMosquitoAbatementDistrict

DeltaMosquitoAbatementDistrict

DiabloValleyMosquitoAbatementDistrict
DurhamMosquitoAbatementDistrict

EastSideMosquitoAbatementDistrict

EurekaCityMosquitoandRodentControl
FresnoMosquitoAbatementDistrict

KernMosquitoAbatementDistrict
KingsMosquitoAbatementDistrict

LakeCountyMosquitoAbatementDistrict
LosAngelesCityHealthDepartment

LosMolinosMosquitoAbatementDistrict

AgriformCompanyIncWasco

ArmcoDrainage MetalProductsIncBerkeley

AutomotiveSupplyVisalia
CaliforniaSprayChemicalCorporationRichmond

HVCarterCompanyIncSanFrancisco

ChemurgicCorporationTurlock

ChipmanChemicalCompanyIncPaloAlto
DuPontdeMemours CompanySanJose
DurhamChemicalCompanyLosAngeles
EllicottMachineCorporationBaltimoreMaryland
EssickManufacturingCompanyLosAngeles
FresnoAgriculturalChemicalCompanyFresno
GeigyCompanyFresno
HarangEngineeringCompanySanFrancisco
HardieManufacturingCompanyLosAngeles
HarmanPumpCompanyLosAngeles
HickeyEnterprisesSouthGate
HomeliteCorporationLosAngeles
HomeliteCorporationSanFrancisco
HDHudsonManufacturingCompanyChicago

Illinois

195455CORPORATEMEMBERSOFTHE

CALIFORNAMOSQUITOCONTROLASSOCIATIONINC

MaderaCountyMosquitoAbatementDistrict

MarinCountyMosquitoAbatementDistrict

MataderoMosquitoAbatementDistrict

MercedCountyMosquitoAbatementDistrict
NapaCountyMosquitoAbatementDistrict
NorthernSalinasValleyMosquitoAbatementDistrict

NorthernSanJoaquinCountyMosquitoAbatement
District

OrangeCountyMosquitoAbatementDistrict
OrovilleMosquitoAbatementDistrict

PineGroveMosquitoAbatementDistrict

SacramentoCountyYoloCountyMosquitoAbatement
District

SanJoaquinMosquitoAbatementDistrict
SanMateoCountyMosquitoAbatementDistrict

SantaClaraCountyHealthDepartment

ShastaMosquitoAbatementDistrict

SolanoCountyMosquitoAbatementDistrict

SonomaMosquitoAbatementDistrict

SoutheastMosquitoAbatementDistrict

SutterYubaMosquitoAbatementDistrict

TulareMosquitoAbatementDistrict

TurlockMosquitoAbatementDistrict

WestSideMosquitoAbatementDistrict

195455EXHIBITORSANDSUSTAININGMEMBERS

LambertCompanyLtdLosAngeles

NeilAMacleanCompanyLosAngeles

MillCreekProductsCompanyLosAngeles

WmHPorterFlyingServiceEmpire
HarryPRaymusInsuranceAgencyTurlock

RichfieldOilCorporationLosAngeles
Rohm HaasCompanySanFrancisco
SchieldBantamCompanyWaverlyIowa
SilverCreekPrecisionCorporationSilverCreek

NewYork

DBSmithCompanySanFrancisco
FMSpeekmanCompanySanFrancisco
SprayingSystemsCompanyBellwoodIllinois
StandardFurnace PlumbingCompanySanFrancisco
StaufferChemicalCompanyLosAngeles
SunlandSulfurCompanyFresno
TifaToddShipyardsCorporationElmhurstNewYork
Tractor EquipmentCompanySanLeandro
VelsicolCorporationChicagoIllinois
WillysMotorsIncorporatedLosAngeles



PresidentRICHARDFPETERS

PresidentElectFREDSTUTZ

VicePresidentAWLINDQUIST

ExecutiveSecretaryTEDGRALEY

NortheastDMJOBBINS
CentralEastDMacCREARY

SoutheastSVMINNICH

NorthCentralCHASFSCHEEL

SouthwestGulf CARLANAU

195556OFFICERSOFTHE

AMERICANMOSQUITOCONTROLASSOCIATIONINC

195556OFFICERSOFTHE

CALIFORNIAMOSQUITOCONTROLASSOCIATIONINC
PresidentTHOMASMSPERBECK TrusteeMemberROYLHOLMES

VicePresidentWDONALDMURRAY PastPresidentCDONALDGRANT

SecretaryTreasurerGEDWINWASHBURN

REGIONALREPRESENTATIVES

SouthernCaliforniaNORMANFHAURET CoastalERNESTCAMPBELL

SanJoaquinValleyLSHAILE SacramentoValleyWILLIAMBOLLERUD

TreasurerLESTERWSMITH

PastPresident1954REDORER

PastPresident1953FCBISHOPP

REGIONALREPRESENTATIVES

RockyMountainDONMREES

PacificNorthwestCMGJULLIN
PacificSouthwestGEWASHBURN

CanadaAWABROWN

MexicoCentral SouthAmericaLUISVARGAS

ID

1JohnManweilerandadversary2DrLWHack
ettpresentstheBookofLetterstoHaroldandHarriet
Gray3HaroldFGrayandRichardFPetersinex
hibitroom4Twogenerationsofmosquitocontrollers
JohnandOliverStiversreceivecommendationfrom
RoilyDorer5TributetoHaroldFGraySF
DommesJrHaroldDrLWHackettRichardF
PetersMrsGrayDonCollins6Commanderjohn
MHirstannouncesthepublicationofAMCABulletin
No3byHelenLouiseTrembleyDurkee7DrMal
colmHMerrillgivesanopeningwelcomefortheCali
forniaStateDepartmentofPublicHealthCDonald
Grantpresiding





FirstSessionMondayJanuary241955

AddressofWelcome
MalcolmHMerrillMD

WelcometoLosAngeles
CharlesLSenn

TABLEOF

TheDevelopmentofMosquitoControlProgramsinthe
StateofOregonMiltonHBuehler 3

RecentAdvancesinMosquitoControlintheRocky
MountainRegionDonMReesPhD 6

PoliticalandSocialAspectsofInsectControl
OttoMcFeely 9

MosquitoControlOutlookinTexasRBEadsFrank
JVonZubenJrandGeorgeAThompson 10

MosquitoControlinOhio ProgressReport
BruceBrockwayJr 11

NewEnglandBertramIGerry 12

MosquitoControlinNewYorkStatein1954
DonaldLCollinsPhD 12

MosquitoControlinPennsylvaniaRussellWGies 14

NewJerseyMosquitoControlProgress
BaileyBPepperPhD 15

MosquitoControlActivitiesinVirginia
RowlandEDorer 16

TheStoryofMosquitoControlinFlorida
JohnAMulrennan

SecondSessionMondayJanuary241955

AReviewofRecentProgressinMosquitoStudiesin
CanadaCecilRTwinn 19

AedesaegyptiandMalariaEradicationProgramsin
LatinAmericaDFredLSoper 20

ProgressReportonBiologicalControlofAedesalbopic
tusSkuseinHawaiiStephenMKHuScD 23

ExpandedGrasslandAgricultureandtheMosquito
ProblemArthurWLindquistScD

TrendsApparentinVectorControlJohnMHender
sonHaroldFGrayRichardFPetersandJohnA
Mulrennan

UnitedStatesParticipationinInternationalMalaria
ControlPrograms Abstract
DonaldRJohnsonPhD

IndiasNationalMalariaControlProgramaTwoYear
ProgressReportFredWKnipePhD

MilitaryUseofChemicalsforMosquitoControl
AustinWMorrillPhD

SignificantAdvancementsintheMosquitoControlPro
gramoftheUnitedStatesNavyCommanderJohn
MHirst

1

2

ANNUALBUSINESSMEETINGCMCA
17 TuesdayEveningJanuary251955

OpeningRemarksCDonaldGrant

ReportofSecretaryTreasurer

23

26

28

28

31

33

RecentDevelopmentsinMosquitoControlintheAir
ForceWesleyRNowellPhD 33

CONTENTS

ThirdSessionTuesdayJanuary251955

WelcometoUCLACampus
WiltonLHalversonMD 36

SymposiumArthropodborneEncephalitides 37

IntroductionKarlFMeyerMD 37

SomeClinicalAspectsofWesternEquineandStLouis
EncephalitisWilliamAllenLonshoreJrMD 37

VeterinaryAspectsBenHDeanDVM 41

EtiologicalAspectsoftheInfectiousEncephalitides
EdwinHLennetteMDPhD 43

EpidemiologicalAspectsofEncephalitisUnderField
ConditionsWilliamCReevesPhD 48

AdultMosquitoOccurrenceandHumanInfectiousEn
cephalitisCasesinCaliforniaEdmondCLoomis 51

FieldProblemsintheControlofCulextarsalis

LloydEMyersJr 52

FourthSessionTuesdayJanuary251955

SymposiumMosquitoSourceReduction
IntroductionHaroldFGrayChairman

EconomicandLegalAspectsRobertHPeters

AgriculturalAspectsGordonFSmith

UrbanandIndustrialAspects
HFEichandLPMapes

ReportsoftheCommittees
EducationandPublicRelations

Membership
WaysandMeans
FormsRecordsandStatistics
WilliamBHermsAward

Publications

WaterResources

54

55

57

58

60

60

62

62

62

63

63

63

64

GlossaryofTermsUsedinIrrigationPractices 64

OperationalInvestigations 70

Culicidology 71

Legislative 73

Auditing 74

Resolutions 74

Nominating 75

ElectionandInstallationofOfficers 75

FifthSessionConcurrent

SierraRoomWednesdayJanuary261955

SymposiumChemicalControlofMosquitoes
RobertLMetcalfPhDChairman 75

ChemicalControlofMosquitoesintheTropics
ArchieDHessPhD 76



Resultsof195354FieldTestswithInsecticidesfor

ControlofMosquitoesinOregon
RobertAHoffman

ChemicalControlofMosquitoesinCalifornia
ArthurFGeib

AsummaryofHumanExposurestoMalathionand
ChlorthionduringAerosolingOperationsDwight
CulverPhDPaulCaplanandGordonSBatchelor

FifthSessionConcurrent

StLouisRoomWednesdayJanuary261955

CulertarsalisandtheGrasslandBiome
WilliamFRappJr

TheProbableCorrelationbetweenIncreasingSalinity
andtheDisappearanceoftheGnatTendipesde
corusJoh fromMorichesBayHugoJamnback
andDonLCollinsPhD

ProgressinaStudyoftheMosquitoesofThailand
WilliamEBickleyPhD 91

SixthSessionConcurrent

SierraRoomWednesdayJanuary261955

TheRoleofVectorEcologyintheEpidemiologyof
MosquitoborneDiseasesREdwardBellamyPhD

TheRoleofTaxonomyinRelationtoEcologyandCon
trolRichardMBohartPhD 97

EcologicalBylinesofanAlaskanMosquitoWorker
WilliamCFrohnePhD 98

EcologicalApproachtoStudiesofMosquitoesinIrri
gatedAreasBasilGMarkosPhD 101

EcologicalInterrelationshipsinIrrigatedPastures
RichardCHusbands 104

RiceFieldMosquitoEcologyRichardWGerhardt105

SixthSessionConcurrent

StLouisRoomWednesdayJanuary261955

AlGranularInsecticideCarriersUsedinUtahinMosquito
AbatementOperationsJayEGrahamandDonM
ReesPhD

OperationMercySummary
DonaldRJohnsonPhD

The1954ControlTreatmentoftheClearLakeGnat
ChaoborusastictopusD SinClearLakeCalifor
niaHaroldWBrydon

HydraulicPipelineDredgesforMosquitoControl
CharlesWBlaney

EffectivenessofSomeOrganicPhosphorusandOther
InsecticidesasAerosolsAgainstMosquitoes
CMGjullin

82

90

111

SeventhSessionThursdayJanuary271955

80 IrrigatedPastureStudyAReviewofFactorsInfluenc
ingMosquitoProductionWeatherPondingandIrri
gationandSoilMoistureRichardCHusbands 112

AnIndicationoftheRelationshipBetweenIrrigation
PracticesandMosquitoProductionSterlingDavis
andRichardCHusbands

86 SomeObservationsonAedesnigromaculisEggs
BettinaRosay 119

FurtherStudiesDuring1954onBluegreenAlgaeA
PossibleAntiMosquitoMeasureforRiceFields
RichardGerhardt

ProgressReportontheCulturalAspectsofRiceField
89

MosquitoEcologyCLutherStone

TheEffectofanInsecticideTreatmentonSomeNat
uralInvertebratePredatorsinRiceFieldsRichard
WGerhardt

RestingHabitsofAdultCulextarsalisCoquilettinSan
JoaquinCountyCaliforniaNovember1953Through
November1954APreliminaryReportECLoomis
andDHGreen

SutterYubaMosquitoAbatementDistrict
ofActivities1954ThomasMSperbeck

1954ActivityHighlightsButteCounty
AbatementDistrictRobertFPortman

MosquitoControlHighlightsintheShasta
AbatementDistrictfor1954JDWillis

SanJoaquinValleyRegionalReports
GordonFSmith

Summary

Mosquito

Mosquito

117

120

123

124

125

SummaryoftheCoastalRegionsMosquitoControl
Activitiesfor195354WilliamLRusconi 127

SacramentoValleyRegionalReportErnestELusk 128

91 LosMolinosMosquitoAbatementDistrictandCorning
MosquitoAbatementDistrictSummaryofActivities

1954ErnestELusk 128

128

129

130

130

TheBarlowBoosterLowLiftPortableSubmersible
PumpMarvinAKramer

SouthernCaliforniaRegionalReports
SummaryofActivitiesoftheSoutheastMosquito

AbatementDistrict1954GardnerCMcFarland131

106 SummaryofActivitiesfor1954oftheBallonaCreek
MosquitoAbatementDistrictNormanFHauret

108 SummaryofActivitiesoftheCoachellaValleyMos
quitoAbatementDistrictRobertEWinter

MosquitoControlActivitiesoftheLosAngelesHealth
108 DepartmentfortheYear1954JohnRuddockand

EarleWDuclus

110 1954HighlightsoftheOrangeCountyMosquito
AbatementDistrictJackHKimball

MosquitoSourceReductionProgramsinSouthern
Californiain1954ArthurALee 133

131

132

132

132

133



PROCEEDINGSANDPAPERSOFTHETWENTYTHIRDANNUALCONFERENCEOFTHE

California Mosquito ControlAssociation
ANDTHE

ELEVENTHANNUALMEETINGOFTHE

American Mosquito ControlAssociation

FIRSTSESSION930AMMONDAYJANUARY231955

SIERRAROOMHOTELSTATLER

ThemeetingwasGalledtoorderat930amby
CMCAPresidentCDonaldGrantofSanMateoCounty
MosquitoAbatementDistrict

MrGrantItisgratifyingtoseesuchanexcellentturn
outandsomanypeoplewhomImetintheEastlastyear
thathavecomeoutheretoCaliforniathisyearWealso
aregratifiedthattheweatherhasturnedoutsonicely
withsunshinethatsfortheSouthernCaliforniamem
bersTheyareabitunhappyaboutthewintrychillof
theDecemberweatherbuttheydohavewarmweather
hereatthepresent

Wearehopingthatyouwillenjoyyourselveshere
andespeciallydowehopeyouwillenjoythemanyfine
speakerswehaveontheprogramtodayIwouldliketo
calluponRollyDorerPresidentoftheAmericanMos
quitoControlAssociationforanannouncement

MrDorerLastnightattheBoardmeetingapetition
waspresentedtoelectHaroldGrayanHonorarymem
beroftheAmericanMosquitoControlAssociationThis
isbeingdoneinconnectionwiththecelebrationofHar
oldGrayatthismeetingItistobekeptasecret

AccordingtoourByLawsitisnecessaryfirstthata
petitionbepresentedtotheBoardofDirectorsforaction
thenbeagainpresentedtotheentiremembershipatthe
conventionThematterwasunanimouslyapprovedby
theBoardlastnightAtthistimeIwouldliketocall
foranexpressionfromtheentiremembershipWiththat
inmindthechairwillentertainamotiontothateffect

MrPetersMrPresidentImovethatHaroldFarns
worthGraybeawardedanHonoraryMembershipinthe
AmericanMosquitoControlAssociationforhisoutstand
ingservicesinmosquitocontrol

DrReesMrPresidentIsecondthatmotion
MrDorerThemotionhasbeenmadeandseconded

IsthereanydissensionAreyoureadyforthequestion
AllthoseinfavorsayAye Ayeallthoseopposed
Silencewillthesecretaryrecordthatthevotewas
unanimousinfavorofthemotionThatsallthebusiness

IhaveMrGrant
MrGrantAtthistimeitgivesmegreatpleasureto

introducethemanwhoistheDirectoroftheStateDe

partmentofPublicHealthandwhohasbeenmostinti
matewithmosquitoworkformanyyearsIintroduce
toyouDrMalcolmMerrill

DrMerrillItisarealpleasureandhonortoserveas
welcomingspokesmanfortheStateofCaliforniaWe

Californiansgreetyouandextendyoueverycordiality
duringandfollowingthissignificantConferenceJudg
ingfromthearrayoffinepapersontheprogramaswell
asthesocialfunctionsscheduledtheprognosispoints
toarewardingexperience

OurStateandtheDepartmentofPublicHealthin
particularisdeeplyawareofandappreciativeoftheim
portantfieldofendeavortowhichyouareindividually
andcollectivelydedicatedMosquitoesareindeedoneof
CaliforniasimportantproblemsLikeourgrowingpop
ulationandindustrialexpansionandourwaterresources
developmentmosquitoproblemsarealsoshowingcon
spicuousgainsOursalubriousclimateisagreeableto
mosquitoesaswellaspeople

Inlookingbackwardsforamomentitistrulyremark
abletorealizehowfarmosquitocontrolhasadvanced
inonlyapproximatelysixtyyearsofknowledgeandactiv
ityinthisfield1955isourGoldenAnniversaryyear
inCaliforniasinceitwasjustfiftyyearsagothatthe
firstmosquitocontroldemonstrationwasperformedby
ProfessorHJQuayleoftheUniversityofCalifornia
onourSanMateoCountysaltmarshesThetransition
whichhastakenplaceintheyearssince1905istruly
worthyofmention

BrieflyCaliforniahasseenseveralepisodesofmosquito
problemsinthisshortspanofhistoryThefirstproblem
metbythepublicwasaneconomiconeinwhichsalt
marshmosquitoesintheSanFranciscoBayareaactually
threatenedcurtailmentofrealestatedevelopmentsAl
mostsimultaneouslythecontrolofmalariapresenteda
directpublichealthproblemIshouldliketorecognize
thegreatcontributionsofthelateProfessorWBHerms
ofHaroldFGrayourhonoredguestatthisConvention
andofProvostStanleyBFreebornoftheUniversityof
CaliforniaDavisinhelpingtocurbthisdiseaseNow
afterfiftyyearsofmosquitocontrolinthisStateonly
fortyofwhichhavebeenonanorganizedbasiswecan
boastaboutthevirtualabatementofmosquitoesonmost
ofourcoastalandinlandstreamsandmarshesandthe

neardisappearanceofmalariaTobesurelestmosquito
controlworkersbegivenexaggeratedcreditagricultural
reclamationandfloodcontrolactivitiesaswellasim
provedhousinghaveundoubtedlyassistedtosomeex
tentinattainingtheseresultsInanycasethoseonce
formidableconditionsfavorabletomosquitoeswhichwere



providedbynaturearenowlargelyinthecategoryof
undercontrolsubjectonlytomaintenance

Ithasonlybeenduringthepastdecadethatwein
Californiahavecomefullytorealizethatmanmade
conditionsfavoringthemosquitoesareconsiderablymore
ofatasktoovercomethanarethosefurnishedusby
natureSince1945irrigatedagricultureindustriesand
growingcommunitieshavekeptourlocalmosquitocon
trolagenciesmorethanoccupiedInfactduringthis
periodwehaveseenthenumberofagenciesalmostdou
blenowatotalof54 morethanquadrupleinarea
servedbyorganizedmosquitocontrolnowover30000
squaremiles andconsiderablymorethanquadruple
inannualexpendituresapproximately3600000this
fiscalyear

Thispastdecadehasseenartificiallycreatedwater
conditionsexpressedinbothsizeandnumberbecome
increasinglymoreavailabletovectorandpestmosquitoes
alikeAccordinglysolutionstotheseproblemshavebe
comeequallycomplexTodaywefindmosquitoesbe
ingrearedbythebillionsoutofthesamewaterbeing
appliedbythemillionsofacrefeettotheverylandswhich
arebeingdevelopedandusedtoproduceourwealth
Theproblemisbeingfurtheraccentuatedbytheliquid
wastescomingfromourindustriesandourcommunities
Itisbecomingevermoreapparentthatanincreasing
applicationoftechnicalknowledgeinthefieldsofagri
cultureindustryconservationandcommunityplanning
isimportanttomosquitocontrolworkersinhelpingthem
toaccomplishtheircomplextasks

Withinthischangingpictureofmosquitoproblemsin
CaliforniaitregrettablyappearsthatCulextarsalisthe
importantvectorofWesternandStLouisencephalitis
isbecomingevenmoresolidlyestablishedItswiderange
ofhabitatthroughoutthestateanditsadaptabilitytothe
variouswateredareasresultingfromtheartificialchang
esunderwayalmosteverywheresuggestspotentiallygreat
erencephalitisincidenceforfutureyearsSuchatrend
callsforextraordinaryeffortbyCaliforniamosquitocon
trolagenciesinemphasizingabatementofthesourcesof
thismosquito

Inadditiontotechnicalproblemstherearealsoad
ministrativeproblemstobemetparticularlyasrelated
tostatelocalrelationshipsAsmostofyouinCalifornia
arewellawareourStateHealthDepartmentissolidly
insupportoflocalresponsibilityandmaximumlocal
autonomyinmosquitocontrolInthepastseveralyears
considerablemutualunderstandinghasdevelopedbe
tweenourstaffandlocalmosquitocontrolagenciesand
therehavebeenseveralconcretedevelopmentsbene
ficialtomosquitocontrolOurDepartmentsVectorCon
trolAdvisoryCommitteeandtheCaliforniaMosquito
ControlAssociationhaverenderedinvaluableassistance

tousinanalyzingneedsandhelpingtodevelopplansfor
goingforwardinstatelocalrelationshipsonasoundand
firmbasisWeconcurinourviewpointswithrespectto
theneedforastrengthenedprograminmosquitomeas
urementoperationalinvestigationsandcontinuedstate
subventionCaliforniamosquitocontrolisassuredofthe
interestandsupportofthisDepartmenttowardobtain
ingtheseobjectives

InglimpsingattheConferenceprogramseveralitems
havecapturedmypersonalinterestandIshallclosewith
briefmentionofthese

InlookingovertheprogramforthisConferenceIam
mostimpressedatthevarietyandlatitudeofthesub
jectstobediscussedIindeedregretthatothercommit

2

mentsmakeitimpossibleformetobewithyouthrough
outtheConference

ApproximatelytwoyearsagoIhadtheopportunityto
visitIndiaandseethetremendoussignificancewhich
mosquitoesbeartothehealthofthepeopleandtheeco
nomicdevelopmentofthatfascinatingcountryIshould
particularlyliketohearMrKnipeandMrJohnsonre
latewhatishappeninginIndia
IshouldalsoverymuchliketolistentoMrHender

sonspaperonTrendsApparentinVectorControl
Asapioneeringstateinthisfieldwearemostinterested
ingettingnewideasandviewpointsandintestingour
approachagainsttheexperiencesofothers

Thesignificantstrideswhichourfriendlyrivalstate
ofFloridahasmadewithinitsmosquitoabatementpro
gramIwishtoacknowledgeandcommendThefarsight
ednesswhichisevidentthroughprovisionofcontinuing
fundsforresearchonmosquitoeswithintheprogram
administeredbytheFloridaStateBoardofHealthand
thedirectemphasisonabatementtypemosquitocontrol
measuresasastatesubsidyrequirementarebothdeserv
ingofrecognitionandpraiseIshallbelisteningcare
fullylateronthismorningwhenMrMulrennanreveals
hisexclusivesecretsastohowthesefinedevelopments
werebroughtintobeing

InconclusioninkeepingwiththethemeoftheCon
ferenceitismyprivilegeanddistinctpleasureto
publiclyexpressthegratitudeofourBoardofHealth
andtheentireDepartmenttoHaroldFarnsworthGray
forhisexceptionalservicetomosquitocontrolandthe
manyotheraspectsofpublichealthuponwhichhisad
vicethesemanyyearshasbeensoughtandsowillingly
givenHaroldGraythishonortoyouisjustlydeserved
andwarmlyendorsedMayyourretirementbearichex
periencefilledtothebrimwithactivitieswhichhave
beenpostposedforjustthisoccasion
IhopethiswillbeanenjoyableandprofitableConfer

enceforallofyou

MrGrantThankyouDrMerrillfortheexcellent
papergivingthescopeofworkandtherelationshipsper
tainingtheretoIwillcallatthistimeonCharlesSenn
EngineeringDirectorDivisionofSanitationLosAnge
lesCityHealthDepartment

MrSennMrChairmanandmembersoftheconfer
enceIhavethehonorofexpressingthewelcomeand
thesymbolickeytothecityforourMayorNorrisPoul
sonwhobecauseofothercommitmentscouldntbehere
todothesehonorshimselfIwouldlikealsotosaythat
DrUhlourCityHealthOfficerextendshiswishesfor
asuccessfulandinformativeconference

Itcertainlyisfinetobeherewhenwerealizethat
thisconferenceisdedicatedtoourgoodfriendHarold
Grayandwecertainlywouldliketoexpressourappre
ciationforthewayinwhichyouaredoinghimhonor
Icouldmakementionofanumberofaspectsof

mosquitocontrolbutIthinkIwouldliketoconfinemy
fewremarksheretodaynottothediseaseaspectswhich
weallrealizearesoimportantbuttosomeofthepest
controlaspectsofmbsquitocontrol

Ifyouhavereadthenewspapershererecentlyyou
havereadaboutourcontroversialstatueonthenewpolice
buildingItiscalledtheFacelessStatueThemanwho
isperhapsthemostleadingcriticofthismodernartis
councilmanHaroldHarveyHeisaveryenergeticman
whodevotes24hoursadaytothebusinessofkeepinghis
constituentshappySomeyearsagoCouncilmanHarvey



calledmeaftermidnightandsaidSenntheyareget
tingmeupallnightImightaswellgetyouupHow
aboutcomingrightoutherebyLoyolaUniversitySo
Iwentoutthereandfoundthesourceofhistroublewas
aprettyheavyinvasionofmosquitoesBymorningIhad
foundmyselfoverlookingtheHughesAircraftPlantIn
lookingoverthisareaIsawafewpondsdownthere
thatmighthavebeenthesourceofthemosquitoesI
wenttothegatetheyaskedwhoIwasandwhatIwant
edOhyouwillhavetowaitfortheCaptainofthe
Guardwhowillarriveatabout900inthemorning
Iwasthereabout5oclockinthemorning

SofinallyhesaidWhatareyouherefor andIsaid

MosquitoesHesaidOhthosedivebomberscome
rightin

Theywereworkingonaverysecretprojectbutthey
droppedalleffortstokeepmefromseeingtheplant
whentheytookmeintoshowmearoundTheynotonly
showedmewhatIwantedtoseebutalmosttheirinner
secrets

ThesepondswererathersmallandIsuggestedthere
beingnoDDTtheapplicationofalittleoilSoonthey
wereputtinga50gallondrumofoiloneachpondI
thensuggestedthatmaybethepondscouldbeeliminated
entirelyByafternoontheyhadgottenbulldozersinfrom
someplaceandwereeliminatingtheseponds
Ithoughtthislittlestoryillustratedtwothings 1

thatmosquitoesaspestsareimportantTheywereac
tuallyinterferingwithproductioninthisplantand2
wedontalwayshavetodotheentirejobforpeopleIf
wetellthemwhattodotheyoftenaremorethan
anxioustodoitthemselvesIthinkthatisoneofthe
lessonswecarryfromourpublichealthsanitationpro
gramsintoourmosquitocontrolprograms
Ithinkthereisnophaseofourworkmoregratifying

thandoingthingsforothersorpreferablyshowingothers
howtheycandothingsforthemselves
Iwonderifthereisanybodywhoisntbotheredby

beingbittenbymosquitoesIwonderedsomeyearsago
whenIwasworkingfortheUnitedStatesIndianService
layingoutsomehighwaysupinnorthernWisconsinIt
wasoneofthosemuggydamphumidsummerswhen
itwasalmostimpossibletodoajobofnoteinkeeping
onlookingthroughaninstrumentwithouthavinga
smudgepotnearbysmokingsomuchyoucouldhardly
seeyoursightsthroughthesmokeandthecrewwasen
tirelyanIndiancrewPeriodicallyourlinesinthisvirgin
forestwouldcrossahighwayTouristswouldseethe
IndiansandeverylittlewhileatouristwouldsayWell
IsupposeyouIndianscanstayouthereinthemosquitoes
becauseweunderstandthatmosquitoesdontbiteIn
diansTheIndianswouldsolemnysayYesyouare
rightAssoonasthetouristlefttheywouldstartlaugh
ingandslappingthemselvesontheirlegssayingWhat
madethesecrazytouriststhinkmosquitoesdidntbite
Indians

Wellwehopethatyourvisithereisnotonlyenlight
eningbutalsoentertainingWeknowthatsomeofyou
whohaventbeenherebeforewouldliketoseesome

SmogWehopeyouwontseeitwhileyouarehereWe
dontIikethestuff

Wewishwecouldarrangeforeachandeveryoneof
youtoseeMarilynMonroeonlocationbuttheyareget
tingalittlebittoughaboutlettingpeopleintothestudios
toseetheshootingButwedoknowthatwiththeexcel
lentcommitteeyouhaveherethefinearrangementsthat
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havebeenmadeandtheexcellentprogramherethat
yourstayinLosAngelesshouldbemostenjoyableand
profitable

THEDEVELOPMENTOFMOSQUITOCONTROL
PROGRAMSINTHESTATEOFOREGON

MILTONHBUEHLERDirector
LaneCountyMosquitoControlProgram

EugeneOregon
Mosquitoeshavebeenrecognizedasanannoyingprob

lemthroughouttherivervalleysandinthehighmoun
tainareasoftheStateofOregonsincethetimeofour
earliestsettlersThemostseriousproblemsdeveloped
alongthelowerColumbiaRiverValleyduringthe
monthsofMayandJunewhentheColumbiaRiverwas
atfloodstageAsearlyas1924studiesweremadetodeter
mineifanythingcouldbedonetoalleviatethisserious
mosquitonuisancehoweveritwasnotuntil1934that
controlmeasuresofanysignificantproportionsweretaken
In1934anallotmentofCivilWorksAdministrationfunds
wasusedtostartamosquitoabatementprograminthe
PortlandareaThisprogramhasbeencontinuedwith
localandcountyfundsandisinoperationatthepresent
timeForyearstheremainingportionofthestatere
mainedmoreorlessoblivioustothepresenceofmosqui
toesinspiteofthefactthatmalariawasquitecommon
intheupperWillametteValleyduringtheearlydaysand
continuedtobeofPublicHealthsignificanceuntilaslate
as1942

Generallyspeakingthemosquitoproblemsinthe
StateofOregoncanbedividedintofivemaingroups

1FLOODWATERMOSQUITOESAedesvexans
andAedessticticusaremostnumerousandannoy
inginareasadjacenttolandsinundatedbyflood
watersofthelowerColumbiaandWillametterivers

2SALTMARSHMOSQUITOESAedesdorsalisis
mostannoyingalongthecoastalregionsofthe
stateparticularlyinareasadjacenttolowlandscov
eredbyhightidesandatthemouthsofcoastal
streamsandrivers

3LOGPONDMOSQUITOESInthecentralval
leyareabetweentheCascadeandCoastRange
mountainsCulextarsalisCulexpipiensCulexstig
matosomaandCulisetaincidensarethemostcom
monspeciesfoundinlogponds

4IRRIGATIONMOSQUITOES Aedesdorsalis

andCulextarsalisarethemostabundantspecies
foundintheirrigatedregionsofcentralandeastern
Oregon

5SNOWWATERMOSQUITOESVariousspecies
ofAedesarefoundthroughoutthehighermoun
tainareasoftheStateSomeofthemarevicious

bitersandcreateaseriousmosquitoproblemin
heavilyusedrecreationareas

FollowingWorldWarIIseveralsignificantdevelop
mentsoccurredwithrespecttomosquitocontrolinthe
StateofOregonFirsttherehasbeenanincreaseinthe
mosquitopopulationduetoatheconstructionof
manysmalllogpondsvaryinginsizefromonetenthacre
toonehundredacresbtherehasbeenanincreasein
thenumberofacresofagriculturallandsplacedunder
irrigationandintheconstructionoflowdamsforthe
storageofirrigationwaterforfarmusecdrainage
problemshavebeencreatedbytherapiddevelopmentof
suburbanareasonlandshavingahighwatertableSec
ondthepopulationofOregonhasincreasedapproxi
mately40duringthisperiodManyoftheimmigrants



toOregonhavecomefromareashavingmosquitocon
trolandhaveconsequentlyvoicedanopiniononthe
importanceofmosquitoesandtheircontrolOthersob
servedmosquitoandflycontrolmeasureswhileinthe
armedservicesandcouldseenogoodreasonfornothav
ingsomecontroloftheseannoyingpestsathomeAs
populationsincreasedinmanyareasademandformore
publicservicesgrewoneofwhichwasaninsectabate
mentprogramThirdtherehasbeenachangeinthe
thinkingofmanypublichealthworkersintheStateof
Oregonwithrespecttomosquitoesandmosquitocon
trolSomepublichealthworkersbecameconcernedwith
thepossibilityofhavingoutbreaksofmalariaAnopheles
freeborniavectorofmalariaispresentingreatnum
bersincertainsectionsofthestateAlthoughtherehave
beenfewactivecasesofmalariareportedintheState
duringthepasttenyearspastexperiencehasshownthat
allofthefactorsnecessaryformalariaanditsgrowthare
presentThehumancarriersorreservoirsforthedisease
arepresentinreturningveteransandinrecentimmigrants
frommalariaareasThereforeaslongastheAnopheles
mosquitoispresentthemalariapotentialremainsThe
factthatencephalitishasreachedepidemicproportions
inourneighboringstateofCaliforniawithinthepast
fewyearshascausedconsiderablealarmamongpublic
healthworkersinareaswhereCulextarsalisthemosquito
vectorofthediseaseiscommonlyfoundThiswaspar
ticularlytrueinareaswhichhaveanincreasednumber
oflogpondsclosetopopulationcentersthereasonbeing
thatCulextarsalisbreedsprofuselyinlogpondsInaddi
tionmostpublichealthworkersnowbelievethatfreedom
fromdiseaseisnolongerenoughandthatthecitizensof
thecommunitiesshouldalsobefreeofphysicaldiscom
fortsandannoyancesThusallmosquitoeswhethera
vectorornonvectorofdiseasethatbitemanarenow
classifiedasbeingofpublichealthsignificance

Asaresultofthisincreasedinterestinmosquitoesand
theneedformosquitocontrolseveralmosquitocontrol
programshavebeenstartedinvarioussectionsofthe
StateIn1948ClackamasCountycontractedwiththe
CityofPortlandformosquitocontrolservicesanda
smallprogramwasalsostartedinthevicinityofThe
DallesIn1950aprogramwasstartedinUmatillaCoun
tyIn1954acooperativeprogrambetweenthelumber
milloperatorsandtheCountyHealthDepartmentwas
startedinDouglasCountyatthesametimethreecities
inLinnCountystartedcitymosquitocontrolprograms
During1953mosquitocontrolprogramswerestartedin
LaneCoosColumbiaandHarneyCountiesDuringthe
pastseason1954aprogramwasstartedinMarion
Countyandanunsuccessfulattemptwasmadetostart
aprograminJacksonCounty

Eachoftheaboveprogramsvaryinsizescopeeffi
ciencyandeffectivenessdependentuponthemosquito
problemsinvolvedavailabilityoffundsnumberandde
greeoftrainedpersonnelaswellascommunityaccept
anceoftheindividualprogramAbriefdescriptionof
severaloftheseprogramscanbestdescribetheoverall
developmentofmosquitocontrolprogramsintheState
ofOregon

CITYOFPORTLANDTheCityofPortlandhasthe
oldestandlargestmosquitoabatementprograminthe
StateItprovidesmosquitocontrolfortheCityofPort
landMultnomahCountyClackamasCountyandsev
eralcountiesacrosstheColumbiaRiverintheStateof
WashingtonAllservicestoareasoutsidetheCityof
PortlandaredoneonanannualcontractualbasisThe
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greatestsourceofmosquitonuisancecomesfromthe
floodedareasalongtheColumbiaandWillametteRivers
duringfloodstateinMayandJuneHoweverirrigated
fieldsfreshwatersloughspondsandstreamsroadside
ditchesandartificialcontainersarealsoveryimportant
mosquitosourcesInthepastmostofthecontrolactiv
itieswereconfinedtoaerialsprayingandfogginghow
everduringthepastseasonbetterresultswereobtained
byincreasinggroundactivitiesinbothlarvalandadult
controlTheprogramisundertheadministrationofthe
PortlandHealthDepartmenthasafulltimetraineddi
rectorandistaxsupportedThe1954budgetincluding
feesforcontractedserviceswas6400000

LANECOUNTYLaneCountyestablishedacounty
widemosquitocontrolprogramin1953Themosquito
controlproblemsoftheLaneCountyarequitetypical
ofthosefoundinmostsectionsoftheStateLogponds
varyinginsizefromonetenthacretoseventyacresare
thegreatestsinglesourceofmosquitoesLaneCounty
hasoverninetysuchpondswithatotalareaofmorethan
530acresUnlikeotherbodiesofwaterofsimilarsize
thelogpondproducesmosquitolarvaeovertheentire
areaofthepondregardlessofthedepthofthepondand
absenceofprotectivevegetationThesuspendedanddis
solvedorganicmatterinthepondsseemstocreatean
idealmediainwhichtorearmosquitoesAsmanyas
400larvaeperdiphavebeencollectedfromlogponds
100perdiparequitecommonDuetothelocationofthe
pondswithrespecttosawmillsloadingdocksandother
plantfacilitiesaccesstothepondsisoftenlimitedtoone
sideortooneendItwasthereforenecessaryinLane
Countytodesignspecialsprayingequipmentcapableof
treatingallpondsregardlessofsizefromonesideThe
commonpracticeofcolddeckingorstackinglogsinthe
centerofthepondsinoneormoretierstoheightsoffifty
orsixtyfeetfurthercomplicatestheproblemoftreating
themInadditiontotheselogpondsroadsideditches
sloughsirrigatedpasturelandscatchbasinsfaultyseptic
tanksandotherartificialcontainersarealsoresponsible
foralargemosquitopopulationMosquitocontrolactiv
itiesinLaneCountyaredividedintothreecomponents
larvalcontroladultcontrolandsourcereductionby
drainageAllknownmosquitosourcesareroutinely
sprayedforlarvalcontrolAdultcontrolisprovidedby
routinelyfogginganareaofapproximately136000acres
everyeightdayswithafogmachineThefogmachine
wasalsobuiltbyLaneCountyAdultcontrolinhigh
mountainrecreationareashasbeencarriedoutonalim

itedscaleduetotheheavyuseoftheseareasbylocal
citizensaswellastravelingvisitorsTheprogramisun
dertheadrninistratonoftheLaneCountyHealthDe
partmenthasafulltimetraineddirectorandistaxsup
portedLaneCountyspentatotalof2250000onmos
quitocontrolduringthe1954season

DOUGLASCOUNTYTheDouglasCountyprogram
wasstartedin1951asacooperativeprogrambetweenthe
sawmilloperatorsandtheDouglasCountyHealthDe
partmentThemilloperatorsfurnishedthemoneytobuy
larvicidalchemicalsandthehealthdepartmentbor
rowedsomeequipmentandfurnishedthelaborneeded
toapplythelarvicideThelaborwasfurnishedatnoad
ditionalcostbymerelyincreasingthedutiesofanalready
overworkedstaffofsanitariansInspiteofitsmeager
beginningtheprogramhasmadeconsiderableprogress
Activitiesnowincludelarvalcontrolsomeadultcontrol
andsomesourcereductionAnadditionalsanitarianhas
nowbeenemployedtoworkfulltimeonmosquitocon



trolduringthemainmosquitoseasonduringthewinter
monthsheworksonotherhealthdepartmentactivities
Inadditionconsiderablegroundequipmenthasbeen
purchasedTheprogramisundertheadministrationof
theDouglasCountyHealthDepartmentThebudgetfor
1954was510000ofwhich172500wasassessed
againstthemilloperatorsattherateof500perlog
pondacre50000wascontributedbytheCityofRose
burgandthebalanceof287500wastakenfromthe
countygeneralfund

COOSCOUNTYDuring1953theCoosCounty
HealthDepartmentaddedamosquitocontrolprogram
toanexistingrodentcontrolprogramthuscreatinga
generalvectorcontrolprogramAfulltimesanitarianis
employedtocarryonvectorcontrolactivitiesAlthough
presentpersonnelweretrainedforrodentcontrolthey
havebeenabletogetsomegoodresultsinmosquitocon
trolTheprogramwasallowedapproximately120000
forthepurchaseofequipmentThe1954budgetfor
vectorcontrolinCoosCountywas450000Theprogram
istaxsupportedandisafunctionalpartofthehealth
department

UMATILLACOUNTYAmosquitocontrolprogram
wasstartedinUmatillaCountyinabout1950asaHealth
Departmentactivityinanefforttocontrollargepopula
tionsofmosquitoescomingfromirrigatedpasturelands
Changesinpersonnelpoorprogramplanninginadequate
financingfailuretodevelopcommunitysupportand
lackofproperlytrainedpersonnelallcontributedtothe
inadequacyoftheprogramAfterseveralyearsofhalf
heartedattemptsatlarvalcontroltheprogramwasaban
donedin1953

CITYPROGRAMSEachyearattheheightofthe
mosquitoseasonorimmediatelyfollowingnewspaperac
countsofmosquitobornediseaseepidemicsseveralsmall
townsorcitiesstartamosquitocontrolprogramMost
oftheseprogramsarefinancedbypopularsubscription
howeverthereareafewcitiesthatbudgetannuallyfor
somemosquitocontrolIngeneralthecitytypeprogram
consistsofhiringacommercialcropdustertospraythe
cityandimmediateenvironmentwithaDDToilsolu
tonOnearetwoapplicationsmaybemadeduringthe
heightofthemosquitoseasondependinguponwhether
ornotgoodresultswereobtainedbythefirsttreatment
andwhetherornotthereisenoughmoneylefttospray
thetownagainThefollowingtableliststhecitypro
gramsbyCountygivingtheyeartheprogramwas
startedtheamountoffundsbudgetedfor1954andthe
effectivenessoftheprogram

MARION

WASCO

CityMosquitoControlProgramsintheState
ofOregonin1954

CountyandCity

BAKER

COLUMBIA
CROOK
HARVEY

LINN

Baker

StHelens
Prineville

BurnsHines
Albany
Lebanon
Sweethome
Salem

TheDalles

Yearstarted1954budgetEffectof
Program

1954 30000 Fair
1953 50000 Poor

1954 50000 Good

1953439000 Poor

1951 200000 Poor
1951 50000 Fair
1951 50000 Fair

1954400000 Poor
1948 50000 Fair

SomefundscontributedbyWascoCounty
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ThusitbecomesapparentthatprogramsintheState
ofOregoncanbeclassifiedintothreegroupsInthefirst
grouptherearetwoprogramsthathavesufficientfunds
andtrainedpersonneltoprovideeffectivemosquitocon
trolefficientlyandeconomicallyinlargedenselypopu
latedareasThereareperhapsthreeorfourprograms
whichcanbeplacedinthesecondgroupthatisthey
havepersonnelwithsometrainingbutusuallyinsuffi
cientfundstoprovidegoodmosquitocontrolTheynev
erthelessstillprovideaprettygoodmosquitocontrol
programinlimitedareasorpartialcontrolinlarger
areasTheremainingprogramsfallinathirdgroup
whichinmostcasesisunsatisfactoryTheseprograms
areunorganizeduneconomicalandineffectiveThey
areusuallyunderthedirectionofsomeonewhoseknowl
edgeofmosquitoesislimitedtothefactthattheybite
theyareoftenpoorlyfinancedandfundsthatareex
pendedareoftenspentunwisely

Oneofthegreatesthandicapsinthedevelopmentof
mosquitocontrolprogramsintheStateofOregonhas
beenalackoftrainedpersonnelTheStateBoardof
Healthduetolackoffundshasnotyetbeenabletopro
videadvisoryassistanceforlocalprogramsTrainedper
sonnelarenotyetavailabletoadviseandtrainCityor
Countyemployeesinmodernmosquitocontrolmethods
Statelawsdealingwithvectorcontrolandvectorcontrol
programsleavemuchtobedesiredwithrespecttothe
establishmentandorganizationofvectorcontrolpro
gramsaswellaswaysandmeansoffinancingsuchpro
gramsTherehasalsobeenreluctanceonthepartof
countyandcityofficialstosupportvectorcontrolpro
gramsbyprovidingadequatefundsinsistinguponqual
ifiedpersonnelordelegatingadministrativeauthorityto
onepersonoroneagency

Manyofthoseengagedinmosquitocontrolworkfeel
thatthefutureofvectorcontrolintheStateofOregon
isbrightThereareseveralgoodmosquitocontrolpro
gramsunderwaywhicharebeingwatchedverycarefully
andwithconsiderableinterestbypeoplelivinginareas
nothavingmosquitocontrolAstheprogramshavedevel
opedthroughoutthestategraduallymoreandmorepeo
plehavebeengettingactualfieldexperienceinmosquito
controlWeareintheprocessofsettingupastatewide
mosquitocontrolassociationtofacilitatetheexchangeof
ideasandtechniquesamongthoseemployedinmosquito
controlOurfirstmeetingwasheldinPortlandonDecem
ber151954Therewereover20peopleengagedinmos
quitocontrolwhoattendedandcontributedtothismeet
ingActuallywearejustgettingstartedinthefieldof
mosquitocontrolintheStateofOregonWehavealong
waytogobutwearemakingprogress

Summary
MosquitocontrolwasfirststartedintheStateofOre

gonin1934howeverfewmosquitocontrolprograms
receivedgeneralpublicsupportuntilabout1951The
greatesthandicapsinthedevelopmentofmosquitocon
trolprogramshavebeen1lackoftrainedpersonnel
2inadequatestatelawsdealingwithvectorcontroland
vectorcontrolprograms3reluctanceonthepartof
localgovernmentalofficialstosupportvectorcontrol
programsprovideadequatefundsforsuchprogramsorto
insistuponhavingqualifiedpersonnelinchargeofsuch
programsInspiteoftheabovehandicapsconsiderable
progresshasbeenmadeduringthepastfewyearsinthe
fieldofmosquitocontrolSince1951therehasbeenan
increasedinterestinmosquitocontrolinmanysectionsof
thestateIn1954therewerefiveactivecountyprograms
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andtencityprogramshavingtotalbudgetsinexcessof
10679000Allofthemajormosquitocontrolprograms
andafewofthecityprogramsareundertheadminis
trativejurisdictionoflocalcountyorcityhealthdepart
mentsTwomosquitocontrolprogramsinthestatehave
fulltimedirectorsthebalancehavelittleornoorganized
ortechnicaldirectionManyofthoseengagedinmos
quitocontrolworkfeelthatthefutureofvectorcontrol
intheStateofOregonisbrightAstatewidemosquito
controlassociationisbeingformedtofacilitatetheex
changeofideasandtechnicalinformationThefirststate
widemeetingwasheldinDecember1954twentypeople
engagedinmosquitocontrolwereinattendanceWein
theStateofOregonarerelativelynewinthefieldof
mosquitocontrolwhavealongwaytogohowever
progressisbeingmade

DrReesMrPresidentLadiesandGentlemenFirst
Iwouldliketoextendgreetingsandbestwishestoallof
youfromthemosquitoabatementworkersoftheRocky
MountainRegionandespeciallytoHaroldGrayforthe
workthathehasdoneinmosquitocontrolandtheassist
ancethathehasgivenusHeiswellknownbythenu
meroustripsthathehastakenintoourregionandwe
appreciatetheexcellentworkhehasdone

SecondlyIwouldliketoextendtoallofyouaninvi

tationtoattendtheUtahMosquitoAbatementAssocia
tionmeetingwhichwillbeheldonMarch18and19at
FarmingtonUtahFarmingtonisjustafewmilesoutside
ofSaltLakeCityYouwillfindaccommodationsinSalt
LakeCityandwewillprovidetransportationtoand
fromthemeetings

RECENTADVANCESINMOSQUITOCONTROL
INTHEROCKYMOUNTAINREGION

by

DONMREESRegionalDirector
SaltLakeCityUtah

TheRockyMountainRegionoftheAmericanMos
quitoControlAssociationIncnowincludesthefollow
ingninestatesColoradoKansasMontanaNebraska
NewMexicoNorthDakotaSouthDakotaUtahand
WyomingInanattempttodeterminetheextentofmos
quitoabatementoperationsinthesestatesduringthe
pastyearquestionnairesweremailedtotheprincipal
healthofficersandotherindividualsknowntobeinter

estedinmosquitocontrolworkineachofthesestates
Theresponsetothesequestionnaireswaspromptand
practicallyallofthemwerecompletedandreturned

Anoutstandingconclusionthatcanbedrawnfromthe
informationcontainedinthesequestionnairesisthatin
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MOSQUITOABATEMENTOPERATIONSOFAMCAINTHEROCKYMOUNTAINREGION
1954

State

Colorado
Kansas
Montana
Nebraska
NewMexico
NorthDakota
SouthDakota
Utah
Wyoming

StateEnabling
Legislation Passed

no

no

yes 1953
no

no

no

no

yes 1923
no

Organized
Districts

none
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someofthestatessuchasColoradothereareconsider
abledifferencesinopinionsconcerningtheextentofmos
quitoabatementoperationsinthestateandtheamount
ofmoneyexpendedforthispurposeInotherstatesitwas
surprisingtolearnhowextensivemosquitoabatement
operationsarealthoughnoenablinglegislationhasbeen
passedinthestatetoprovidefortheorganizationand
operationofmosquitoabatementdistricts

Inpreparingtheinformationcontainedinthisreport
Ihaverecordedtheresultsobtainedfromthesequestion
nairesWheretherehavebeendifferencesinthereplies
fromindividualsinthesamestateanattempthasbeen
madetoselecttheinformationwhichseemstobemore
fullysubstantiatedbythedatapresented

Inconsideringthedatacontainedintheabovetable
itshouldberememberedthatwhiletheRockyMountain
Regionisperhapsgeographicallythelargestitprobably
isleastinpopulationperacreascomparedtotheother
regionsintheUnitedStatesItisobviousthatthereisa
greatneedforthedevelopmentofmosquitoabatement
operationsinmostofthestatesinthisregionasUtah
spentin1954almostthreetimesasmuchformosquito
abatementastheothereightstatescombinedUtahs
mosquitocontrolproblemsarecertainlynotthatmuch
greaterthantheotherstatesintheregion

Itisencouragingtonotethatallofthestatesinthe
regiondidsomeabatementworkin1954andIamcon
fidentthisworkwillbeextendedin1955Thiswillbethe

caseespeciallywheretheresultshavebeenmosteffective
becauseoftheemploymentoftrainedpersonnel

Anoutstandingcontributiontomosquitoabatement
workintheRockyMountainRegionistheresearch
ingconductedinUtahbytheLoganFieldStationSec
tionTechnologyBranchCDCofthePublicHealth
ServiceThisFieldStationnowunderthedirectionof
DrArchieDHesswasestablishedinJanuary1954
AccordingtoinformationobtainedfromLeslieDBeadle
isconcernedwiththreemaintypesofresearchactivities
viz1studiesonarthropodsofpublichealthimportance
associatedwithwaterutilization2arthropodborne
encephaltisstudiesand3plagueinvestigations

During1954researchandinvestigationsonmosquitoes
andencephalitiswerecarriedoninthefollowinglocal
itiesoftheRockyMountainRegionLoganandWeber
BasinUtahHotSpringsSouthDakotaandChinook
MontanarelatedactivitiesarebeingconductedatField
StationsinTexasandCalifornia
IntheLoganareaemphasiswasgiventobionomical

CityorLocal
CountyControlControlOr

Agencies ganizations
none

a

2
none

1

none

none

none

none

5I

8

5
none

51
14

7

8

Total

Expended
Estimate

1954

250000
2500000
400000
400000
250000
2500000
400000

20000000
250000

26950000

studiesonmosquitoesespeciallyCulextarsalisThesein
cludedpopulationstudiesbitingstudiesseasonalactiv
ityofCtarsalisanddevelopmentofimprovedsampling
techniquesformosquitoes

Duringthesummer47shipmentsofover16000mos
quitoeschieflyCtarsalisweresenttotheRockyMoun
tainLaboratoryNIHHamiltonMontanaforencepha
litisvirusrecoverytestsThespecimenswerecollected
fromvariousirrigatedareasinUtahMontanaand
Idaho

Entomologicalengineeringstudieswerecarriedoutat
theMilkRiverIrrigationprojectinMontanatheAngos
turaIrrigationprojectinSouthDakotaandtheWeber
BasinprojectinUtahTheobjectivesoftheseinvestiga
tionsare1todeveloppracticablemeasuresforpreven
tionandcontrolofmosquitoproblemsassociatedwith
irrigationand2todevelopcooperativeworkingrela
tionshipswithFederalStateandlocalagenciesforsolv
ingvectorproblemsassociatedwithnewandestablished
projects

AnothertypeofactivitycarriedonbytheLogansta
tioninvolvesacriticalreviewofprojectreportsbyFed
eralagenciestointegratevectorcontrolwithotherinter
estsonmultipurposewaterutilizationprojectsDuringthe
yearreportsontenprojectslocatedwithintheRocky
MountainRegionwerereviewedandvectorcontrolrec
ommendationssubmittedtoUSArmyCorpsofEngi
neersUSBureauofReclamationandUSFishand
WildlifeService

Theworkinprogressandthecooperationandassist
ancesreceivedfromthepersonnelatthisfieldstationare
greatlyappreciatedintheRockyMountainRegionThey
aremakinganoutstandingcontributiontomosquitocon
troloperationsinbasicresearchespeciallyasrelatedto
waterutilizationwhichisthemostimportantmosquito
controlproblemofstateswhereirrigationispracticed

AsmembersofAMCAwehopetomorefullyen
listthecontinuedservicesofthiscorpofworkersatthe
LoganFieldStationtodevelopmoreextensiveandeffec
tivemosquitocontrolactivitiesinallstatesintheRocky
MountainRegion

PresidentDorerofAMCAsetaquotaforthe
regionstoshootatduring1954FortheRockyMountain
Regionheaskedfor5newmemberswehaveobtained
overtwicethenumberAsrequestedbyPresidentDorer
wehaveencouragedthepromotionandtheorganization
ofmosquitoabatementworkintheregionAnoperational
articleisnowbeingpreparedforMosquitoNewsandwe





aretryingtoobtainanewadvertisingaccount
Wearepleasedwiththeprogresswehavemadeduring

thepastyearandarelookingforwardtoabetteryearin
1955

POLITICALANDSOCIALASPECTS

OFINSECTCONTROL

OTTOMCFEELEYPresident

BoardofTrusteesDesPlainesValleyMosquito
AbatementDistrictLyonsIllinois

BeingagedandgarrulousIwilltaketimetoreminisce
ThiswillbedonewithrestraintOnlytoillustrateafew
points

In1887whenIwas12yearsoldIwascompelledto
committomemoryandtospeakthespeechSpartacuswas
supposedtohavespokentostarttheslaverevoltinthe
firstcenturyBC

Theslavegladiatorspoke
Yecallmechiefandyedowelltocallhimchief

whofortwelvelongyearshasmetinthearenaevery
shapeofmanorbeastthebroadEmpireofRomecould
furnishRomehasbeenatendernursetomeShehas

taughtmetodrivethetemperedsteelthroughlinksof
ruggedbrassandtolookintotheeyesofthefierceNu
bianlionasaboyuponalaughinggirl
SoafteralltheyearsIhavebeenamemberofthis

learnedsocietyIhavebeenaskedtospeak
Notasachiefbutasthemosttorturedandscarred

survivorinthisorganizationintheneverendingwarbe
tweenmanandinsects

Inmychildhoodwelivedinamoreintimatemanner
withinsectsthancivilizedAmericansoftoday

Theresultwastyphoidfevertheshakesagueand
widespreaddebilityIhadtyphoidtheagueandsodid
mybrotherandsisterandmymother

Theprevailingopinionthenwasthatwewereafflicted
ofGodAllthefamilyexceptmyfatherwenttoour
devotionsregularlyButmyfatherwholivedtobe86
neverinhislifehadanycontagiousorinfectiousdisease
ThisperplexedthelittleboyIwasthenWhyshould
fathertheunfaithfulandunbelieverescapetheaffiction
ofGodwhenthedevoutsooftensuffered

Nowinthatcommunitythereisnoaguenoshakes
notyphoidRationalscienceworkedthecureEveryone
therenowincludingdoctorsofdivinityknowsthatthe
diseasesweretheworkoftheflyandthemosquitoand
thattyphoidresultswhenoneingestshumanexcrement

In1896IwenttoGuatemalawithasurveyingparty
andtoachievemalariaIescapedinskinandboneand
itseemstomethatthediseasehandicappedmeforyears

ItcametopassthenIwenttoliveinOakParkIllinois
andnearlytwentyfiveyearsaftertheCentralAmerican
plaguetherewasanothermosquitoplagueduetopollu
tionofstreamsTheywerereallyopensewers

Mythreeyearolddaughterwasvulnerableandsuf
feredgreatlyIreallywasenergizedandbeganacam
paigntodosomethingaboutit

Massmeetingswereheldtodenouncetheinsect
Thousandsofdollarsinvestedindecorationswerelost

whenbloodfedinsectswereswattedonthewalls

Iproposedthatvacuumcleanersbeusedandthatwas
agreatinvention

OnepowerfulpoliticianoftheCountystartedtowipe
outthemosquitoesHundredsofunemployedmenin
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trucksadvancedonthestreamswithbarrelsofoilthe
politiciansnamepaintedoneachbarrelIbelievehe
spent500000withoutanyeffectwhatever

YearspassedWesufferedIemployedentomologists
tomakeasurveyButnothinghappeneduntil1927when
thestatelegislatureadoptedalawauthorizingformation
ofabatementdistrictsOurswasamongthefirstandun
tillastyeartheonlyoneonthewestsideorsouthsideof
Chicago

ThelateDrFullerwellknowntomanypresentwas
largelyresponsibleforthenewlaw

FortunatelyweengagedJLyellClarkewhofor25
yearswasourengineerFortunatelyforthedistrictwe
hadadepressionandtheWPA

UndertheaggressiveleadershipofMrClarkewehad
thefreeservicesofunemployedengineersAttimeswe
hadathousandWPAlaborersTheyexcavatedabouta
thousandmilesofditchesmostlylateralsThatwenton
foreightyears

Sixhundredmilesofthedrainsareinthedistrictthe
remainderoutsidedesignedtoprotectourflanks

Uponorganizationofthedistrictin1927Iwasappoint
edatrusteeoneoffiveandhaveservedeversincewith
outpayasthelawrequirestrusteestoserveashonorary
officials

IncludingcosttothefederalgovernmentforWPA
workersandmoneywehavecollectedintaxeswehave
spentmorethanfourmilliondollarsintwentyseven
years

OakParklargestof26incorporatedtownsandvillages
with63000soulshaspaidanaverageof22000an
nuallythetotalfor27yearsbeinggreaterthanahalf
milliondollars

Allthisseemsexpensiveforwhatreallyisaluxuryas
theinsectsatpresentarenoseriousmenacetohealth
althoughtheyhavebeensuspectedofbeingvectorsof
polio

Itisaluxuryfor234000peopleThecostlastyearwas
42centspercapita

Ofeachonehundreddollarspaidinrealestateand
personalpropertytaxesourdistrictreceived52cents
Thatisaboutthecostoftwopackagesofcigarettesand
lessthanthecostofonecocktail

Wehavenomorethananoccasionalannoyancefrom
insectscomingintothedistrictLastyearourMrWray
andhisentomologistshadtogooutofthedistricttoget
larvaeforlaboratorypurposes

WehaveneverbeenharshlycriticizedYearshave
passedwithoutanycriticismatall

Lastsummerwereceived80mildcomplaintsSome
werechroniccomplainersandotherscomplainedofhoney
beesthatwerestingingchildren

Ourescapeisduetothefactthatourtaxissominute
inthetotaltaxsystemandalsowehavethemostpoliti
callyimmaturepeopleinAmerica
Iestimatethatnotonecitizenin500isawarethatwe

liveontaxesTheyconsiderourworkasasortofRed
CrossorBoyScoutproject

Only14voteswerecastinOakParkwithapopula
tionof63000inthereferendumtosetupthedistrict
andlevytaxesnowamountingtomorethanahalfmil
lionin27years

ThecostwillbelessthisyearFinallyoursouthern
flankistobeprotectedbyalargerdistrictDrCzarnet
skyPresidentofthenewdistrictandColBuchanan
wellknowntoyouwhoistodirecttheworkarepresent
here



Thenewboardiscomposedofcitizensbiasedinfavor
ofhonorableconductandcommittedtothescientificap
proachtotheirduty

Howlongithastakentoaccomplishwhatwehavein
thiscountryhealthlongevityandthemosthumanesoci
etyinhistoryextentandpopulationconsidered

Itisabithumiliatingtorealizethatweowemoreto
ItalianFrenchandEnglishscientistsforscientificmos
quitocontrolthantoourownpeopleThemosquitowas
suspectedbyItalianscholarsasearlyas1804

Butin1828FenimoreCooperwritingofyellowfever
inNewYorkCityreportedthatphysicianswerebaffled
Thediseasespreadwithoutanyevidenceofcontagionor
ordinaryinfectionTheyfinallydecidedthefeverwas
causedbymiasmataTheywerecorrectinonerespect
Itdidcomefromtheairviaflyinginsectsbutnoone
suspectedthemosquito

Itshouldbeobservedatthismomentthatoursuprem
acyinatomicandhydrogenweaponsisduemoretoItal
ianandGermanscientiststhantoourown

Atpresentgovernmentalagenciesarehoundingscien
tistsandpreventingexchangeoftheoriesandideaswith
foreignscholarsThatwayliesdisasterandIdohope
thosepresentwilltakeeveryopportunitytohaltsuch
measuresdesignedbyournativelunaticfringe
IamgreatlyindebtedtotheNewJerseyAssociation

andtothissocietyforaneducationthathasaidedmein
thedischargeofmypublicdutiesIurgealltrusteescom
missionersorotherofficialselectedorappointedtosuch
dutiestoattendthesesessionsIftheydonottheywill
neglecttheirpublicresponsibilities

Wehavemorethan600milesofditchesWecannot
cleanthemwithhandlaborWeknowofnomachine

suitableforthepurposeandthereisnoWPASoweare
attemptingtodesignamachinetocleanoursmalllaterals

MrCharlesFScheelonourboardfor23years
hasacceptedthedutyofexperimentingandstudyofthe
cleaningproblemIfanyonepresenttodayhasanyideas
orsuggestionsIurgethemtoseekoutMrScheelatonce

MOSQUITOCONTROLINTEXAS

RBEADS FRANKJVONZUBENJR
GEORGEATHOMPSON

ThemosquitofaunainTexasshowsawiderangeof
genericandspecificvariationasaresultofthediverse
ecologicalconditionsprovidedbytherainforestsofEast
TexasandaridwesternhalloftheStateandthenear
tropicalLowerRioGrandeValleyTheStateDepartment
ofHealthbulletinMosquitoesofTexaswhichhasbeen
recentlyrevisedlists71speciesexclusiveofsubspecies
asbeingpresentintheStateSeveralofthemarelimited
intheirUnitedStatesdistributiontotheLowerRio

GrandeValley
HistoricallymosquitocontrolinTexashasbeenap

pliedprincipallyinEastTexasandtheLowerRioGrande
ValleyasantimalarialmeasuresThesaltmarshmosquito
problemalongtheGulfCoasthasevokedthefatalistic
attitudeofwhatmustbemustbeHoweverwithinthe

1RBBadsPrincipalEntomologistBureauofLaboratories
TexasStateDepartmentofHealth

2FrankJVonZubenJrSeniorEngineerBureauofSanitary
EngineeringTexasStateDepartmentofHealth

3GeorgeAThompsonDirectorJeffersonCountyMosquito
Commission

lasttenyearsconditionshavebeenchangingrapidlyThe
declineinmalarialincidencetothepointofvirtualdis
appearancehaslessenedinterestinmosquitocontrolat
themunicipallevelinEastTexasThereisnowconsider
ableenthusiasmalongtheGulfCoastrelativetothepos
sibilityofcontrollingoursaltmarshmosquitoessincethe
JeffersonCountyMosquitoControlDistricthasdemon
stratedtheexcellentresultswhichcanbeobtainedbya
wellorganizedandefficientlyoperatedcountyprogram

Therehasrecentlybeenamarkedincreaseininterest
inmosquitocontrolinWestTexasasaresultofincreased
mosquitoannoyanceandtheoccurrenceofaconsiderable
numberofcasesofencephalitisinbothmanandhorses
Theincreasedincidenceofthearthropodborneenceph
alitismaybedueinparttoimproveddiagnosticacumen
ofthemedicalprofessioninthedifferentiationoftheneu
rotropicvirusdiseasesbutitundoubtedlyhasbeenaf
fectedbythetremendouspopulationincreaseandthe
spectacularexpansionofirrigationagricultureCertain
countiesintheSouthernHighPlainsofTexashavere
portedbetterthan100percentpopulationincreasessince
1940overthreemillionacresareunderirrigationinthe
areawiththewaterbeingobtainedlargelyfromdeep
wells

TheTexasStateDepartmentofHealthandtheLogan
FieldStationCommunicableDiseaseCenterPublic
HealthServiceinstitutedcooperativeencephalitisstudies
intheLubbockPlainviewareasubsequenttoanoutbreak
ofthediseaseinhorsesandhumanbeingsduringthesum
merof1952Severalhumancasesofwesternequineen
cephalitisreceivedlaboratoryconfirmationduring1953
inWestTexasDuringthesummerof1954serological
evidenceoftheoccurrenceofbothwesternequineen
cephalitisandStLouisencephalitishasbeenobtainedin
WestTexas

Theencaphalitisstudiesrevealedthatextensivebreed
ingofCulextarsalismosquitoesoccursinplayalakes
roadsideditchesandborrowpitsinthatsectionofthe
StateFurthercooperativestudieswillconsistinthephys
calmodificationoftheplayaswaterlevelmanagement
improvedirrigationpracticesandprefloodaswellas
postfloodlarvicidingtodeterminethemosteffectiveap
proachtocurtailingthepropagationofthevector

InlateAugust1954therewasanepidemicofen
cephalitisinHidalgoCountyduringwhichover500peo
plewerestrickenSerologicaltestsandrecoveryofthe
virusfromahumanbrainandpoolsofCulexquinque
fasciatusmosquitoesindicatedthatStLouisviruswas
probablytheetiologicalagentresponsiblefortheout
break

WththeableassistanceoftheEpidemicandDisaster
AidSectionoftheCommunicableDiseaseCenterPub
licHealthServiceanemergencycontrolprogramwas
promptlyorganizedandeffectivelyplacedinoperationon
acountywidebasisBothadulticidingandlarvicidingpro
cedureswerefollowedAsharpdeclineintheincidenceof
thediseasewasobservedfollowingthereductioninthe
adultmosquitopopulation

Animportantfacetoftheencephalitisproblemisthe
widespreadutilizationinTexasofoxidationpondsfor
secondarysewagetreatmentAlmost200citiesandtowns
utilizethismethodsinceitiseconomicaleffectiveand
allowstheeffluenttobeconservedforirrigationpurposes

Althougheconomicalinconstructioncoststheponds
areusuallyconstructedofearthenleveesandaresubject
toemergentvegetationhangingintothewateratthein
tersectionoftheleveeandthewaterlineThiscondition



providesmosquitolarvaeidealshelterandisresponsible
forconditionsthatareconducivetothedevelopmentof
CulextarsalisItisfairlysimpletoeliminatethevarious
typesofaquaticvegetationinthebodyofthepond
throughgoodinitialdesignpracticesAnextensivesurvey
ofoxidationpondsiscurrentlyunderwayintheStateand
mostofthepondshavebeenfoundtobebreedingCulex
tarsalisaswellasotherspeciesofmosquitoesThisposes
asomewhatdifficultproblemsincevegetationisneeded
tostabilizetheearthenbanksandpropermaintenance
involvingphysicallaborisdifficulttoobtainConsidera
tionisbeinggiventodevelopingseveraltypesofinvesti
gativeprojectswhichwillincludetheuseofherbicides
andpossiblephysicalmodificatonofthebankstoboth
stabilizethesoilandpreventtheoccurrenceofvegeta
tionatthewaterline

Restrictedmosquitoabatementlegislationwasfirst
enactedinTexasbythestatelegislatureMarch151949
ItprovidesfortheCommissionersCourtinallcounties
oftheStatewhichborderontheGulfofMexicotocall

anelectiontodetermineifthequalifiedvotersofsuch
countydesiretheestablishmentofamosquitocontrol
districttoembracealltheterritorywithinthecounty
ThelawfurtherprovidesthattheCountyJudgemust
bepetitionedbyaminimumof200qualifiedvotersinthe
countybeforetheelectioncanbescheduled

ThelegislationprovidesfortheCommissionersCourt
ineachcountyinwhichaMosquitoControlDistrictis
createdtoappointanAdvisoryCommissioncomposedof
5memberswhoshallbequalifiedpropertytaxpaying
votersofthecountyEachcommissioneroftheCom
missionersCourtandtheCountyJudgeappointsone
memberoftheAdvisoryCommissionMembersofthe
commissionservewithoutcompensationThechiefduties
oftheAdvisoryCommissionaretomakerecommenda
tionstotheCommissionersCourtasitdeemsnecessaryto
carryouttheprovisionsoftheactandasmaybeneeded
forthesuccessfuloperationoftheabatementprogram
TheCommissionersCourtisauthorizedtoappointamos
quitocontrolengineerorotherwellqualifiedspecialist
todirecttheoperationalactivitiesTheengineerisdirect
lyresponsibletotheCommissionersCourtforconducting
theprogram

ThelegislationprovidesfortheCommissionersCourt
tolevyataxnottoexceedfivecentsoneachonehundred
dollartaxvaluationtofinancetheabatementprogram
ThetaxesarecollectedbytheCountyTaxAssessorand
Collectorandaredepositedinaseparatefundtobeused
forthepurposesofcarryingouttheprovisionsofthisact
andfornootherpurpose

Sincetheenactmentofthislegislationin1949four
GulfCoastCountieshavevotedfavorablyontheestab
lishmentofMosquitoAbatementDistrictsTheyareJef
fersonGalvestonChambersandAransasCountiesJef
fersonCountyhashadanactiveoperationprogramsince
1949whileGalvestonCountyhasonlyrecentlyvoted
favorablyonestablishingadistrictBothAransasand
ChambersCountiesvotedfavorablyontheestablish
mentofabatementdistrictsshortlyafterthelegislation
wasenactedhoweversincethetaxevaluationislow
inthesecountiesthereareinsufficientfinancestooperate
effectiveprogramsAransasCountyhaspurchasedan
airplaneandoccasionallyhiresapilottotreattheareas
surroundingthepopulationconcentrationcenterswhen
annoyancefromAedessollicitansbecomestoosevere

Keeninterestincontrollingmosquitoescontinuestobe
manifestedbythegeneralpublicanditisanticipated
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thatothercurrentlyeligiblecountieswillestablishcontrol
programsinthenearfuture

AtthepresenttimetheTexasStateDepartmentof
Healthisunabletosupplydirectmonetarysupporttothe
mosquitoabatementdistrictsHoweverstatefundsare
beingexpendedonabatementactivitiesthroughthecity
andcountyhealthdepartmentswhichderivefinancial
supportfromtheStateHealthDepartmentMosquito
controlworkinTexascurrentlyisforthemostpartin
thehandsofmunicipalauthoritiesMostcitiesandtowns
operatesometypeofmosquitocontrolprogramconfined
almostentrielywithintheirrespectivecorporatelimits

TheStateofTexasiscurrentlyinneedofmoreade
quateenablinglegislationtocontrolmosquitoesandother
insectvectorsProposedrevisionsintheexistinglawthat
willbeconsideredduringthecurrentsessionofthe
StateLegislaturewillprovideforthecontrolofany
arthropodofpublichealthorsignificantnuisancevalue
makeprovisionsforadequatefinancingpermitany
countyintheStatetodevelopacountymosquitocontrol
districtandmanyotherdesirablefeaturesSinceacon
stitutionamendmentwillberequireditwilltakeamin
imumoftwoyearsbeforethenewlegislationwillbe
availabletotheLocalgovernmentalagencies

Stateentomologicalandengineeringspecialistsinmos
quitocontrolareavailabletoassisteligiblecountiesin
organizingandoperatingcontroldistrictsTheState
HealthDepartmentmaintainsaDivisionofVectorCon
trollargelydevotedtocontrolactivitiesandaMedical
EntomologyDivisionoccupiedchieflywithresearchon
arthropodbornediseases

MOSQUITOCONTROLINOHIO
PROGRESSREPORT

BRUCEBROCKWAYJRAdministrator
ToledoAreaSanitaryDistrictToledoOhio

BeforeIleftmyofficeIreceivedatelegramwhich
readMayyouhaveassuccessfulavisitasIhadand
givemysincereregardstoalltheCalifornianssigned
WoodyHays

WhenDickPetersaskedmetogiveaprogressreport
onmosquitocontrolintheStateofOhioIhesitateda
longtimebecausetheToledoAreaSanitaryDistrictisthe
onlygovernmentalagencyinthestateinterestedinthis
typeofworkandwhichusesvirtuallyalltypesofcontrol
measures

NumerouscitiessuchasClevelandDaytonandCo
lumbususefogmachinesforadulticidingoperations
whenmosquitoesbecomeanunbearablenuisanceMy
sourceofinformationtellsmethatmostofthesema

chinesareownedandoperatedbyprivateindividuals
orbypestcontrolcompaniesTherearesomesmaller
townslikeBrianwherelimitedsprayingprogramsare
carriedonundertheguidanceoftheCountyHealth
Departmentbutthesecommunitiesarefew

InterestinmosquitocontrolintheStateofOhioislim
itedtotheperiodwhenmosquitoesarebitingAsan
exampleonlysixOhiohealthdepartmentcityandcounty
officialsattendedourseminarlastSeptemberwhile
about85invitationsweresentoutfromourofficeTothis
informationImightaddthatduringthissameperiod
orfromMaytoJulyourofficereceivesaboutadozen
callseachyearfromvarioussmalltownsrequestingmos
quitocontrolinformationInsomeinstancestheircalls
arepleasforhelpneededrightaway



TheprogressofcontrolinOhioisslowandinmost
casesisaproblemoflearningthehardway
IwouldliketomentionatthismomentthatthePro

ceedingsfortheSeminarhaveatlastbeenprintedAny
ofyouwhodidnotattendthemeetingswearesorry
thatyoudidntattendwillfindthispublicationtobe
fulloffrankfactsaswellastheoriesandifyouwill
givemeyourcardIwillseethatyougetacopyfor
100Thankyou

NEWENGLAND
EDITORSNOTE BertramIGerrySecretaryofthe

MassachusettsStateReclamationBoardwasoriginally
scheduledtopresentareviewofmosquitocontrolactiv
itiesinNewEnglandHoweverinalettertoRFPeters
ProgramChairmanfortheAmericanAssociationMr
Gerryofferedanexcellentreasonforhisinabilitytoat
tendthisConferenceasisevidencedinthefollowing
quotefromhisletter
Inreplytoyourinvitationof16thNovembertopre

sentabriefaccountofmosquitocontroldevelopmentsin
MassachusettsattheJointMosquitoControlAssociation
ConferencebeingheldinJanuary1955atBerkeleyCali
iforniaunfortunatelyatanglewhichoccurredwhile
attemptingtoestablishaNewEnglandMosquitoControl
Associationhaseliminatedallopportunitytoabsentmy
selffromtheStateduringJanuary

Ourearlyeffortstoreachindividualsinterestedin
theformationofaNewEnglandMosquitoControlAsso
ciationindicatedthenecessityforcooperationwithsome
wellknownblanketingorganizationfromwhichwemight
gaincontactsWesolicitedthereforeassistancefromthe
StateExtensionServiceAsaresultofourrequestthis
Servicescheduledanorganizationmeetingfor3rdand
4thofFebruaryduringconferenceweekattheUniver
sityofMassachusettsAsChairmanoftheConstitution
andByLawsCommitteeIfeelcompelledtomakemy
selfavailablejustprevioustoandduringthescheduled
meeting

DrCollinsMembersofthetwoassociationsIbring
yougreetingsfromDrGlasgowformerEditorofMos
quitoNewsandamanwhomyouallknowandrespect
forhisearlyworkinhelpingtoorganizetheAmerican
MosquitoControlAssociationAlsoIbringyougreet
ingsfromChrisWilliamsonandLeroyKinseywhom
mostofyouknowfortheirmosquitocontrolactivities
someofwhichIwillmention

MOSQUITOCONTROLINNEWYORKSTATE
IN1954

DLCoLLlxsStateEntomologist
NewYorkStateMuseumandScienceService

ConsideredasastateunitNewYorkoccupiesan
anomalouspositionwithrespecttomosquitocontrolactiv
itiesThestatelawgoverningtheestablishmentofmos
quitocontrolcommissionsbyitsunusualwordingief
fectivelyrestrictstheformationofmosquitocontrolcom
missionsassuchtoSuffolkCountyHoweverunderthe
generalpublichealthlawscountyandtownboardsare
permittedtocontrolmosquitoeswithintheirboundaries

Undertheselawstherewereseveraldifferenttypesof

1Anycountywhichisadjacenttoacountywhichcontainsmore
thanthreetownsandwhichisadjacenttoacityofthefirst
classhavingapopulationofover3millioncanhaveacounty
MosquitoExterminationCommission

1
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organizedmosquitocontrolactivityinNewYorkin1954
InSuffolkCountywhichcomprisestheeasternhalfof
LongIslandtheworkwasdonebytheSuffolkCounty
MosquitoControlCommission

InNassauCountyasimilarcommissionoperateduntil
1947butsince1947theworkhasbeenperformedby
theMosquitoControlDivisionoftheCountyDepart
mentofPublicWorks

InupstateNewYorkthepictureisentirelydifferent
Therearefewifanycountieswherethereiscountywide
sentimentfororganizedmosquitocontrolUnderthese
conditionsmosquitocontrolmaybeafunctionofavil
lagecityortownshipdependingontheareaofdemand
Withinthepoliticalsubdivisionsthefundsmaycomefrom
differentdepartmentssuchaspublicworksparksor
health

Ithappensthatacertainamountofmosquitocontrol
activityoccurredin1954withineachofthecategories
mentionedsoinordertokeepeachareaofthepicture
cleartheywillbediscussedseparatelyunderappropriate
headings

1SUFFOLKCOUNTYThisistheonlycountyinthe
statewithaMosquitoControlCommissionorganizedon
abasissimilartothoseoperatinginNewJerseyCalifor
niaandafewotherstatesChrisWilliamsonisDirector
andSuperintendentHehasreportedpersonallyonSuf
folkCountyMosquitoControlactivitiesasAMCA
meetingsinthepastsothatAMCAmembersarefamiliar
withthegeneralfeaturesofoperationsinthatcounty
Hehaskindlyfurnishedmewiththeinformationwhich
Iamabouttogiveontheactivitiesin1954

AsmostofyouknowSuffolkCountyoccupiesthe
easternendofLongIslandNewYorkandissurrounded
onthreesidesbysaltwaterTheshorelineisdeeplyin
dentedbynumerousbayslargeandsmallandthereare
manylowlyingsaltmarshislandsaswellasextensive
areasofsaltmarshontheislandproper

Inadditiontothecontrolofsaltmarshmosquitoes
therearetwoprincipalproblemswhichtheCommission
handlesnamelycontrolofuplandfreshwaterspecies
andcontrolofdomesticspeciesThesaltmarshspecies
includeAedessollicitansAtaeniorhynchusAcantator
andCulexsalinariusAnophelescrucianshasbeenen
counteredoccasionallyThefreshwateranddomestic
problemmosquitoeshavebeenAedesvexansandCulex
pipiens

In1954theareasdescribedasundercontrolinSuf
folkCountycomprised914squaremilesThetotalbudget
was28351600Thenumberofmenemployedwas70
Materialsusedforchemicalcontrolielarvicidingin
cludingoilingwereasfollows6tonsoftechnicalDDT
6750gallonsof25DDTemulsionconcentrate93000
gallonsofNo2fueloilEquipmentusedonthesalt
marshesincludedbothhandandpowersprayersandfor
theditchingandotherworkfourOliverOC6tractors
andScavelplowsThedrainagesystemsarecompletely
overhauledeverytwoyearsThelarvicidingsolutions
weremostly22DDTinfueloil

Onthuplandsoperationsincludeddrainageandspray
ingusing217and5DDTsolutionsSomeresidual
applicationswith5DDTsolutionswerealsomade
withverygoodresults

AresearchprogramwascarriedonwiththeNew
YorkStateScienceServiceoninsectsotherthanmos

quitoesthatareacommunitynuisanceThisisayearly
programoperatedjointlybytheSuffolkCountyMos
quitoControlCommissionandtheNewYorkScience



ServiceunderthedirectionoftheStateEntomologist
In1954theworkdoneunderthisarrangementincluded
investigationsofthenuisancegnatsTendipesdecorus
saltmarshtabanidsTabanusnigrovittatusandTline
olaandsandfliesorpunkiesCulicoidesspp

2NASSAUCOUNTYNassauCountyMosquitocon
troliscarriedonbytheMosquitoControlDivisionofthe
CountyDepartmentofPublicWorksunderthedirection
ofLeRayKinseyDeputyCommissionerfortheDivision
AsinSuffolkCountytheworkiscountywide

ThiscountybeingadjacenttoNewYorkCityis
largelyurbanizedandthepopulationhasgrownvery
rapidlyinthepast10years

Thesouthernpartofthecountyhaslargeshallowbays
containingsome145saltmarshislandsranginginsize
fromoneacretomorethan50acresTheseislandshave
aneffectivesystemofditches

Adjacenttotheuplandalongthebaysthereareabout
10000acresofsaltmarshonwhichhavebeendugalmost
800milesofdrainageditchesInadditionthereareap
proximately200milesofuplandstreamsandditchesto
maintainformosquitoandfloodcontrol

Besidesthesaltmarshproblemsthereareover36000
streetcatchbasinsthatmustbesprayedduringthebreed
ingseasonandsome2500otherpossiblebreedingareas
listedsuchaspondsswampypoolsandlowspotsthat
mustbeinspectedandtreated

Forcontrolpurposesthecountyisdividedintotwo
districtscomprising13inspectionareaswithaninspec
tionspraycrewanddrainagemaintenancecrewassigned
toeacharea

Personnelofthemosquitocontroldivisionvariesfrom
100to140yeararoundOver50piecesofmotorized
equipmentsuchastruckscarstractorsboatsmowers
andpowersprayersaremaintained

In1954themosquitopopulationinNassauwasata
lowlevelTheaveragedailycatchintrapcollectionswas
onlyabout2pertrap

Culexpipiensaccountedforover90oftheannoy
anceandsaltmarshandfreshwaterswampspecieswere
thelowestthathavebeenrecorded

During195413mobileunitsandamarineunitmade
51280inspectionstopsandperformed5808spraytreat
mentsforsuppressionoflarvaeusing31000gallonsof
insecticidesOver5200gallonsofinsecticidewereused
onspacespraysforadultcontrolOnthecatchbasinsover
20000gallonsofoilsolutionwereusedinnearly300
000applications

3UPSTATENEWYORKInrecentyearsupstate
citiestownsandvillageshavebecomemorearticulatein
theirdesireforthecontrolofmosquitoesandothernui
sanceinsectsTheadventofinsecticidefoggingalthough
ithasnotalwaysbeentheanswercertainlyhasbeena
powerfulinfluencetowardmakinggroupsawarethat
bitinginsectscanbecontrolledThenoncestartedona
programitissometimeseasiertoshowtheultimateneces
sityformorebasicoratleastlessephemeralmeasures

In1954theupstatecontrolprogramthathadbeen
underwaythelongestwastheonedirectedprimarily
againstblackfliesintheTownofWebbThisprogram
wasmadepossiblebytheamendmenttotheStatepublic
healthlawpassedin1948whichstatesTheboardof
healthofatownorvillagemaytakeallnecessaryand
properstepsforthecontrolofmosquitoesblackflies
punkiesticksandotherinsectsdetrimentaltohealth
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withintheirjurisdictionwhichmayrequirecommunity
actionfortheirdestructionorcontrol

TheTownofWebbblackflycontrolprogramiscar
riedonwithboardofhealthfundssetasideforthepur
poseandadministeredbyDrRobertLindsaytheTown
HealthOfficerThisprogramwasdevelopedwiththe
participationandadviceoftheStateEntomologistsOf
ficeoftheStateScienceServiceAlloftheotherblackfly
controlprogramsinthestatehavestemmedfromthe
Webbtownshipprogramandalthoughonasmaller
scalearealsoorganizedonatownshipbasisDataon
blackflycontrolinNewYorkin1954areasfollows

TOWNOFWEBBProgramincludedairplanelarvi
cidingofover200squaremilesofroughmountainous
countrysurroundingthepopulatedareaswithsupple
mentaryfoggingfromatruckmountedTifaThelarvi
cidingwasdonewithaPiperCubequippedwithfloats
flyingparallelswathsonequarterofamileapartplus
topicalapplicationsdispersing20DDTsolutionatthe
rateof1gallonperflightmileTwoapplicationswere
madeabout3weeksapartthefirstforProsimuliumhir
tipesandthesecondforSimuliumvenustumTherewas
alsoanintermediatepartialcoverageofwarmerstreams
Approximately900gallonsof20DDTsolutionwere
used

Theestimatedtotalcostoftheseoperationsinclud
ingtheflyingcontractat1750wasabout265000
Thesupplementaryfoggingwouldaddatleastathousand
dollarstothiscostPlasterblocksandequipmentmain
tenancecostswouldbringthetotalcostoftheprogram
fortheyeartoafigurebetween4000and5000

FORESTPORTAirplanelarvicidingof100square
milesusingmaterialsandtechniquessimilartothose
usedinTownofWebbTheplanewasaPiperCub
equippedwithconventionallandinggearTotalcostof
operationsandmaterials200000

BLUEMOUNTAINLAKEAportionoftheTown
shipofIndianLakeAirplanelarvicidingof50square
milestwocompletetreatmentsandapartialthirdCost
50000notincludingmaterialsUsedsameequipment
asinTownofWebb

LAKEPLACIDAportionoftheTownshipof
NorthElbaUsedsameequipmentasatForestport
Twotreatmentsoveranareaofabout100squaremiles
Costincludingmaterials275000

Alltheblackflylarvicidingwasdoneonacontractbasis
bytheairsprayoperatorwhowasawardedthecontract
aftercompetitivebiddingDifferentfactorswerein
volvedinarrivingatapriceforwhichoperatorwaswill
ingtodotheworkintheseveralareassothatwhenthe
costswerelaterfiguredonthebasisofgallonssprayed
theyvariedfromonetowntoanother

Theaverageoperatingcostofapplicationwasabout
170toapplyonegallonienotincludingthecostof
materialsIfamaterialscostof100pergallonisadded
inwehavethefigureof270pergallonapplied

Wewouldordinarilyfigureonapplying1gallonper
flightmileAsquaremilewouldbecoveredby4flight
milesie4swathsaquarterofamileapartandwould
thereforerequire4gallonsoflarvicideUsingtheaver
agecostfiguresgivenabovewewouldarriveatacost
of1080persquaremileor17centsperacreonare
gionalbasisasrepresentingareasonableworkablefigure
forcalculatingcostsofanairplaneblackflylarvalcon
trolprogramaspracticedin1954



Bythemethodsusedasnotedabovetheoverallre
ductioninblackflylarvalpopulationinabout50streams
checkedin1954was80whichinmostareaspro
ducedsatisfactorycontrol

4MOSQUITOCONTROLINUPSTATENEW
YORKTwoupstatecitiesbothsmalloneshadorgan
izedmosquitocontrolprogramsin1954Therewerea
numberofpropertyownergroupsandmanysummer
campswhichsponsoredfoggingandevensomelocal
larvicidingSeveralcommunitieshadoccasionalcon
tractfoggingsandlarvicidalspraying

ThecitiesofIthacaandGenevacontractedwitha

localpestcontroloperatortodotheirmosquitocontrol
SinceIthacaisthesiteofCornellUniversityandGeneva
oftheNewYorkStateAgriculturalExperimentStation
therewereentomologistsonhandwhoseadvicewas
soughtandforthemostpartfollowedTheprograms
consistedofearlyspringscoutingtodetermineprincipal
sourcesandthenlarvicidingbymeansofaBuffaloTur
bineDuringthesummerratherspottyscoutingrevealed
waterareasthathadbeenmissedearlierandthesewere
treatedbyhandAneffortwasmadetotreatallstanding
waterwithineachcityandforhalfamilebeyondthe
citylimits

Thepestcontroloperatorsconsideredittobemore
practicaltosetuparoutinescheduleoftreatingallprob
ableareasthantoscoutfirstTheoriginalamountesti
matedfortheGenevajobacityof18000personswas
1000butthiswaslaterincreasedto250000Five
larvicidalapplicationswereprovidedforbutthesewere
notapplieduniformly

Onetypeofmosquitobreedingsituationthatcaused
troublearoundGenevaandthatwasoriginallyover
lookedwasthepitsleftinthegroundwhennurserystock
wasremovedThesepitswereoftenfilledwithlooseprun
ingbrushtokeepanimalsandchildrenfromfallinginto
themThispreventedthepitsfrombeingseeninsuper
ficialscouting

IntheforegoingparagraphsIhaveattemptedtopre
sentthemosquitocontrolpictureinNewYorkasit
existedin1954Ifitappearsthatarelativelydispropor
tionateemphasiswasplacedoncertainbitingfliesother
thanmosquitoesitshouldbebroughtoutthatinupstate
NewYorktherehasbeengreaterpressureforpubliccon
trolofsuchinsectsthanformosquitoesThewordingof
thefirstlawapplyingtocontrolofnuisanceinsects
specificallymentionedtheseotherspeciesItisinteresting
tonotethatinareaswheresuchinsectsasblackfliesSim
uliidaearecontrolledademandformosquitoand
punkieHeleidaecontrolislikelytofollowWhenre
questsfromtheseareasplusrequestsfromareaswhere
mosquitoesaretheprimarynuisancebecomesufficiently
numerousinanyonecountyorinageographicallyho
mogeneousareaietheMontezumaswampwhichin
cludesportionsof4countiesitisprobablethatregional
mosquitocontrolonacontinuingbasiswilldevelop

MOSQUITOCONTROLINPENNSYLVANIA
RUSSELLWGIES

PrincipalSanitaryEngineerandConsultantonVector
ControlPennsylvaniaDepartmentofHealth

Mosquitoesandotherinsectsaffectingpublichealth
havebeenprominentinthehistoryofPennsylvaniafrom

theveryearliestdaysofthesettlementoftheCommon
wealthThehistoricalrecordsoftheearlySwedish
DutchandEnglishsettlementsalongtheDelawareRiver
betweenWilmingtonandPhiladelphiaparticularlyhave
hadfrequentreferencetothegreatswarmsofmosquitoes
fliesandotherinsectsencounteredEarlytravelersfrom
EuropecomingtoPennsylvaniathroughouttheColonial
periodnotedtheexcessivenumbersofsuchmosquitoes
andtheireffectonhealthaswellastheannoyancethat
theycaused

Notmuchwasdoneaboutthismatteruntilthetime
ofthefirstWorldWarAtthattimemosquitoesparticu
larlybecamesuchanannoyanceastoseriouslyinterfere
withthewareffortsparticularlyintheHogIslandShip
buildingareaandsimilarplacesControleffortswere
startedunderthedirectionofthePennsylvaniaDepart
mentofHealththeUnitedStatesGovernmentWesting
houseCorporationandothersontheTinicummarshes
Alargepumpingplantwaserectedonlanddonatedby
theWestinghouseCorporationandothermeasureswere
takenwithatotalexpenditureofabout25000000in
1918and1919

AfterthefirstWorldWarintensiveworkwasnotcon
tinuedbutwithincreasingrecognitionoftheproblemin
1935twoCountyMosquitoExterminationCommissions
wereappointedfollowingareferendumvoteinDelaware
andBlairCountiesThiswasasaresultofthelegislation
passedandknownasPL226of1935TheseCounty
Commissionshavecarriedonthoroughandeffective
workandtheresidentsofbothcountiesfeelthatthe
moneyappropriatedeachyearhasbeenwellspentand
thattherehasbeenasteadydiminutionofthenumber
ofmosquitoes

AtthetimeofthesecondWorldWarbecauseofapro
ductionslowdownsufferedbytheUnitedStatesNavy
AircraftplantatthePhiladelphiaNavyYardandby
manylargeindustriesinPhiladelphiaandDelaware
Countiesrenewedmosquitocontroleffortswerecarried
onunderthesponsorshipoftheNavythePhiladelphia
andDelawareCountyauthoritiestheUnitedStatesPub
licHealthServiceandtheStateDepartmentofHealth
Asaresultthenumberofmosquitoeswasreducedtoa
minimumandworklossinproductionwhichwasesti
matedbytheChamberofCommercetohaveamounted
toaboutfivemilliondollarsannuallyduetoexcessive
numberofmosquitoeswaspracticallywipedoutbythis
organizedeffort

ItisworthyofnotethattheCityofPhiladelphiais
expectingtoexpanditsmosquitocontrolworkandwill
putatrainedEntomologistincharge

TheproblemofmosquitocontrolinPennsylvaniais
twofold

1Largeareasofmosquitobreedingoccurinseveral
placesalongtheDelawareRiverparticularlyinthe
TinicumandPhiladelphiamarshesTherearealso
largemarshareasalongtheMoshannonRiveratPhil
ipsburginthecenteroftheStateatPresqueIslenear
ErieintheSmethportandPortAlleghanysections
andinthelowerBucksCountyareawheresewagepol
lutionandconstructionpoolshavegreatlyintensified
theamountofmosquitobreedingandotherplaces
BucksCountyisundergoingatremendousdevelop
mentduetothelocationoftheUnitedStatesSteel

CorporationsnewFairlessWorksinFallsTownship
closetoTrentonandthestartingofseverallargeresi
dentialdevelopmentswhichwillprovidehomefortens
ofthousandsofnewresidentsSeweragesystemsroad



constructiondrainageandotherfactorsaffectingmos
quitobreedingareneverquitecaughtupsothatthe
chanceofbreedinglargenumbersofmosquitoesin
suchplacesremainsaseriousproblem
2Thousandsofsmallerareasproducingmosquitoes
arespottedovertheStateamongthesemightbemen
tionedGettysburgChambersburgSayreandAthens
theAltoonaandTyroneareasofBlairCountythe
PonocoregionmanyofthePhiladelphiasuburbsthe
AllentownareatheWyomingvalleyinthevicinityof
WilkesBarreandportionsoftheSchuylkillvalley
Tosumupthehealthandeconomicaspectsofmos

quitocontrolincludethereductionofdiseasetheincrease
ofrealestateandpropertyvaluesandtheenjoymentof
outdoorrecreationwhichmaybesecuredthroughproper
insectcontrolataveryreasonablecost

Becauseofthedirectandindirecthealthproblemsin
volvedthePennsylvaniaDepartmentofHealthhastaken
theleadinmosquitocontrolthroughaidingotherState
Departmentsmunicipalitiescorporationsandindivid
ualswithconsultativeandadvisoryservices

ThePennsylvaniaDepartmentofHealthisaidingthe
programby
1Supervisionofairplanesprayingattherequestof
thePennsylvaniaDepartmentofForestsandWaters
of70milesofabandonedSchuylkillCanalandtheair
planesprayingofthePhiladelphiaandDelawareCoun
tymarshesbytheCityofPhiladelphiaandthelarge
landownerswhoarepayingforthisairplaneworkThe
sprayingisbeingcarriedoutwiththenewlydeveloped
granularinsecticides
2TheDepartmentisalsocooperatingintheplace
mentandoperationofaconsiderablenumberofin
sectlighttrapsthroughouttheStateforstudyingthe
distributionofthevariousspeciesofmosquitoesthe
numbersineachareaetcInareaswherecontrolwork
isbeingcarriedonthelighttrapscatchesareofcon
siderablehelpincheckingtheresultsofthecontrol
operationsandinuncoveringweakpointsInareas
wheresuchcontrolisnotyetstartedthedatawillbe
ofconsiderablebenefitinplanningsuchfutureopera
tions

3Closecooperationisalsobeingmaintainedwith
thetwoactiveCountywidemosquitocontrolcom
missionsandtheworkcarriedonbyatotalofabout
300communitiesintheStateApproximately250
00000yearlyisbeingspenttoprotect1500000people
livinginthesecommunitieswhereorganizedcontrol
ofsomekindisbeingcarriedout
4ThedepartmenthasadvisedtheStateParkSys
temwhichoperates109StateParksregardinghealth
relatedinsectproblemsMillionsofvisitorstothese
StateParksareaffectedbyinsectbreeding
5About100ownersoflargecampsforbothchildren
andadultsinthePoconoareaandotherpointsinthe
Statehavebeenadvisedregardingmosquitoflyand
otherinsectcontrolproblemsandclosecooperation
ismaintainedwiththesegroupsfromyeartoyear
6TheDepartmentissponsoringandhelpingtodi
rectalargenewcooperativecontrolprograminBucks
Countythatwillaidnearly150000peopleIntwo
yearstheworkofthiscooperativeBucksCountyMos
quitoControlCommissionfinancedbyStateCounty
andmunicipalfundsandcontributionsofprivatecor
porationsandindividualshasproducedadefinitere
ductionofmosquitoes
7Advisoryserviceisgivenconcerningrequestsfor
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informationfromthegeneralpublicmunicipalities
etcforinsectcontrolandsanitarylandfilldatawhich
iscloselyalliedtomosquitocontrolworkandliaison
ismaintainedwiththelocalhealthdepartments
throughouttheentireStateregardingsuchproblems
Thepublichealthinsectcontrolworkcarriedonbythe

Departmentismeetingarealneedandisoneofthe
servicesoftheStatethathasproventobeextremely
worthwhile

NEWJERSEYMOSQUITOCONTROL
PROGRESS

BAILEYBPEPPERHead
DepartmentofEntomology

NewJerseyAgriculturalExperimentStation
NewBrunswick

MrChairmanmembersoftheCaliforniaMosquito
ControlAssociationandAmericanMosquitoControl
AssociationandfriendsItisneedlessformetosaythat
itisarealpleasureformetoappearpersonallyinCali
forniaItisindeedapleasuretobehererepresentingthe
NewJerseyMosquitoExterminationAssociationandto
bringyougreetingsfromthatgroupandespeciallyfrom
PresidentSutphenwhoinstructedmetoextendhisbest
wishestobothsocietiesforaveryinformativemeetingI
alsomightaddthattheNewJerseyAssociationwillhold
its42ndAnnualMeetinginAtlanticCityonMarch910
and11andIhavebeenaskedtoextendamostcordial
invitationtoeachandeveryoneofyoutomeetwithus
atthattimeIhopethatmanyofyouwillfinditpossible
toattend

WithinthebrieftimelimitallowedthismorningI
willnotattempttogiveyoumorethanaverybriefsum
maryofthemosquitocontrolactivitiesinNewJersey
during1954

Itisratherdifficulttoseparatethedifferentagencies
soIwillonlyspeakofthestateasawholeWehavea
stateassociationwhichisverymuchinterestedinmos
quitocontrolThereare15countymosquitoextermina
tioncommissionswhoarecarryingonactiveprograms
Associatedtherewitharetheresearchactivitiesofthe
NewJerseyStateAgriculturalExperimentStationAlso
theAgriculturalExperimentStationischargedbylaw
withtheresponsibilityofapprovalofplansandestimates
ofthecountycommissionsaswellascoordinatingthe
severalcountyprogramsPleaserememberthatthereare
threegroupsworkingtogetherandIdonotintendto
slightanyonegroup

FromtheAssociationstandpointImightaddthatthe
AmericanMosquitoControlAssociationmetjointlywith
theNewJerseyMosquitoExterminationAssociationin
1954andpublishedjointproceedingscopiesofwhich
weremailedinDecembertoallmembersoftheAmerican
MosquitoControlAssociationandwehopeeveryonehas
receivedthembythistimeItcomprisedabookof312
pagesandallpaperswhichwerepresentedatthecon
ferencewereprintedintheProceedingsexceptaveryfew
whichhadpreviouscommitmentsfortheirpublication

Ingeneralthemosquitoannoyancewasatalowlevel
throughoutthestatein1954Wehadoneofthedriest
summerseasonsonrecordnotonlydryforthesummer
butitstartedmuchearlierthannormalThedrought
howeverdidcausesomeunusualproblemsinsomeof
thecountiesManystreamsweresolowthatthere was

notsufficientflowtokeepthemosquitoesflushedandas



aresultpoolsformedandlarvicidingbecamenecessary
inagreatmanyareasBecauseofthedroughtwehad
someratherunusualsituationswithstreetcatchbasins

Usuallytheyareflushedfromheavyrainsbutbecause
ofthedroughtconditiontherewasratherheavybreeding
inmanyareas

Wealsoexperiencedaratherunusualsituationinthe
latefallinthattheweatherorrainsinSeptembergave
ussomeproblemswithlatebreedingSomeofthebreed
ingcontinuedupintoOctoberHowevertheannoyance
wasnottooseveresinceatthattimeofyearpeopleare
notoutdoorsintheearlyeveningswhenannoyanceis
greatest

Duringthepast10yearsthemosquitoproblemhas
materiallychangedinNewJerseyPriortothattimeour
primaryproblemwaswithsaltmarshspeciesInthelast
10yearstheproblemhasbeenwiththedomesticspecies
theCulexcomplexThisconditionhasbeenbrought
aboutbysomeunusualchangesthathaveoccurredin
NewJerseyaselsewhereinthenationnamelygreatin
dustrialandresidentialexpansionIntheseexpansions
someoftheproblemsthatgoalongwithsuchchanges
havenotkeptpaceparticularlysurfacewaterdrainage
andthesanitarysewerproblemsAsaresultofindustrial
andresidentialgrowththeseproblemshavecreptinand
havegiventhestateconsiderabletrouble
IalsomightaddthatovertheyearstheNewJersey

folkshaveheldfirmlytopermanentmeasuresofcontrol
Realizingthatpermanentmeasuresarerathercostlyand
longdrawnoutinthoseareaswherethepermanentmeas
urescannotbemadeforeconomicreasonsappropria
tionstemporarymeasuresoflarvicidingandadulticid
inghavebeenperformedIthinkthereisaplaceforall
typesofcontrol

Inrecentyearsanumberofthecountieshavebeen
calledontocarryagreaterloadthanjustmosquitocon
trolOthernuisanceproblemshavebeenaddedleaving
ussomewhatinaquandaryastojusthowfartheseextra
activitiesshouldgosincethecountiesareworkingstrictly
underthemosquitocontrollawanditisspecificallystated
asmosquitoesThequestionariseshowfarafield
shouldmosquitoexterminationcommissionsgoIdonot
believewehavetheanswertothatatthemomentbutit
issomethingthatwewillhavetogiveconsiderationtoin
thenottoodistantfuture

Justafewremarksaboutsomeoftheneweractivities
Wehavecarriedonanadultsprayingprogramwithair
craftforthepast5yearsIn1954some23000acreswere
sprayedforadultmosquitocontrolWearebeginningto
askthequestionWhatresultsarebeingobtainedI
thinktheresultshavebeenfarbeyondourhighestexpec
tationsandwearenowwonderingiftheadultspray
programisnotkillingoffenoughoftheadultsalong
thesaltmarshregiontoaffecteggdepositionandconse
quentlylarvalbreedingThatisjustanindicationWedo
nothavetheanswertothequestionatthemoment

AnotherveryimportantpartoftheactivitiesinNew
JerseyhasbeenthecooperationwithotheragenciesFor
examplethispastyeartheDepartmentofEntomology
ofthestationhascooperatedwiththeDepartmentofDe
fenseintheStatetheStateFishandGameCouncilthe
UnitedStatesPublicHealthServicetheNewJersey
StateDepartmentofHealthandotherstateagencies
suchastheNewJerseyTurnpikeandtheGardenState
ParkwayAuthorities
Iwouldliketomentionsomeofthehighlightsofour

researchactivitiesduringthepastyearDrGinsburg
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hascontinuedinvestigationwithsomeofthenewerin
secticidesthatmightofferpromiseDrHagmannhas
continuedhisstudiesonthebiologyandecologyofsev
eralspeciesofmosquitoesofNewJerseywhicharenot
toowellunderstoodandwehopethatintheverynear
futuretherestudieswillenlightenusastopossibleshort
cutsinmosquitocontrolAnotherratherinteresting
studywhichhasbeencarriedonbyoneofourstudents
incooperationwithMrJobbinsisthestudyofthechem
icalandphysicalpropertiesofgranularinsecticidesThis
studyhasrevealedsomeveryinterestinginformation
whichwillhaveratherimportanteffectsinthefuture

DuringthepastseasonaprojectsupportedbyUnited
StatesPublicHealthServicefundsonvectorencephalitis
relationshipstudiesinbirdswasinitiated

Werecognizethatinthiswholemosquitocontrolprob
lemresearchhasbeenneglectedandthatifweareto
keeppacewiththeproblemwemustdevotemoretime
tothatsegmentofthework

Inadditiontothemosquitoworkourdepartmentof
entomologyislookingatthiswholepictureofinsectcon
trolfromalittledifferentanglethanwedidforthepast
severalyearsWebelieveweareatthepointwherewe
aregoingtohavetodigdeeperandstudysomeofthe
fundamentalsoftheorganismanditswayoflifeparticu
larlyonhowinsecticidesaffectitWedohavearather
broadprogramgoingalongthatlineatthepresenttime
andIhopethatitwillbegintoproducenewknowledge
thatwillenableustoincreaseoureffectivenessinmos
quitocontrol
Ithankyouverymuch

MOSQUITOCONTROLACTIVITIESIN
VIRGINIA

REDOREREngineerinCharge
BureauofInsectandRodentControl

VirginiaStateHealthDepartmentNorfolkVa

In1607abandofhardyEnglishmenlandedatJames
townontheshoresofVirginiaandestablishedthefirst
EnglishcolonyintheNewWorldHistorytellsusthat
afterayearortwothecolonymovedtohigherlandat
WilliamsburgduetofeverThereislittledoubttoday
thatthisfeverwasmalariaForover300yearsupuntil
themid1930smalariacontinuedtotakeitstollinthe
OldDominionStatestrikingmanydeadandmakinga
residentwhohadneverhadthechillsandfeverarare

specimen
Inthesummerof1855ayellowfeverepidemichit

NorfolkandPortsmouthandinashorteightweeksthe
populationwasreducedbytwothirdsInadditiontothe
sicknessanddeaththatmosquitoeshaveleftintheir
wakeinVirginiaitisimpossibletoestimatethediscom
fortandmiserythatpestiferousmosquitoeshavecaused

ItisgratifyingtoreportthatthingshavechangedNo
longeraremosquitoesadirectmenacetohealthYellow
feverhasnotbeenreportedinmanyyearsandasingle
caseofindigenousmalariawouldreallycausequitea
commotionGreatprogresshasalsobeenmadeincertain
sectionstowardsreducingpestmosquitoes

EasternVirginiaisalowcoastalplainknownasTide
waterItextendsalongtheAtlanticOceanandChesa
peakeBayandbackinlandalongtheseveralriversItis
interestingtonotethatRichmond100milesinlandhas
aseaportterminalFromthefalllinetothemountains
thereisasectionknownasPiedmontwhichisrolling



countryFarthertothewestaretheAlleghanymoun
tainsFromtimetotimeminorandlocaldomesticmos
quitoproblemsexistinotherpartsoftheStatebutby
andlargethemajorproblemsareinEasternVirginia

AttheentrancetoChesapeakeBayexistsoneofthe
finestharborsintheworldOnesixthoftheStatespopu
lationlivewithinafortymileradiusincludingtheCities
ofNorfolkPortsmouthSouthNorfolkNewportNews
HamptonWarwickWilliamsburgSuffolkFranklinand
VirginiaBeachandtheCountiesofPrincessAnneNor
folkandYorkBecauseofthefinebeachesthehistorical
shrinesandtheseveralmilitaryestablishmentsthousands
ofadditionalpersonsareattractedtotheareaeachsum
mer

Itisinthisareathatmosquitocontroleffortsareprin
cipallydirectedTheproblemgenerallycanbeclassified
intofourtypesofmosquitoestobecontrolled
1Thesaltmarshandbrackishwatermosquitoes
AedessollicitansAedestaeniorhynchusAnopheles
cruciansbradleyiandCulexsalinarius
2theuplandfreshwatermosquitoesAedesvexans
AedescanadensisMansoniaperturbans
3ThetemporaryrainpoolbreedersPsorophora
feroxPsorophoraconfinnis
4ThehousemosquitoCulexpipiensAedesaegyp
ti
Inthelowflatlandwithanannualrainfallofforty

threeinchesstandingwaterisacommonthingAsmany
as100breedingplacesoccurinanareathesizeofone
cityblock

MethodsofcontrolvarywitheachsituationFillingis
encouragedwhereverpossiblebutofcoursethecost
makesitsuseverylimitedDrainageandditchingareby
farthemostimportantmosquitocontroltoolsLarvicid
ingisusedextensivelyusinghandsprayingpowerspray
ingandairplanesprayingandbecauseoftheclimate
thismustbecarriedoutonasevendayschedulethrough
outthesummermonthsFoggingandmistingarealso
usedtosupplementothermethodsofcontrolbutbe
causeofitstemporaryeffectitshighcostandthepos
sibilityofbuildingupresistantmosquitoesitsextensive
useisnotencouraged

Fourteenmosquitocontroldistrictshavebeenestab
lishedinVirginiaunderaStateEnablingActUnderthis
lawthelocalgoverningbodyofacitytownorcounty
aloneortogethercancreateamosquitocontroldistrict
toincludeallorapartundertheirjurisdictionThelocal
administrationappointstwomemberstoserveonthe
mosquitocontrolcommissionandthethirdmember
exofficiochairmanistheStateHealthCommissioner
orhisdeputyThecommissionisresponsibleforcarrying
onthecontrolmeasuresandisgivenwidepowerevento
thatofeminentdomainFundswithwhichtooperate
comefromlocaltaxesorappropriationsandtheState
contributesasumequalto25ofthefundsraisedlo
callybutnottoexceed10000inoneyear

Pestmosquitocontrolassuchisaneconomicproblem
Thepeoplelivinginanareamustbeawakenedtothe
needformosquitocontrolandtheymustbewillingand
abletopayforitMostoftheareasinVirginiawherea
mosquitoproblemexistsandwherethereissufficientpop
ulationarenoworganizedintomosquitocontroldistricts
Therestillremainsmanyareaswherethemosquitoesare
asbadastheyeverwerebutbecauseofthesparsepopula
tioncontrolcannotbejustifiedatthistimeInthefuture
asthebeautifulshorelineofEasternVirginiaisdeveloped
mosquitocontroloperationswillbeexpanded
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MrMulrennanMrChairmanmembersofthe
AmericanMosquitoControlAssociationandCalifornia
MosquitoControlAssociationIcanassureyouitisreally
aprivilegetohavethisopportunitytocometoCalifornia
forthefirsttimeIwouldliketofirstpaymyrespectsto
theoldWarHorseHaroldGraysittingoverthereto
myleftbutthereisonethingthatIwanttosaynowHe
toldmeastorythefirsttimeIeversawhiminFlorida
Ijustfoundoutyesterdaythathisstorywaspartially
trueHesaidtomeJohndoyouknowhowLakeOkee
chobeewasformed IansweredNoIdonotbelieve
thatIknowWellhesaidabout50yearsagoCali
forniawastransportingagrapefruittoMiamitoplace
itinanexpositionThegrapefruitfellfromtheplane
justoutsideofMiamiandsotodayyouhaveLakeOkee
chobee

YesterdayIwentoutandIfoundaCaliforniagrape
fruitandforabout15minutesIcutonitAfterIgot
throughtherindwhichwasabout3inchesthickI
foundalittlejuiceinsideUponsqueezingitIwasable
toproduceaboutatablespoonfulofjuiceSoIamsure
thattheCaliforniagrapefruitthatfelloffoftheplane
mighthavemadetheholewhichtodayisLakeOkee
chobeebutitcertainlydidnotputthewaterintheLake

THESTORYOFMOSQUITOCONTROLIN
FLORIDA

JAMULRENNANDirectorBureauofEntomology
FloridaStateBoardofHealthJacksonvilleFlorida

FloridacouldbeclassedastheCrownJewelofthe
NorthAmericanContinentinthatitstandsoutasa
shininglightbythebrillianceofitssunshineandbythe
pointedfactthatitisapeninsulagivinglifetoaluxuri
ousfloraandtoanabundantfauna

ItwouldseemnaturalthattheGreatCreatorshould

haveguidedthefirstexplorerstothelandofsunshine
andflowerswithallofitssplendorandbeautywhich
becameameccaforthenaturalistsintheearlydaysfol
lowingherdiscovery

ThecradleofAmericandemocracywithitspearly
whitebeachesbathedbythebluegreenwatersofthe
brinydeepsurroundingthegreatparadisenowknown
asFloridaalsowastoexperiencethebitterwiththe
sweet

AroundacenturyagowhentheStatehoodofFlorida
wasbeingdebatedinCongresstheHonorableJohn
RandolphofVirginiarosetostatethatFloridacould
neverbedevelopednorwoulditeverbeafitplacein
whichtoliveHedescribeditasalandofswampsof
quagmiresoffrogsandalligatorsandmosquitoesTruer
wordswereneverspokenThereweredarkdaysasfar
ashumanexistencewasconcernedTheStateatthetime

1845hadapopulationof66500withthegreatest
percentagetobefoundinthenorthernpartoftheState

Eachsummeryellowfeverandmalariawouldsweep
throughthevillageslikeaforestfireTheyear1857will
belongrememberedastheyearofthegreatpestilence
Itwasreportedthatapproximatelysixhundredpersons
inJacksonvillehadyellowfeverandthatonehundred
andtwentysevendied

In1877Fernandinawithapopulationof1632wasto
experienceoneofthegreatestholocauststoeverstrike
thissectionofFloridaInthesummerof18771146peo
pleweresickwithfeversInanswertothecalltophysi
ciansforaidinthecatastropheDrFrancisPrestonWell
fordpresidentoftheFloridaMedicalAssociationvolun



teeredhisservicesandonSeptember22leftJackson
villeforFernandinanevertoreturnOnOctober10at
tenoclockinthemorningDrWellforddiedofyellow
fever

In1887yellowfeverepidemicsoccurredinKeyWest
TampaPlantCityandManateeIn1888thedisease
brokeoutinJacksonvillecausinganexodusfromthe
cityincarriagesdraysandwagonsladenwithpeople
streamingtowardthedepotandthedockswhileevery
outgoingtrainandsteamerwascrowdedbeyondcapacity
OnthenightofNovember25thetemperaturefellto
thirtytwodegreesandthereaftertheepidemicwasvir
tuallyatanendThanksgivingwasnotashappyanocca
sionin1888asithadbeenin1877howeverforthecity
hadsufferedamuchmoredevastatingexperienceNear
lyfivethousandhadcontractedthediseaseandmorethan
fourhundredhaddied

Theepidemicofyellowfeverin1888broughtabout
thecreationoftheStateBoardofHealthin1889Asearly
as1873ahalfheartedattempttoorganizeaStateBoard
ofHealthwasmadewhenSenatorHoweintroduceda

billintheStatelegislatureaskingforanappropriation
oftwohundreddollars

DrJohnPWallofTampamightbecalledthefather
oftheStateBoardofHealthHestatedinanaddressin
1875beforetheFloridaMedicalAssociationThetime

isfasthasteningwhenthepreservationofthepublic
healthwillbecomeoneofprimaryconsiderationinall
enlightenedgovernments

TheearlysettlementsofFloridawerealmostentirely
withinthearealaterdefinedasthemalariabeltTal

lahasseetheStatecapitolwasinthemidstofthisregion
Thefinalknockoutcametoyellowfeverin1905

Denguefeverapparentlygotitsparalyzingwallopinthe
midthirtiesandmalariamadeitsfinalbowatNaplesin
1948

Thedirectionofapproachtothecontrolofmalaria
wasrecognizedinFloridaasearlyas1900byDrPorter
thefirstStateHealthOfficerwhenhestatedItwas
observedthattheattacksofmalariaweremorethan
usuallyfatalalongtheriverbottomsmarshlandsandin
flatwoodscountryItnowisseenthatitisnotthegerm
itselfwhichrisesfromthesoilorwaterbutthecarrierof
thegerm

Howeverdespitethisearlyrecognitionofthemeans
athandforcontrollingmalarianoconcertedeffortwas
madeinthisdirectionuntiltheWorldWarIperiodAt
thistimedrainageandlarvicidalmeasureswereintro
ducedatCampJohnstoninajointeffortoftheArmy
USPublicHealthServiceandStateHealthDepart
mentasapartofthegeneralsanitationprogramaround
militaryestablishments

AfterthisinitialstarttheStateHealthDepartment
undertookitsfirstmalariacontrolprojectintheCityof
PerryatypicalmalariouscommunityinFloridaAtthat
timeitwasoneofthelargestprojectsofthekindinthe
countryandinvolvedtheremovalof47000cubicyards
ofearthfordrainagecanalsandditchesatanexpenditure
of28000ThecostoftheprojectwasbornebytheCity
ofPerrythecountyofTaylorandtheBurtonSwartz
CypressCompanywiththeStateBoardofHealthsup
plyingthetechnicalsupervisionAsubsequentletterfrom
thelumberingplantstatedthattheyhadbeenmorethan
repaidfortheirshareofthecostbyincreasedoutputre
sultingfromthebetterhealthoftheiremployees

Thefirstgreatforwardstepinthecontrolofmos
quitoesinthisStatewastheorganizationoftheFlorida
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AntiMosquitoAssociationin1922bytheStateBoardof
HealthDrPorterbecameitsfirstpresidentThisorgani
zationhasperformedamomentousdutyinthepromotion
andcoordinationofthemosquitocontrolactivitiesin
theState

Thefirstmosquitocontroldistrictwasestablishedby
voteinIndianRiverCountyin1925Attheendof1953
therewere23mosquitocontroldistrictsin21ofFloridas
67countiesInadditiontothe21countieshavingorgan
izedmosquitocontroldistrictsarthropodcontroliscar
riedonby23additionalcountiesandtheworkisadmin
isteredbytheboardsofcountycommissionersanddi
rectedbythecountyhealthdepartmentsOnesmall
countyBrevardwithapopulationof25570in1950ap
propriated208649formosquitocontrolforthefiscal
year195354IndianRiverCountyasmallcountyhas
apercapitataxformosquitocontrolof911andDade
CountyMiamithewealthiestandmostpopuloushas
thelowestpercapitataxof17cents

Allmosquitoandarthropodcontrolisdirectedatthe
locallevelbNanindividualunderthesupervisionofthe
mosquitocontrolboardortheBoardofCountyCom
missionerselectedbythepeople

Allboardsarerequiredbylawtosubmitaplanof
operationtotheStateBoardofHealthannuallybefore
expendingtheirownfundsorbeforereceivingaidfrom
theStateInordertoassistthelocalboardswiththeir

administrativeandtechnicalproblemstheStateisdivid
edintofouroperationaldistrictStationedineachdistrict
areanengineerandanentomologistwhoareresponsible
forthearthropodcontrolinanassignednumberofcoun
ties

Eachboardalsoisrequiredbylawtoreporteach
monthonallcountyandStateexpendituresformosquito
controlaswellasreportingattheendofeachmonthon
alloftheiroperationalactivities

ThefirstStatelawonmosquitocontrolwaspassedin
1925makingitpossibleforacountytovoteforamos
quitocontroldistrictandfortheresidentstotaxthem
selvesfortheworkAnotherStatelawwasenactedin
1929andin1941theLegislatureprovidedforthree
alternatemethodsforestablishingmosquitocontroldis
trictsintheState

ThefirstStatelawprovidingforStateaidtocounties
andmosquitocontroldistrictswaspassedin1949This
lawprovidedthataidbegivenbytheStateBoardof
Healthtomosquitocontroldistrictsandcountyhealth
departmentsintheformofinsecticidesmaterialsequip
mentpersonnelandtrucksinamountsnottoexceed
15000annuallytoanyonecountyThislawforthe
firsttimerecognizedpestmosquitoesandothernondis
easebearingarthropodsasbeingofpublichealthand
economicimportanceAtotalof350000hassincebeen
madeavailableeachyearunderthislawbytheState
legislatureforthecontrolofmosquitoesandhumanbiting
flies

In1953upontherecommendationoftheFlorida
StateBoardofHealththeStatelegislaturepassedasec
ondStateaidlawwherebyanyboardofcountycommis
sionersoramosquitocontroldistrictthatplacesfunds
initsbudgetforthecontrolofarthropodsofpublic
healthimportancewouldreceivefundsdirectlyfrom
theStateuponpropercertificationbytheBoardof
Healthamountingto75percentofthetotalfundsappro
priatedbythecountyordistrictThislawstipulatesthat
Statefundsaretobeusedexclusivelyforthepermanent
eliminativemeasuressuchassanitarylandfillsfillingand



drainingofbreedingareasthepurchaseofalltypesof
equipmentthehiringofpersonnelandtheoperationof
equipmenttobeusedincarryingoutpermanentmeas
uresofarthopodcontrolThelegislatureappropriated
1250000annuallyforthisprograminadditiontothe
annualappropriationof350000forbothpermanent
andtemporarycontrolmeasuresInadditiontothedirect
aidtocountiesandmosquitocontroldistrictsthislaw
providedanadditionalappropriationof250000ayear
tobeusedbytheStateBoardofHealthforadministra
tionconsultationandfortheconstructionandoperation
ofaresearchlaboratoryTheStateofFloridaistherefore
atpresentappropriatingatotalof1850000annuallyfor
thecontrolofmosquitoesandotherarthropodsofpublic
healthimportanceLocalappropriationsfor195354
amountedto1464105anddirectFederalfunds
throughthePublicHealthServiceamountedto8000
makingatotalof3322105availableforthispurpose
duringthepastfiscalyearAtthepresenttimetheState
receivesnoaidfromtheFederalGovernment

Itismyfeelingthatwearedevelopingoneofthe
soundestarthropodcontrolprogramsinthecountry
whereinbalanceisfoundinitscontrolproceduresThere
isdevelopingclosecoordinationbetweentheStateand
countywhichmustprevailifefficienteffectiveanduni
formcontrolistobecarriedoutinallcounties

Themanydifferentkindsofarthropodproblemsmakes
itmandatorythattheresearchprogrambecomeaninte
gralpartoftheoverallcontrolprogram

ThepresentGovernorLeRoyCollinshasbeenafriend
ofmosquitocontrollegislationsincethepassageofthe
1949lawHehasrecommendedthatwetryandcombine
thetwomosquitoaidlawsThisalsohasbeenrecom
mendedbytheStateHealthOfficerThiswillgiveusan
opportunitytodraftanexcellentbilloutoftwogood
lawsatthepresenttimeNoteThelawwaspassedby
thelegislaturewhichmetafterreadingthispaper

ThetouristindustryisthelargestindustryinFlorida
andin1953broughtin950000000Itisthereforeim
portantthattheStatedoallinitspowertoprotectthe
healthaswellasthecomfortofitsvisitorsFurthermore
thepermanentresidentsoftheStatearenotunapprecia
tiveofthebenefitstothemselvesofavigorousprogram
againstmosquitoesandotherpestiferousarthropodsFlor
idatodayisoneofthethreefastestgrowingstatesinthe
Unionthepresentpopulationis3500000anditises
timatedthatinthenextfifteenyearsatthepresentrate
ofgrowththeStatewilldoubleitspopulationTherapid
growthfloodcontrolpollutionoflakesandstreamsand
manyotherfactorsarebringingaboutuntoldarthropod
problemswithoutaneconomicsolutionastocontrol

TheFloridaStateBoardofHealthinordertoassist
itinsolvingthemanyarthropodproblemsconfrontingthe
Statehasunderconstructionabiologicalresearchcen
terinIndianRiverCountyonthesoutheastcoastofFlor
idaItisexpectedthat215000willbeutilizedincon
structingandequippingthelaboratoryInsubsequent
yearsitisplannedtoutilizeabout150000ayearforre
searchandapproximately125000istobeusedinad
ministeringthemosquitoandstructuralpestcontrollaws
andingivingtechnicalassistancetothecounties

ThepurposeoftheResearchcenterwillbetwofold
atoproducethebiologicalinformationtheState
BoardofHealthneedstopromoteandcarryoutthemost
effectiveandefficientcontrolprogrampossibleandb
toexpeditetheincorporationofthisinformationintocon
trolpracticesTheresearchcenterwillbeintimatelycon
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nectedwiththecontroloperationsinalldistrictsand
countiesandthuspracticalneedswilldirectitsresearch
efforts

SECONDSESSION

130PMMONDAYJANUARY241955
SIERRAROOMHOTELSTATLER

ThissessionofInvitationalPaperscoveringkeydevel
opmentspertainingtomosquitoesandtheircontroldur
ing1954wascalledtoorderbyPresidentRowlandE
DoreroftheAmericanMosquitoControlAssociation
fromNorfolkVirginia

AREVIEWOFRECENTPROGRESSIN

MOSQUITOSTUDIESINCANADA

CRTWINN

HeadVeterinaryandMedicalEntomologyUnit
EntomDivScienceServiceAgricDept

OttawaCanada

ABSTRACT

Progressinstudiesonmosquitoesinabitingflyresearch
programinCanadaisreviewedandreferencesaregiven
torecentlypublishedandsomeunpublishedworkThe
subjectsdealtwithincludethesystematicsanddistri
butionofCanadianspeciesattemptstorearlaboratory
coloniesofnorthernAedestherelationoftheimmature
stagestotheirenvironmentthebehaviorofadultmos
quitoesinrelationtometeorologicalconditionsdispersal
andflightrangethefoodoftheadultstheresponsesof
femaleAedestovariousfactorsrelatingtotheirhosts
andstudiesofbiologicalandchemicalcontrolandof
repellents

About63speciesofmosquitoeshavebeenrecordedin
Canadaandmanynewdistributionrecordsobtainedfrom
varioussourcesincludingtheNorthernInsectSurvey
whichsofarhascoveredmorethan50arcticandsubarc
ticlocalitiesRecentcontributionstothesystematicsof
Canadianmosquitoesaredescribed

Attemptstoestablishcontinuouslaboratorycolonies
ofnorthernAedeshavenotyetsucceededbutvaluable
progresshasbeenmadeandusefulbiologicalinformation
obtainedonthespeciesstudiedRelationsbetweenmos
quitodevelopmentandenvironmentalconditionsinthe
Churchillregionhavebeenestablishedandformulaesug
gestedforpredictingmosquitoemergenceinaperma
frostforesttundratransitionareaFieldstudieshave
beencompletedontherelationbetweentheactivitiesof
adultmosquitoesandmeteorologicalconditionsandpa
perspresentingtheresultsareinpreparationRecent
workontheproblemofmosquitodispersalandflight
rangeisdescribedincluding1thereleaseandcollec
tionofspecimensmarkedwithradiophosphorus2a
studyofthepowerrequirementsandefficiencyinutiliz
ingenergyinflightofmosquitoesandcertainotherin
sectsonwhicharebasedestimatesofdistancesthey
mighttravelandtheirpossiblespeedofflightinstillair
and3observationsontheflightbehaviorofmosquitoes
whichindicatethattheirreactionstocertainmeteoro
logicalconditionscausethemtolosevisualcontactwith
thegroundandflywiththewindapossibleexplanation
ofmassmovementsoftheinsectsoverlongdistancesin
prairieortundra



Mosquitoesandmanyotherbitingflieshavetwodis
tinctformsoffoodbothsexestakecarbohydratesusually
asnectarforenergybutthefemalesalsotakeprotein
asinbloodmealsforeggproductionorobtainitfrom
otherspecifiedsources

StudiesoftheresponsesoffemaleAedesmosquitoes
providedinformationonthebehavioroftheinsectsin
relationtotheirhostsreportedinaseriesofpapersRe
centworkdealtwiththeeffectsonmosquitoattackby
warmthcolourmoistureandsweatofthehumanhost
andofthecolourofhisclothing

Progressisreportedinaninvestigationofnaturalene
miesofmosquitoesincludingnematodeandprotozoan
parasitesandaquaticinsectpredators

Chemicalcontrolofmosquitoesisgenerallycarriedout
onamodestscalebycitiestownsandsmallercommun
itiesinCanadaandbymilitaryandotheragenciesTests
indicatedthatmosquitoesinsouthernOntariowerenot
resistanttoDDTandthiswasnotafactorinreported
unsatisfactorycontrolinthatregionReferenceismade
tothedevelopmentandtestingofaerialandground
equipmentfordispersinginsecticidesagainstbitingflies
andthetestingofrepellents

AEDESAEGYPTIANDMALARIAERADICATION
PROGRAMSINLATINAMERICA

DRFREDLSOPERDirector
PanAmericanSanitaryBureau

WashingtonDC

HavingbeenintroducedastheDirectorofthePan
AmericanSanitaryBureauImustreintroducemyself
alsoastheDirectoroftheWorldHealthOrganization
fortheAmericas

Itwouldbeamistaketoletthismeetingpasswithout
awordofpropagandaontheInternationalHealthOr
ganizationsThePanAmericanSanitaryBureausup
portedbyallofthenationsoftheAmericasexceptCan
adaisoneofthespecializedagenciesoftheOrganization
ofAmericanStatesOntheotherhandtheWorldHealth
OrganizationoftheUnitedNationsissupportedbyallof
theAmericannationsexceptColombiaInthefieldof
healthandonlyinthisfieldhasitbeenpossibletobring
togethertheactivitiesofthespecializedagenciesofInter
AmericanandWorldSystemsThePanAmericanSani
taryBureauandtheWorldHealthOrganizationare
workingintheAmericaswithmultiplefinancialsupport
butasasingleoperatingunitInthepresentationtoday
Ishallspeakofprogramssomeofwhicharesupported
bythePanAmericanSanitaryBureausomebytheWorld
HealthOrganizationsomebyTechnicalAssistance
FundsandmanybytheUnitedNationsChildrens
EmergencyFund

TheofficialinternationalhealthagenciesPanAmer
icanSanitaryBureauandWorldHealthOrganization
participateinmosquitocontrolonlyfortheprevention
ofdiseaseControlofpestmosquitoesisaluxuryformany
regionswhereYellowFeverandMalariaarestillimport
antproblems

Theorientationandextentofantimosquitomeasures
dependontheirobjectivesandtheseobjectiveswemight
classifyas

1Thelocalreductionofdisease
2Theeradicationofdiseaseor
3Theeradicationofavectormosquito
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Theobjectivesofantimosquitomeasuresrelatedto
YellowFeverhavevariedasknowledgebasedonexper
iencehasaccumulatedForexampletheoriginalwork
ofGorgasinHavanaandPanamaandtheworkofOs
waldoCruzinRiodeJaneirowasforlocalYellowFever
controlEventuallyitwasnotedthatoncelocalcontrol
wasobtainedinthelargercitiesYellowFevertendedto
disappearnotonlyfromthosecitiesbutalsofromsur
roundingareasAndbeginningin1915theRockefeller
Foundationcollaboratedinantimosquitocampaigns
whosedeclaredobjectivewasnothinglessthanthecom
pleteeradicationofYellowFeverasadiseasefromthe
AmericasThiscampaignwascarriedoutonthebasisof
atemporaryreductionofthebreedingoftheAedesaegyp
timosquitobelowthethresholdofcontinuingtransmis
sionofYellowFeverinthelargecentersofpopulationin
theendemicareas

Oncetheinfectionhaddiedoutinthehumanhost
itwasanticipatedthatunlessYellowFevervirusshould
bereintroducedfromAfricatheAmericaswouldremain
permanentlyfreeofthediseaseTheearlycampaignswere
highlysuccessfulandby1934thelastendemicfocusof
theaegyptitransmittedYellowFeverintheAmericashad
beencleanedout

Theobservationin1932ofYellowFeverintheabsence
ofaegyptiledtothediscoveryofJungleYellowFeveras
apermanentsourceofvirusforthereinfectionofcities
andportsFortunatelythisfindingcoincidedwiththe
demonstrationthatthereductionofaegyptibreeding
couldbecarriedtoeradicationofthespeciesinBrazilian
citiesUnfortunatelythatdiscoveryhasntledtotheerad
icationofaegyptiinthecitiesoftheUnitedStates

ThecampaignfortheeradicationofYellowFeverin
theAmericasbythetemporaryreductionoflocalaegypti
breedingbecamealongtermprogramfirstforBraziland
Boliviaandlaterin1947undertheauspicesofthePan
AmericanSanitaryBureaufortheWesternHemisphere
forthepermanentprotectionagainsturbanandmaritime
YellowFeverbythecompletecontinentwideeradication
oftheAedesaegyptimosquito

TheobjectivechangedtheninthecaseofYellow
FeverfirstfromlocalcontrolofYellowFevertoconti
nentwideeradicationofYellowFeverandsecondfrom
eradicationofYellowFevertothecontinentwideeradi
cationofthedomiciliaryvectoroftheYellowFeverthe
Aedesaegyptimosquito

InthecaseofMalariatheobjectiveofantimosquito
measuresuntilrecentyearswasthelocalreductionof
AnophelesbreedingbelowthethresholdofMalariatrans
missionfortheprotectionofthepopulationoflimited
areasHealthworkershadtobecontentwithcostlyef
fortsofcontrolinsuburbanareasinvillagesandin
denselypopulatedruralareasTherewasnomethod
availableforthecontrolofruralMalariainthetropical
areaswhicharesparselypopulated

TheinvasionofBrazilbyAnophelesgambiaethemost
dreadedoftheAfricanvectorsledin1939toanti
mosquitomeasuresfortheeradicationofthisspeciesfrom
NorthEastBrazilThesuccessofthiscampaignledtoa
similarcampaignin1944fortheeradicationofAgam
biaefromEgyptwhichhadbeeninvadedwithdisastrous
resultsin1942TheeradicationofAgambiaefromBra
zilandEgyptwasfollowedbyothercampaignswhose
objectivesweretheeradicationofmosquitovectors
namelyAnophelessargentifromtheoasesoftheWestern
desertofEgyptKhareaandDahklaofAnophelesla



branchiaefromSardiniaandAsacharovifromCyprus
andofAfunestusandAgambiaefromMauritius

WiththeintroductionofDDTasaresidualinsecticide
thepreventionofMalariatransmissioninsparselysettled
ruralareasalthoughstillexpensivehasbecomeeconom
icallyfeasibleThealmostmiraculousreductioninMa
lariaobtainedwithDDTandotherresidualinsecticides
duringthepastdecadehasledtoacompleterevolution
intheobjectivesofantimosquitomeasuresforthecon
trolofMalariaLocalprogramsforMalariacontroland
campaignsforvectoreradicationoftheMalariaplasmo
diumitselfinthehumanaswellasinthemosquitopop
ulationNationwidecampaignsinturnarebecominga
regionalundertakingandeventualworldwideeradica
tionistheultimateobviousobjectiveThisrevolutionin
objectiveshasoccurredbecauseoftheselectiveactionof
theresidualinsecticidesontheAnophelesmosquitowithin
humanhabitationsbeforeoraftercontactwiththega
metocytecarrier

Intheabsenceofinfectedmosquitoestransmission
ceasesandinacomparativelyshortperiodoftimethe
infectiondiesoutinthehumanhostOncethishasoc
curredfurthertransmissioncantakeplaceonlyafter
theimmigrationofgametocytecarriers

Factorswhichhaveinfluencedverystronglythechange
inobjectivesaretheobservationinmanycountriesthat
thefundsforcontinuedapplicationofresidualinsecti
cidesyearafteryeararedifficulttosecureoncetheini
tialreductionofMalariahasoccurredandthemuch
moreseriousfindinginsomeareasthattheAnopheles
havebecomeresistanttoDDTafterseveralyearsofex
posureAddedtotheseconsiderationsisthealmostcer
tainshortageofinsecticideswhichmustbeanticipated
incaseofanymajorarmedconflictintheworldFollow
ingthebeginningoftheKoreanconflicttherewasa
periodofaboutayearinwhichitwasmostdifficultto
getfreemovementofinsecticidestocountrieswhichwere
dependentuponthemSotheeradicationofMalariaas
adiseaseisofthegreatesturgencywhileresidualinsecti
cidesarestillpotentandavailable

TobesuccessfultheeradicationofMalariamustcover
asufficientlylargeareatoguaranteeagainstfrequentre
introductionoftheinfectionfromstillendemicregions
OnceeradicationisundertakenMalariaisnolongera
matterofinterestonlytothelocalcommunitynoteven
tothenationwhereitexistsbutisofregionalandeven
worldwideconcernInasimilarwaythedevelopment
ofresistanceinanAnophelesvectorinanycountrymust
beamatterofconcerntothoseothercountriestowhich
thisresistantspeciesmayspread

TheUnitedStateswasoneofthefirstnationstounder
takeandaccomplishtheeradicationofendemicMalaria
Duringthepast4or5yearstherehavebeenpractically
nocasesofMalariatransmissionintheUnitedStates
whichhavenotbeenquiteclearlyattributabletothein
troductionoftheinfectionfromoutsidethecountryThe
UnitedStatesisactivelysupportingtheproposalforthe
eradicationofMalariafromallthecountriesandterri
toriesoftheWesternHemisphere

TheXIVPanAmericanSanitaryConferenceSanti
agoChileOctober1954recommendedasanemergen
cyprogramthetransformationofallMalariacontrol
programsintheAmericastoeradicationprogramsas
rapidlyaspossible

AndsoatthepresenttimethePanAmericanSani
taryBureauwhichalsoservesastheRegionalOfficeof
theWorldHealthOrganizationisactivelyattempting
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tocoordinatetwocontinentwideantimosquitoprograms
withcompletelydifferentobjectivestheonefortheerad
icationoftheaegyptimosquitoastheurbanvectorof
YellowFever

In1947Brazilatthetimeithadpracticallycompleted
theeradicationofAedesaegyptiandwasbeingreinfested
fromthesurroundingcountriestooktheinitiativeinpro
posingtheprogramfortheeradicationofaegyptifrom
therestofthecontinentInterestinglyenoughitisthe
UnitedStateswhichhasnotparticipatedintheeradica
tionofaegyptiwhichistakinganactiveleadinproposing
theeradicationofMalariafromtherestofthecontinent

LatinAmericanhealthworkershavenotedthesedi
verseattitudesoftheUnitedStatestowardsthetwo
problemsInanycaseweowetotheUnitedStatesthe
demonstrationthatthiscountrycouldbeclearedofMa
lariaamostimportantlandmarkinthedevelopmentof
themalariaeradicationproject

FromamapofSouthAmericaitwillbeseenthat
Brazilhasfrontierswithten differentpoliticalunits
fromwhichitwouldbereadilyreinfestedwithaegypti
HenceBrazilwasverymuchinterestedingettingthecol
laborationoftheothercountriesfortheeradicationof
thismosquitoThediscoverythataegypticouldbeeradi
catedfromthetownsofBrazilwasfirstmadein1932to
1933Progresshasbeenconstantandduringthepast5
or6yearstherehasbeennoknowncontinuinginfestation
inBrazilallofthetownsandcitieswhereaegyptiwas
previouslyknowntobepresenthavingbeencleanedup
Onlyrarelydosurveysofscatteredinteriorareasreveal
isolatedhousesstillinfestedSuchinfestationsarerap
idlyliquidatedwithDDTBrazilisalargesusceptible
regionwhereaegyptihasbeenforallpracticalpurposes
eradicated

Boliviahashadnoaegyptisince1948Paraguayis
cleansofarascanbedetermined

TheinteriorofUruguayiscleanandtheresultsof
whatmaywellbethefinalrevisionofthecapitalcityof
Montevideoarenegative

Chileisalsonolongerinfestedwithaegyptisothatin
thesoutherntwothirdsofthecontinentonlytheproblem
ofaegyptiinArgentinaremainsArgentinahasbeen
slowingettingstartedonaegyptieradicationbut
thiswasanticipatedin1947Itwasthenpredicted
thatthelasttwocountriestogetinterestedwouldbe
ArgentinaandtheUnitedStatesArgentinahasdefin
iteplansfortheorganizationoftheantiaegyptieradica
tionprograminApril1956

Peruhasnotreportedfindingaegyptiforsometimebut
thefinalrevisionshavenotbeenmadethere

Ecuadorhashadnoaegyptisinceabout1949or1950
exceptforasinglespotalongthefrontierwithColombia

Colombiaisestimatedtohaveitsprogramofaegypti
eradicationabouthalffinished

Venezuelahasbeenworkingonaegyptieradication
since1948butthecapitalcityofCaracaswasnotinclud
eduntilafterthearrivalofaninfectiouscaseofYellow

Feverin1954thefirsttoberecognizedinthecitysince
1914Undoubtedlytheantiaegypticampaignwillnow
beintensifieduntileradicationisachieved

Anotherimportantsituationdevelopedlastyearin
TrinidadSince1948thePanAmericanSanitaryBureau
hasbeenattemptingtocollaboratewiththeauthoritiesin
TrinidadintheeradicationofaegyptiTrinidadhadnot
hadanyreportedYellowFeversince1914butin1954
theyhadYellowFevernotonlyasajunglediseasewith



monkeysbuttheyalsohaditasanurbandiseasetrans
mittedbyAedesaegyptiandforthefirsttimein25years
aportintheAmericaswasdeclaredaninfectedportwith
YellowFeverasanaegyptitransmitteddiseaseThecost
andtheexpenseandthelossentailedbythisdeclaration
wasalmostunbelievablewithestimatesrunningashigh
as23000000ButinanycaseTrinidadandCaracasare
nowbeingcleanedupandwithinafewmoreyearsat
themosttheAmericancontinentshouldbecompletely
freeofaegypti

ComingclosehomePanamaandtheCentralAmeri
cancountriesareverylargelyfreeofaegyptiThereis
stillsomeaegyptiinGuatemalastillsomeinElSalvador
possiblyafewinHondurasbutallofthoseplacesare
beingworked

IntheIslandsitisnotedthatJamaicaPuertoRico
CubatheDominicanRepublicandHaitiareallactively
workingontheproblem

Themostdifficultaegyptiproblemsatthemomentare
thoseinMexicoandintheUnitedStatesYellowFever

hasbeenmovingupthroughCentralAmericainanepi
zooticwaveamongtheanimalssince1948Ithasmoved
throughPanamaCostaRicaNicaraguaHondurasand
GuatemalaIfitcrossesthisfrontierthediseasemight
wellbepresentasananimaldiseaseinMexicowithinthe
nextyearandahalfortwoyearsTherecentnewspaper
reportsofYellowFeverinMexicohavenotbeencon
firmed

Cubahasorganizedaseriousprogramfortheeradica
tionofaegyptiandonceHavanaandtheIslandofCuba
arefreeconsiderablepressuremaybeplacedonauthor
itiesintheUnitedStatetoundertakeeradicationhere

Themovementsince1948ofYellowFevervirusasan
advancingepizooticwavethroughPanamaCostaRica
NicaraguaandHondurastowardsGuatemalaandMex
icoandtheoccurrenceofbothjungleandurbanYellow
FeverinTrinidadin1954arebutthedramatichigh
lightstothecontinuousbackgroundofjungleYellow
FeveractivityinvariouscountriesofSouthAmericaand
allwithinafewhourstravelbyplanefromtheUnited
StatesThecontinuedpresenceoftheAedesaegyptimos
quitointhecitiesoftheUnitedStatesrepresentsnot
onlyapotentialdangerherebutasourceofreinfesta
tionbythismosquitoofneighboringcountrieswhichare
soactivelyengagedinacoordinatedcampaignforits
eradication

VerysoonafterDDTbecameavailablethelargest
geographicalareasinvolvedintheMalariaproblemin
theAmericasmadeseriousattemptstobringitundercon
trolTheUnitedStatesVenezuelaBrazilandArgen
tinaarefourcountrieswhichhavedoneatremendous

jobandhavereallymadeconsiderableprogressinthe
eradicationofMalariafromthelargestpartoftheAmer
icas

Venezuelahasanareaof80000squaremilesinwhich
nolocaltransmissionofMalariawasreportedduringthe
pastfouryearsBrazilsprogramisonascalefor1955
requiringthepurchaseofDDTamountingtoabout
1500000Argentinahascoveredpracticallyallofits
areaThereisstillsomeimportationofMalariafrom
BoliviaandsomeareaswhereepidemicMalariamayoc
curinthefuture

BritishGuianaisoneoftheoutstandingsuccesseswhere
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MalariahasbeeneradicatedandFrenchGuianahas
beenequallysuccessfulincompletelyeradicatingMalaria
ThereportsfromFrenchGuianaareverysimilartothose
oftheUnitedStatesinindicatingthatsuchMalariaas
occurstodaycanbetracedtoreintroductionimmediately
precedingtheinfection

Withoutgoingintodetailonotherindividualcoun
triesonecansaythatamongthetwochiefproblemsin
theMalariaeradicationareColombiabecauseofthe
difficultyoftheterrainandMexicoMexicowithapop
ulationof15or16millionpeopleinthemalariousareas
withsome2millioncasesandpossibly18or20thousand
deathsayearhasareallyseriousproblemAndMexico
isprobablythecountryoftheAmericaswhichhasleast
profitedfromthediscoveryofDDTandtheresidualin
secticides

Justduringthepastweektherehavebeenhighlevel
discussionsregardingthesituationinMexicoandthere
isconsiderableprobabilityofthefinancingandorganiza
tionofanationwidecampaignthere

ThesummaryofthereportthatDrCarlosAlvarado
ofArgentinamadeafewmonthsagoaftervisitingallof
theLatinAmericanareastorareconnaissanceofthe

problemofMalariaisquiteinterestingIn1950Dr
AlvaradohadmadeasimilarstudyforthePanAmerican
SanitaryBureauHisreportfor1954wasnotsooptimistic
aswasthereportof1950Itwasdemonstratedquite
clearlythattheDDTresistanceisnotlimitedtothe
Anophelesmosquitobuthasalsospreadtocertainminis
tersofFinancewhohavetofurnishmoneyforthemala
riacontrolprogramsHowevertheanalysisofthesitua
tionindicatesthatmorethanonehalfofthejobisbe
ingdonethatneedstobedoneforthecompleteeradica
tionofMalariaintheAmericas

ItisnotonlyintheAmericasthatthereistalkofthe
eradicationofMalariabuttheWorldHealthOrganiza
tioninotherregionsisstimulatingthesametypeprogram
thatisbeingplannedfortheAmericas

ThisjobisnotgoingtobeaneasyoneThosewho
knowtheconditionsunderwhichMalariaoccursthrough
outtropicalAmericarealizethesizeofthistremendous
taskItrequiresvisionitrequiresadministrationand
itrequiresmoneyinconsiderablequantitiesInsomecases
themoneyrequiredwillhavetobeconsideredascapital
investmenttobeliquidatedoveramuchlongerperiod
oftimethanthecampaignitselfrequires

ThePanAmericanSanitaryBureauandtheWorld
HealthOrganizationbothneedthesupportofthisAsso
ciationandthemembersoftheAssociationnotonlyfor
suchthingsastheeradicationofmalariaandofaegypti
butalsoforotherfunctionssuchasinternationalorgan
izationspartofthegeneralworldmovementofbetter
internationalunderstandingInthefieldofhealththere
isthepossibilityofcoordinatingactivitiesonanunder
standingbasiswhichisnotsoeasyforworkersfrom
otherfieldsThoseofyouwhowereherethismorning
heardMrMulrennansappealforconcertedactionwith
regardtoourmosquitoprogramsItisevenmoreim
portantthatwehaveconcertedactionbasedonunder
standingbythehealthworkersintheAmericasinsup
portoftheWorldHealthOrganizationandofthePan
AmericanSanitaryBureauandourinternationalpro
gram

IthankyouMrChairman



PROGRESSREPORTONBIOLOGICALCONTROL
OFAEDESALBOPICTUSSKUSEINHAWAII

STEPHENMKHuScDinHyg
ChiefBureauofMosquitoControl

DepartmentofHealthHawaii

ThecontrolofAedesalbopictuspresentsdifficulties
whereitbreedsinareasofforestandjunglebeyondthe
rangeofroutinepremiseinspectionAnattempttouse
biologicalcontrolisbeingmadeinHawaiionthistree
holeandcontainerbreeder

ThreespeciesofToxorhynchitesweretestedfortheir
suitabilityunderlocalconditionsToxorhynichitesbrevi
palpisfromSouthAfricaandTsplendensfromthePhil
ippinesbredwellintheinsectaryThypoptesfromPan
amawasdifficulttorearandthelaboratorycolonyofthis
specieswasdiscontinued

BothTbrevipalpisandTsplendenswerefoundto
mateandtoovipostreadilyincagesThelarvaewere
rearedtopupaeinsmallindividualstreptomycinbottles
AcultureofDaphniawasmaintainedtosupplyliving
foodtotheToxorhynchiteslarvaeThepupaeweregath
eredtopermitemergencetotakeplacewithcagesThe
lifecycleiscompletedinaboutonemonthThefemale
wasfoundtobeabletolayover400ovaandtobeable
tosurvivefortwomonthsinthecageTheadultswere
fedonadilutedsolutionofcornsyrup

Astockcolonyof10000Toxorhynchitesisbeingkept
intheinsectaryTheadultswerekeptforaboutfivedays
inthecagesafterthetimeofemergencesothatthefe
maleswouldbematedbeforebeingreleasedAbout500
adultswerekeptineachsquarecagemeasuringtwofeet
eachway

Theadultsarebeingreleasedinthevalleyandmoun
tainforestswherethereareabundanttreeholesand
otheravailablebreedingplacesAnaverageofathousand
adultsofeachspecieshasbeenreleasedeachmonthsince
March1954

Thesiteofreleasewhichwaschosenwasusuallynear
theheadofavalleyBatchesofabout500adultseach
werereleasedfromtimetotimeuntil10000havebeen
releasedateachsite

Recoveriesofimmaturestagesandadultsweremadein
twoofthethreevalleysbackofHonoluluinwhichthe
mosquitoeshavebeenreleasedItishopedthattheycan
becomeestablishedandbeofbenefittoourdaymosquito
controlprogram

AttemptstoestablishToxorhynchitesinfourother
islandsoftheterritoryarebeingcarriedout

Requestsforstockmaterialhavebeenreceivedfrom
variousislandsofthePacificareaLivinglarvaehavebeen
senttoTahitiAmericanSamoaNiuIslandGuamand
TrukHealthofficersoftheseislandsaretryingtointro
ducetheToxorhynchitesintheirterritoriesaspartof
theirmosquitocontrolandantifilariasisprograms

Itistooearlytoevaluatetheeffectivenessofthisproj
ectinbiologicalcontrolforAedesalbopictusinHawaii

ItisaquestionastohowwelltheTbrevipalpisand
Tsplendenscanestablishthemselvesinnatureunderour
localconditionsandhowwidelytheywillspreadfrom
theirsitesofrelease
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EXPANDEDGRASSLANDAGRICULTUREAND

THEMOSQUITOPROBLEM

AWLINDQUISTEntomologyResearchBranch
AgricultureResearchService

USDepartmentofAgriculture

Itissafetosaythatmostofthisselectgroupareacutely
awareofsomeoftherecentchangesinagricultureWe
knowthatanimprovedagricultureincludingincreased
foodproductiononthepresentavailableacresandbring
ingintoproductionpreviouslyarialandisnecessaryfor
theNationswellbeingandexpandingpopulationSome
ofthechangesinagriculturearecreatingproblemswhich
weasagrouparestrivinghardtosolveWearecon
cernedherewiththeimmenseexpansionofgrassland
farminganditseffectuponmosquitoproductionand
indirectlyonthehealthofthepeopleandtheireconomy

AsweallknowforseveralyearsAmericanfarmers
havebeenmakingashiftfromrowcropstograssland
farmingBygrasslandfarmingismeanttheplantingand
fertilizationofimprovedvarietiesofgrassesorlegumes
forhaycropsorforuseingrazingoflivestockGrassland
farmingispromotedandencouragedbyFederalandState
agenciesindustryandfarmorganizationsTheobjectives
ofthisprogramincludingsoilbuildingandincreaseof
foodforoncominggenerationswithconsequentgreater
profitsforthefarmerarehighlyimportanttoAmerica

Whenmanchangeshisactivitiesandenvironment
somenaturalchangesusuallyresultwhichoperatetohis
disadvantageAsanexampleinsectsinsomewayor
anotherappearandcausetroubleManyofourmost
seriouspestsarenativetoourcountrybutwereoflittle
importanceuntilwebegancultivatingthesoilandplant
ingcertaincropsThewheatstemsawflywasnotaserious
pestuntillargeacreagesofspringwheatwereplantedin
theNorthernGreatPlainsThechinchbugtheColorado
potatobeetlewirewormsseveralspeciesofaphidsand
manyotherinsectsbecameseriouspestsasthelandwas
broughtundercultivationTherehasalsobeenagreat
increaseinmosquitoesinareasthathavecomeunderirri
gation

Mosquitoeshavealwaysbeenaprobleminthiscountry
Theearlysettlersalongtheeasternseaboardsuffered
fromtheirattacksUntilrecentyearshoweverwewere
chieflyconcernedwiththemosquitoesthatcarrydiseases
suchasmalariaandyellowfeverTodaythesediseasesare
virtuallynonexistentinthiscountrysowearebecoming
moreawareoftheimportanceofmosquitoesaseconomic
pestsparticularlyastheyaffectmanlivestockandpoul
tryWearealsoconcernedwiththeirtransmissionof
somediseasesofmanandanimalsnotablyencephalitis

Improvedpasturesandhaylandsprovideidealcon
ditionsformosquitobreedingWetuncultivatedsoilis
apreferredplaceforovipositionbymanyspeciesofAedes
mosquitoesTheembryousuallydevelopswithinafew
daysandentersastateofdiapausewhichenablesitto
remainaliveformonthsInwarmweathertheeggshatch
almostimmediatelywhenfloodedandthelarvaedevelop
andemergeasadultsinlessthanaweekTillageasusually
practicedonrowcropsmaymakethesoilunfavorablefor
ovipositionordestroytheAedeseggspresentbutonun
disturbedpasturelandstheeggsaccumulateandsurvive
forlongperiodsFurthermorethemicrofaunaandflora
foundinwaterstandingingrasslandsserveasfoodfor
thelarvaeandprovideagoodenvironmentformosquito
development



Inareasofheavyrainfallwateraccumulatinginde
pressionsonunevenpasturesmakesthemexcellentmos
quitobreedingareasInaridareasirrigationhascreated
thesameproblemwherenonepreviouslyexistedInmany
pastureareasmillionsofmosquitoesareproducedbyeach
irrigationForexampleHusbands1953foundthat13
broodsofAedesnigromaculisLudlowdevelopedin
oneseasonatFresnoCaliforniaHealsofoundthatfrom
1to10millionlarvaewereproducedperacrebyasingle
flooding

Cultivationofriceandcottonalsocontributestothe

productionofAnophelesandCulexmosquitoesOther
prolificbreedingsourcesarevegetationchokedcanals
drainageditchesandtailendwaterwhichcannotbe
divertedintoadrainagesystemImpoundedwaterbe
hindlargedamsandtensofthousandsoffarmponds
fromcoasttocoastalsoarepotentialsourcesofmos
quitoesandbitingfliesAcostlymosquitocontrolproject
wasnecessarywhentheTVAprogramofimpounded
waterwasinitiatedThesebreedingproblemsarisesole
lyfromtheuseofwaterinagricultureandaretherefore
agriculturalproblemsinthesamesenseascropdiseases
andpests

Associatedwithgrasslandfarmingisalargelivestock
populationwhichprovidesmorefeedingopportunities
formosquitoesandhencemoreoftheseinsectsImproved
irrigatedpasturessupportmorelivestockperacrethan
nonirrigatedgrazinglandsTheannoyanceandtorment
tolivestockbymosquitoesandthelossescausedbythese
pestshavebeenunderestimatedbyfarmersandlivestock
menThefarmerhisfamilyandemployeesareawareof
theeffectofmosquitoesonthembutseldomrealizethat
mosquitoesreducetheweightgainsandmilkandeggpro
ductionoflivestockandpoultryManyfarmersdonot
knowthatlargernumbersofmosquitoesmayattackani
malsatnightthanduringthedaylighthoursLivestock
donotgrazeproperlywhenfightingmosquitoesforlong
periodsoftime

Wehaveafewauthenticrecordsofmosquitoeskilling
livestockBishop1933obtainedverificationofthe
deathof80cattle67hogs3horses1mule20chickens
and2dogsduetohordesofPsorophoracolumbiaeDyer
andKnabnearMiamiFloridaSincepostmortem
studiesfailedtorevealmosquitoesintheanimalsair
passagesitappearedthatdeathwasprobablycausedby
lossofbloodalthoughthetoxinsinjectedbythemos
quitoesnodoubtcontributedtotheirdeath

Mosquitoestransmitcertaindiseasesofhumansand
animalswhichtakeaheavytollinsicknesslossoflife
andeconomiccostsEncephalitisisendemicandthere
foreaconstantthreatinCaliforniaandseveralpartsof
theUnitedStatesCulextarsalisCoqthemostim
portantvectorofencephalitisbreedsinvarioussitua
tionsespeciallyinolderirrigatedpasturelandsthathave
settledandwherepondsordepressionshaveformed
Husbands1953hasshownthatthisspeciesincreases
inabundanceasirrigatedpasturesageItscontrolises
sentialtoreducetheincidenceofencephalitisandis
thereforeofimportancetoallofus

Letusexamineforaminutethestatisticsonrecent

increasesintheacreagesunderirrigationtakenfromthe
1950CensusofAgricultureTable1Wecanassume
thattheseincreasesreflectpotentialproductionofmos
quitoesIn1939approximately18millionacreswere
underirrigationintheUnitedStatesBy1949thisacreage
hasincreasedtonearly26millionorabout43percent
Approximately94percentoftheseirrigatedacreswere
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inthe17westernstatesApproximately10millionacres
or40percentofthetotalirrigatedlandwereinhay
cropsandpasturesNotethatthehaycropsexcludesor
ghumandannuallegumesItislikelythatthe1955Cen
susofAgriculturewillindicateabout15millionacres
ofirrigatedpastureandhaycrops

IrrigationauthoritiesstatethatMissourisirrigated
acreagehasleaped440percentinthelastfouryears
Kansashasdoubledtheacresunderirrigationduringthe
lasttwoyearsThistrendismovingforwardthroughout
theMidwestIn1952Californiahadapproximately
1200000acresofirrigatedpasturesabout800000of
whichwereimprovedThisrepresentsanincreaseofap
proximately70percentduringthelast13years

Althoughnotstrictlygrasslandfarmingricecultureis
responsiblefortheproductionofenormousnumbersof
mosquitoesItisnotsowellknownthatirrigatedcotton
fieldsalsoproducemosquitoesundersomeconditions
Riceisproducedon425000acresandcottonon1400
000acresinCaliforniaApproximately2millionpeople
including100000farmfamiliesinthecentralvalleys
aredirectlyaffectedbytheseinsectsTheupswingofirri
gationinCaliforniahasbeenaccompaniedbyanincrease
inthenumberofmosquitocontroldistrictsofwhichthere
arenow50expendingatotalofover3milliondollars
annuallyMuchoftheeffortsofthelocaldistrictsisdi
rectedtowardinsecticidalcontrolofmosquitoesonthe
landsoffarmerswhocouldhavegreatlyreducedtheir
productionbybettermanagementofwater

Inrecentyearstheacreagedevotedtoimprovedpas
turesandhaylandshasincreasedenormouslyinthe
SouthernandSoutheasternStateswherethemoderate
tohighrainfallmakesonlysupplementalirrigationneces
saryIn1925Georgiahadonly900000acresingrassland
cropsbutby1952theacreagewas6000000Significant
increasesinpasturelandshavealsooccurredinother
southernstatesMosquitoescancausetroubleonim
provedpastureswhenrainfallisheavy

Inmyopinionmanyfarmersfarmorganizationsoffi
cialsofirrigationdistrictsandStateandFederalagri
culturalofficialshavenotbecomearousedtothelosses
thatmosquitoesarecausingongrasslandsThereareindi
cationshoweverthattheimportanceoftheproblemis
beginningtoberecognizedandmoreattentiongivento
therelationbetweenirrigationandmosquitoproduction
inareaswherediseasesareinvolved

Importantresearchontheecologyofmosquitoesin
irrigationpasturesisunderwayinCaliforniaMrHus
bandsandassociatesoftheBureauofVectorControlare
studyingthelifehistoryhabitsanddevelopmentof
variousspeciesona12acreirrigatedpasturenearFresno
Theeffectofthenumberofirrigationsspreadanddepth
ofwatersettlingofthelandvegetationandgrazingof
livestockonmosquitopopulationsisbeingstudiedona
continuousannualbasisSuchstudiesshouldbeexpanded
tocoverdifferenttypesofirrigatedfarmingnotonlyin
CaliforniabutinotherstatesTheUSPublicHealth
ServiceisconductingstudiesinirrigatedpasturesinNe
braskaMontanaandUtahwherediseasesarecarried
bymosquitoesbutnotontheothereconomicaspectsof
themosquitoproblem

ArecentcircularentitledMosquitoControlonthe
FarmbyBaileyBohartandBooher1954contains
valuableinformationonmosquitoesandiswellillus
tratedIfthefarmerswillfollowtherecommendations
giveninthiscirculartheywillreducemosquitotrouble
notonlytothemselvesbuttotheirneighbors



Inthesimplesttermscontrolofmosquitoesisamat
terofpreventingstandingwaterbutpracticalconsider
ationsoftenthwartcontroleffortsEventhoughlandis
carefullyleveledandpreparedforpastureorhaycrops
somesettlingusuallyoccurscreatingdepressionswhich
holdwaterandbreedmosquitoesRegardlessofthecare
takeninpreparinglandforseedingsituationsarisewhich
causewatertostandCattlegrazinginwetpasturescom
pressthesoilthusmakingnewdepressionsorincreasing
thesizeofoldonesWateraccumulatinginsuchdepres
sionsmaybreedmosquitoesinenormousnumbersbut
thefarmerusuallyconsidersitimpracticaloruneconom
icaltoplowandrelevelhisfieldsintheinterestofmos
quitocontrolFurthermoreheisgenerallyunwilling
becauseofthecosttouseinsecticidesThisattitudeis
theruleratherthantheexceptioninmanyoftheirri
gatedareasinourwesternstatesTheonlyimmediate
remedyisacommunitycontrolprogram

Sinceresearchforfarmersisusuallyconductedbygov
ernmentalagenciesitisnecessarytolooktowardthese
agenciesforassistanceandleadershipinconductingin
vestigationalworkTheyshouldmakethreemajormoves
1Encouragethegrowertousewaterinsuchawayasto
preventmosquitobreeding2disseminatethroughex
tensionservicesinformationnowavailableonmosquito
controlandurgeitsutilizationwherepracticableand
3initiatebroadresearchprogramsbyentomologists
chemistsirrigationengineersandlandusespecialists
Theentomologistsshouldstudytherelationshipsofmos
quitoestotheenvironmentincludingfoodoviposition
andflighthabitsofthevariousspeciesunderdifferent
irrigationsoilandcropconditionsThesestudiesshould
beconductedwithaviewtowardfindingweaklinksin
thebiologyofthemosquitoeswherebycontrolcanbe
facilitatedTheyshouldgivespecialemphasistocontrol
bymeansofinsectdiseasespredatorsattractantsand
trapsaswellasinsecticidesTheentomologistsworking
withirrigationengineerssoilscientistsandothersshould
studymethodsofpreventingwaterfromstandinginfields
andditchesTheresearchshouldincludeproperdrain
agepreventionofsinkingoflandandformationof
poolswaterholdingcapacitiesofvarioussoilsfrequency
ofirrigationforanytypeofpastureorcropearlyspring
orlatefallirrigationbeforemosquitoesbecomeactive
andrelationshipbetweengoodirrigationpracticesand
bestcroppractices

TheEntomologyResearchBranchoftheUSDepart
mentofAgriculturehasbeeninterestedinexpandingre
searchonpasturebreedingmosquitoesforseveralyears
Regularappropriationsforthisresearchareallottedonly
totheCorvallisOregonlaboratoryOnlyonefulltime
entomologistcanbesupportedbytheallotmentsoyou
canseethattheamountisnotinkeepingwiththeneed
forresearchOurOrlandoFloridalaboratorywhich
operatesonfundssuppliedbytheDepartmentofthe
Armyiscarryingoutimportantresearchonmosquito
controlasitpertainstotheArmedServicesbutexcept
fortheinsecticidedevelopmentstheresultsdonotcon
tributemuchtothesolutionoffarmmosquitoproblems

DuringthepastyeartheSoilandWaterConservation
ResearchBranchoftheDepartmenthasemployedone
manparttimeforasurveyofirrigationanddrainage
practicesinMontanaandasecondmanforworkonirri
gationpracticesinrelationtothemosquitoproblemin
thecentralvalleyofCaliforniaThisworkneedstobe
expandedandcoordinatedwithentomologicalandother
linesofresearch
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Sincemosquitocontrolisofprimeinteresttothemem
bersofthisAssociationitbehoovesallofustodiscuss
ateveryopportunitywithagriculturalleadersandmem
bersoflegislativebodiesatcountyStateandNational
levelstherelationshipofirrigationandmosquitopro
ductionpointingouttheproblemsinvolvedandthe
needtosolvethemGiventhefactstheseleadersshould
recognizetheirimportancetoprosperityofthenation
Itisthenreasonabletoexpectthattheywillsupportthe
researchweknowshouldbedone

TABLE1Acresofirrigatedpasturesandlandinfarms
in17WesternStates

Irrigatedlandinfarms
Acres

State 1949 1939193949 1949 1939

Arizona

Calif
Colodo

Idaho

Kans

Mont

Neb

Nevada

NMex

NDak

Okla

Oregon
SDak

Texas
Utah
Wash

Wyom

963560
6438324
2872348
2137237
138686
1716792
876259
727498
655287
35294
34071
1306810
78069
3131534
1137995
589035
1431767

575464 674

4276554505
2467548 164

1895048 128

82872 673

1587602 81

473775 850

755636 37

436402 502

19975 767

44376679
1030228 268

54073 444

8946382500
911135 249

493982 192

1284027 115

Acresofirrigated
haypluspasture

excludingsorghum
andannuallegumes
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TRENDSAPPARENTINVECTORCONTROL
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THEBROADENINGCONCEPTOFVECTORCONTROL

Thesamebasicforceswhichhavebeenresponsiblefor
thecontinuingevolutionofconceptsandpracticesinpub
lichealthincludingsanitationhavehadasimilarim
pactonvectorcontrolduringthepostwarperiodTechno
logicadvanceschangesinproblemsandthesocioeco
nomicprogressoftheAmericanPeoplehaveallbeen
prominentinfluences

Thistrendhasmanifesteditselfinfourdistinctphases
Thefirstphaseisoneofexpandingscopeofvectorcon
trolintermsofprogramoperationasexemplifiedbythe
fiveprogramelementswhichareadministrativelyrecog
nizedbytheBureauofVectorControlCaliforniaDepart
mentofPublicHealthTheseare1Mosquitoand
gnatcontrol2flycontrol3rodentcontrol4ecto
parasiteandmiscellaneouspestcontroland5refuse
storagecollectionanddisposal

Thesecondphaseisoneofbroadeningsocioeconomic
purposeanincreasingawarenessthatdiscomfortand
economiclossaswellasdiseaseincombinationmake
upthecaseformanscontrolofvectors

Thethirdphaseisadevelopingappreciationofthe
needforresearchwithspecialemphasisoncradleto
thegraveknowledgeofthebiologyofvectorandpest
speciesandonthebroadecologyofpreventivemeasures
themselves

Thefourthphaseistheconceptofpreventionorsource
controlandthealliedconceptofconservation
PREVENTIONORSOURCECONTROLANDCONSERVATION

Thepreventionofvectorproblemsbynaturalistic
measureshasbeenalongsoughtobjectiveofvectorre
searchersandofcontrolworkersservingasprospectors
Theutopianobjectiveoflettingnaturesolvetheseprob
lemsfollowingmansintroductionofmicroormacro
predatorsorbyencouragingtheinducedornaturalalter
ationoffoodsupplyandshelterhasalonghistoryof
failureasacureallItalsohasmetwithpartialsuccess
asevidencedforexamplebythevalueoflarvivorousfish
inhighlyselectivesituationsandtheshadingofwater
todiscouragesunlovingAnopheleslarvae

Thosewithanadequateunderstandingofthehost
predatorandfoodshelterpopulationrelationshipsfully
appreciatethatthesenaturalforcesworktowardanequil
ibriumandholdforthlittlehopeforbroadscalebiologic
controlmethodsofanenduringnaturewhichwouldsolve
thewholeproblemThisdoesnothoweverdecrythe
significanceofbiologicmethodsassupplementarytools

Ofthepresentmaininterestisthepreventionofvector
problemsbyadjustingmanspracticestoavoidthecon
ditionswhichgiverisetothemandthecorrectionof
existingproblemsbymeasuresservingothereconomic

1ThispaperisanelaborationofonepartoftheThirdAnnual
ReportoftheCommitteeonVectorControlEngineeringSec
tionAmericanPublicHealthAssociation1954Principal
contributorstothepartinvolvedarelistedascoauthorsThe
fullcommitteemembershipincludesDrsGeorgeBradleyand
FEGartrellandMessrsHLFelltonWEGilbertsonT
AOlsonandFHStutz

21954AnAnalysisofVectorControlBureauofVectorControl
DivisionofEnvironmentalSanitationCaliforniaDeptofPub
licHealthBulletinM323pp
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purposesThisalsohasahistoricbackgroundinglobal
vectorbornediseasecontrol

Theimpetusalongtheselinesislargelyconcentrated
inareaswheremanmadeproblemsexceedorpotentially
exceedvectororpestproductionfromnaturalsources
Forexamplethegreatexpansesofsaltmarshmosquito
productionareaswhichexistinsuchstatesasFlorida
LouisianaNewJerseyandTexastendtolimitinterest
inpreventiveactivitiesasmainobjectiveseventhough
minorbenefitsfromworkperformedforotherpurposes
canbecitedHowevertheexpandingpopulationand
vigorouseconomicdevelopmentoftheUnitedStatesare
constantlyincreasingtheextentandrelativeimportance
ofmanmadeproblemswhilemushroomingsuburban
developmenttendstobringmanintocloserproximityto
vectorsofmanytypesandfrommanysourcesThesesame
growthfactorsalsotendtoexpandthelistofopportun
itiesforthecorrectionofproblemsbyotherpurpose
work

Ofprimaryinterestinsourcereductioninirrigated
areasistheapplicationofconservationirrigationprac
ticeswithmosquitocontrolasanextradividendover
andabovetheothereconomicbenefitsresultingfromthis
practiceIrrigationinaridandsemiaridareasiscom
monlyresponsibleformostandsometimesforallstand
ingwaterandmosquitoproductionThecontinuingex
pansionofirrigatedacreagesintheseareasaddsconstant
lyandsubstantiallytotheproblemElsewherethere
centrapidgrowthofsupplementalirrigationinthe
easternhumidstatesandthemajorexpansionofirri
gatedriceacreagesintheMississippiValleyandGulf
Coastareashavecreatedimportantmosquitoproduction
problemswhichmaybecomefarmoresignificantandex
tensiveinthefuture

Thoseofyouwhoknowfarmersandespeciallyspecu
lativefarmersasmanyofyoudoarewellawarethat
utopiainwatermanagementpracticesonthefarmwill
notbereachedthisyearorprobablyeverTheroadto
thegoalofcooperativepreventionorofpermanentabate
mentisalonghardpulljustasisanyothersanitation
accomplishmentbeiturbansuburbanorruralinsetting

Atthesametimeitisunwisetosellagricultureshort
inviewofthedynamiceconomicprogresswhichistak
ingplaceeachyearinfarmmanagementpracticesCumu
lativeaccomplishmentsoveraperiodof10to20yearsare
littleshortofamazingProspectsforsuccessinconser
vationirrigationareprimarilybasednotonthefactthat
mosquitoreductionisobtainedbutthatthefarmers
pocketbookisbenefitedexceptingofcoursethatofthe
shorttermspeculativelandrenter

Moreoverwherewouldwebetodayinsanitationif
thirtyorfortyyearsagothegreatdifficultieswhichfaced
usinthepromotionofbetterexcretadisposalhadledus
todiscardpublicandhomeseweragesystemsinurban
andruralareasasaninfeasibleobjectiveandwehad
perhapsconcentratedinsteadonrefiningandpromoting
theboxandconprivyandthenightsoilscavengersys
temThefactthatmanyinsanitaryexcretadisposal
facilitiesstillexistinthiscountrydoesntdetractfromthe
greatprogressandbenefitswhichhavebeenrealized
frompermanentsanitaryfacilities

Althoughthecaseforconservationasoneofthemain
methodsofmosquitoreductioniswellfoundedinCali
forniatheissueisevenmoreclearcutintheirrigated
areasofsomeothersemiaridstateswherepeopleandtax
ablewealtharefarmorethinlydistributedTheissuein
Californiaistostrengthenexistingmosquitocontrolpro



gramswithamoreeconomicandmoreeffectivearma
mentariumEventhoseofyouwhocarryonlargescale
chemicalcontrolmaysupportandpracticepermanent
sourcecontrolinallitsphasesasaprerequisitetoeffective
controlofhousefliesatdairiesandchickenranchesby
basicsanitationwithsupplementalchemicalcontrol
measures

Theissueinmanyoftheseotherareasisthatthere
simplyarenoadequateeconomicorpopulationbaseson
whichtobuildorganizedlocalmosquitocontrolpro
gramsAtthesametimethereisneedforcheckingthe
spreadinextentofacutemosquitonuisanceconditions
anddiseasehazardsarisingfromthemismanagementof
waterFollowingthephilosophythathalfaloafisbetter
thannonetheonlytoolwhichappearstoofferpromise
isconservationirrigationpromotedbyagriculturecar
riedoutbythefarmersthemselvesformultipurpose
benefitandaidedbythethinlyspreadservicesofmos
quitopreventionspecialists

Returningtothemainthemetherearetwocommon
threadswhichtietogetherthevariousfacetsofthepre
ventiveconservationconceptThefirstistheeconomic
threadPreventivemeasuresareindicatedbecausethey
notonlyarelessexpensiveinthelongrunthancorrective
measuresieconservationirrigationCurrentinterestin
thecompostingofmunicipalrefusewithancillaryfly
controlbenefitsisanotherexampleofaconservation
measurewhichrestoresnaturalresourcesaccomplishes
vectorpreventionandattimesmayreturnadirectfinan
cialprofitTheperiodicfluctuationofwaterlevelsin
artificialstreamimpoundmentsprovidesanexcellentex
ampleofanothertypeofpreventivevectorcontrolwhich
oftenmaybeperformedwithouteconomiccostorat
leastwithoutaddedcostwhenintegratedintooverall
watermanagementplans

Thesecondthreadisconcernedwithdecentralization
ofresponsibilityalongthecharacteristiclinesfollowedby
thepublichealthmovementintheUnitedStatesAslong
asvectorcontroliscarriedonasatacticalattackasex
emplifiedbyamosquitoabatementdistrictwithbatteries
offoggingmachinesairplanesandspraytrucksresponsi
bilityforallphasesofvectorpreventionandabatement
tendsinthepublicmindtogravitatetothemanage
mentofthevectorcontrolorganizationAsenseofre
sponsibilityforthepreventionorpermanentelimination
ofvectorproductiononthepartofprivateproperty
ownersmaintainingpublicnuisancesisanesthetizedby
thebackstoppingactivitiesofthemosquitokillers

Theconceptofpreventionisbasedontheapproach
thatvectorsaresymptomsofenvironmentaldelinquen
ciesandthattherealplaceofvectorcontrolliesmorein
alteringthecausethanindealingprimarilywiththe
effectanditsspecificaspectsofsuppressionofimmature
oradultArthropodsItisincompleteharmonywith
theslogansanitationasawayoflifebuthasmany
overtonesofitsownInaccordancewiththisconcept
themainroleofthevectorcontrolorganizationwould
consistoftechnicalandeducationalservicesincoopera
tionwithothergovernmentalagenciesprivateandpub
licorganizationindustriesespeciallyconstructionand
individualsespeciallyirrigationfarmersinguidinghu
manendeavorsinvolvingwaterusagehousingandpopu
lationlocation

Mosquitocontrolisstillthemainactivityofmostor
ganizedlocalVectorControlOrganizationsIntheUnit
edStatesmanyoftheseorganizationsareentitieswhich
areindependentofthelocalHealthDepartmentTheir

27

annualbudgetsfrequentlymaygreatlyexceedthoseof
thelocalHealthDepartmentsIntegrationwithPublic
HealthAgenciesmayoccurintheStateHealthDepart
mentasisthecaseinCaliforniaFloridaandVirginia
andvaryingdegreesofliaisonmaytakeplacewiththe
localagencies

Thejustificationforthisorganizationalsegregation
fromthelocalHealthDepartmentisreadilyunderstand
ablewhereorganizedVectorControlOrganizatonsfunc
tionasmajorpublicworksdepartmentsusingfirefighting
tactics

Howeverthetrendinsomeareastowardshiftingthe
emphasisfromcontrolofeffecttocontrolofcausewith
concurrentveeringawayfromdirectoperationsbythe
VectorControlOrganizatontowardaneducationalper
suasivecoordinationenforcementtypeofprogramaligns
itcloselywiththelocalHealthDepartmentinprogram
patternItalsotendstowardreducingthemagnitudeof
appropriationsAtthesametimethedeclineofmos
quitobornediseasesrisingstandardsoflivinganden
largedconceptsofpublichealthvariouslyhaveledto
theconceptthatMosquitoControlAgenciesshouldcon
cernthemselveswithallvectorsInterestinhouseflycon
trolparticularlyhasbecomeprominentandpressurefor
flealouseandotherArthropodcontrolactivitieshas
appearedinparticularlocalitiesTheestablishmentofa
BureauorDivisionofVectorControlinlocalHealth
Departmentshasbeentriedtomeetthedemandforan
expandedcontrolprogramandtherealsohasbeena
demandforlocalMosquitoControlAgenciestoexpand
theiroperationstoafullvectorcontrolprogram

Underthesecircumstancesthereisastrongcasefor
themergerofVectorControlOrganizationsandlocal
HealthDepartmentsintoasingledepartmentwithad
vantagetobothprogramsinmanysituationsNotthe
leastofthesewouldbethestrengtheningofsanitation
programsinlocalhealthworkbyimprovementinthe
caliberandsizeofstaffandbytheinfluxofnewideasand
standardsForthemostpartthefieldofsanitationlacks
clearindicesoflevelsofrelativesanitationparticularly
nowthatthecommunicablediseaseindexisfleetingin
manyareasThepopulationlevelsofvariousvectorspe
ciesprovideinmanyplacesausefulindexofoverall
communitysanitationstatusConservationobjectives
mightwellbebuiltintotheHealthDepartmentProgram
especiallyinthefieldofsolidorganicwastes

Suchintegrationofnecessitycantakeplaceonlygrad
uallyandonlywhereandwhenthebroadsocioeconomic
ecologyofvectorproblemsencouragesshiftsinemphasis
towardmixedpreventiveandpermanentcontrolprin
ciplesThismarriagecansucceedonlythroughjointac
ceptanceandadjustmentLocalHealthDepartmentsand
MosquitoAbatementDistrictshaveamutualresponsi
bilitytoadjusttheirphilosophiestablesoforganization
andpracticesinthecommoninterest

Thealternativeiscontinuedorganizationalseparation
Thehighlyspecializednuisancemosquitocontroldistrict
organizationinanareawherenonpreventivemeasures
areecologicallyindicatedmightwellcontinueasasepar
ateorganizationHoweveritwouldseeminadvisableon
groundsofpublicpolicyforsuchdistrictstospreadtheir
wingsovertheentirefieldofvectorcontrolSuchagencies
mightexpandtheiractivitiestoincludeallinsectswith
dominantlynuisancecapabilitieswhichrequireaspecial
izedcontroleffortandadverselyaffecttheeconomyof
theregionButthecontrolofdiseasevectorsisarespon
sibilityofthelocalHealthDepartmentandthereare



administrativeandjurisdictionalreasonsagainstMos
quitoAbatementDistrictstakingoverHealthDepartment
functionsjustastherewouldbeagainsttheirtakingover
agriculturalpestcontrolfunctionsInmanycasesan
interagencycontractbywhichtheMosquitoAbatement
AgencydoesspecifiedoperationsforthelocalHealth
Departmentandviceversawouldappeartobealogical
arrangementandwouldavoidduplicationofpersonnel
functionsequipmentandoperations

THEUNITEDSTATESPARTICIPATIONIN
INTERNATIONALMALARIACONTROL

PROGRAMS

DONALDRJOHNSON
ABSTRACT

DuringWorldWarIItheUnitedStatesbegangiving
variousnationsrealassistanceinmalariacontrolcam
paignsAtpresenttheUnitedStatesisassistingmalaria
controlprogramsinmanycountriesthroughtwoprin
cipalchannelsnamelyUnitedNationsanditsagencies
andtheForeignOperationsAdministration

TheUnitedNationsagenciestowhichtheUnited
StatescontributesincludetheWorldHealthOrganiza
tionUnitedNationsChildrensFundandUnitedNa
tionsTechnicalAssistanceTheseagenciesfurnishtech
niciansandsuppliesformalariacontrolprogramsin
manycountriesoftheworld

TheForeignOperationsAdministrationistheUS
agencychargedwithadministeringallUnitedStates
foreignaidprogramsandatpresentisprovidingmalaria
controlassistanceincludingtechniciansandnecessary
commoditiestomanyeconomicallyunderdevelopedcoun
triesofthefreeworldAtpresentthemajorprograms
andthenumberofpersonsprotectedareasfollows

India 110000000
IndoChina 3000000
Indonesia 3000000
Iran 4000000
Liberia 53000
Nepal 300000
Pakistan 8000000
Philippines 6300000
Taiwan 5500000
Thailand 4500000

Total 144653000
AssociatedStatesofCambodiaLaosandVietnam

Someofthehighlightsofthe1954controlprograms
areasfollows

1InIndiamorethan110000000peoplearenow
receivingprotectionagainstmalariaintheworldsgreat
estresidualhousesprayingprogramTheUnitedStates
suppliedIndiain1954withmorethan14000000pounds
ofDDT75wettablepowderforcontrolpurposesIn
cludingIndiathenumberofpersonsnowprotected
againstmalariainthemajorprogramsreceivingdirect
UnitedStatesaidisestimatedtobe144653000FOA
providedapproximately22000000poundsofDDT75
wettablepowderfortheseprograms
2FurtherstudiesofAnophelesresistancetoDDT

weremadeInIndonesiaAnophelessundaicusapparent

1EntomologistDivisionofInternationalHealthPublicHealth
ServiceUSDepartmentofHealthEducationandWelfare
WashingtonDC
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lyhasacquiredhighphysiologicalresistanceintheadult
stageintwoareasofJavaDieldrinisatpresentcontrol
lingthisspeciesintheareaswhereresistanceispresent
3OperationMercyanemergencyfloodrelief

missiontoEastPakistandemonstratedtheabilityofthe
UnitedStatestoinstituteemergencymalariacontrol
measuresinremoteareasoftheworldwithinseveraldays
ofreceivinganappealforhelp
4Specificationsforinsecticidesandsprayingequip

mentusedintheprogramsweregreatlyimprovedthereby
raisingworldwidestandardsforthesecommoditiesin
sofarasmalariacontrolisconcerned

INDIASNATIONALMALARIACONTROL
PROGRAM

ATWOYEARPROGRESSREPORT

FREDWKNIPE

DivisionofMedicineandPublicHealth
TheRockefellerFoundationandtheMalaria

InstituteofIndia

Indiahasembarkeduponaprogramtoreduceand
graduallytoeliminateitsgreatestpublichealthenemy
malariaThisisahugeundertakingIndiaisatropical
countrycovering1221072squaremilesandthegreater
partofitsareavariesfrommildlytointenselymalarious

Indiasrainfallingeneralmaybeconsideredmedium
averagingforavastportionofthecountryfrom30to40
inchesannuallybutitvariesfromlessthan10tomore
than200inchesPracticallyalltheraincomesduringthe
shortmonsoonseasonoftenaccompaniedbyviolently
heavystormswhichleavebehindimmensefloodedareas
Intheresultantlargeandsmallcollectionsofwatermos
quitoesdevelopabundantly

ButmonsoonsalonearenotresponsibleforIndias
malariaproblemInagenerallydrycountrywhererain
fallisseasonalandheavysomemeansmustbefoundto
conservewaterforagricultureforindustryandforpower
developmentduringthenonmonsoonmonthsForcen
turiesfarmershavecarriedonthepracticeofcollecting
runoffwaterinhugepoolscalledtankswhichare
oftenaslargeassmalllakesThesefrequentlybecome
mosquitodevelopmentpocketswhichmayresemble
marshesHoweverinonerespectIndiaisfortunatein
thatpermanentswampssooftenthesourceofmosquitoes
inothercountriesarerarelyfound

Thereareothermoresinistersourcesofmosquitoes
Thesearecloselyrelatedtotheagriculturalandindus
trialprogressofthecountrynotablytheimpoundment
reservoirswherewaterisstoredforirrigationandfor
powerdevelopmentTheseimpoundmentsinthemselves
arenothighlypotentialdevelopmentareassincemost
nativeanophelinesseemtoshundeepwaterButwater
fromtheimpoundmentsflowsonwardgeneratingpower
irrigatingvastareasthroughouttheyearandalltoofre
quentlybringingaboutmalariogenicconditions

Inthepasttheconstructionofanirrigationnetwork
wasoftenaccompaniedbyanenormousincreaseinthe
mosquitopopulationThiswasduealmostentirelyto
faultyconstructionmethodsinthedistributionsystem
wherevastexpansesofwhathasbecomeknownasun
tidywaterwerecreatedwaterwhichisaparadisefor
mosquitoesOftenthehazardsofmalariaresultingfrom
irrigationsystemswereasgreatasthebenefitsderived
fromthemRailwayandhighwayconstructionactivities



mustsharesomeoftheresponsibilityforcreatingmos
quitobreedingplacessincethesepublicworksimprove
mentsalsohavecreateduntidywater

Fortunatelyduringrecentyearsthissituationhasbeen
improvingPublicworksengineershavebecomemore
publichealthmindedwiththeresultthatinnewerproj
ectsattentionisbeinggiventotheavoidanceofuntidy
waterManyprojectssuchasthevastDamodarValley
CorporationDevelopmenthavequalifiedmalariologists
asstaffmembersMostofthemreceivedtheirtrainingat
theMalariaInstituteofIndiawheretrainingprograms
inpublichealthhavebeencarriedonforyears

Onlyrecentlyfarreachingagreementsonprocedures
forbuildingmultipurposepublicworksprojectsinaway
thatwouldeliminatemalarialconditionshavebeenap
provedbyanappointedCoordinatingCommitteeof
IrrigationandPowerDevelopmentEngineersandmem
bersoftheMalariaInstituteThisisconsideredavery
importantadvancetowardthecontrolofmanmademos
quitobreedingareasthroughoutthecountryIndiahas
hadalongepidemicandendemicmalariahistorybe
ginningnooneknowswhenasisthecasewithdisease
historieseverywhereUntilrecentlythenumberofcases
hasbeenapproximatelyonehundredmillionperyear
Anestimatedonemillionofthesedieddirectlyfromthe
diseaseandasimilarnumbersuccumbedfromindirect

effectsThiswasindeedahighproportionofthetotalan
nualdeathratefortheentirecountryandrepresented
about20percentofthosedeathsreportedasbeingcaused
byfevers

Withinthisvastcountrythenumberofdeathsfrom
malariavariesgreatlyfromonesectiontoanotherThe
hyperendemicandendemicregionsarerepresentedby
UttarPradeshBiharBengalMadhyaPradeshOrissa
BombayandMadrasBecauseoftheirpreferencefor
foothillwateroffreshrunningstreamsthemosquitoes
AfluviatilisandAminimuspredominateintheseareas
causingseverecasesofmalariathroughouttheyear

Territoriesrepresentingmoderateendemicityinclude
theIndoGangeticdeltathePunjabandMysoreThese
areasinwhichmalariaismoreoftenofpostmonsoon
originaresubjecttoperiodicepidemicsofmildtosevere
proportionsinwhichAculicifaciesisthepredominating
vector

AphilippinensisistheprincipalvectorinWestBengal
Inthisareamalariahasbeenontheincreaseinrecent
yearsprobablybecauseoftheuntidywaterleftbehind
bysuchmodernimprovementsasnewroadsrailroads
andvastlyextendedirrigationsystems

ThevectorAstephensipredominatesincertainareas
alongtheWestCoastbuttheseareasarelimitedandof
moderateendemicity

Aculicifaciesisbyfarthemostwidespreadvectorand
unquestionablytransmitsthemostmalariaAfluviatilis
isperhapsthenextandcausesthemostintensiveepidemic
malariadissectionsofAfluviatilisshowthatsometimes
asmanyas263percentofthesemosquitoesarecarriers
AminimusAstephensiAphilippinensisandAsun
daicusfollowprobablyinthatorderAsundaicusispar
ticularlytroublesomeintheAndamanIslands

Theravagesofdiseaseattributabletothesemosquitoes
isalmostincalculableSintonin1935estimatedthatthe
financiallossalonewasmorethanthreebilliondollars
yearlywithoutconsideringotherlossessuchashuman
debilityanddeathThistremendousburdenwasrecog
nizedasaforemostobstacletoadvancementinpractically
everywalkofIndianlifeparticularlyagriculturalde
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velopmentuptothetimeoftheconceptionoftheNa
tionalMalariaControlProgramin1953Earlyinthis
programitwasestimatedthat30millionpersonswere
beingprotectedagainstmalariainthecountryandthat
another170millionrequiredprotection

Previousattemptsatcontrolmeasuresbeginningin
1845ledgraduallytotheuseofDDTin1944bythe
armedforcesinIndiaandsincethentheutilizationof
syntheticinsecticideshasbeenontheincreaseVerylittle
larvicideandPyrethrumonceinwidespreaduseisem
ployedtodayDuringrecentyearsclosewatchhasbeen
maintainedforthepossibledevelopmentofAnopheles
tolerancetoDDTbutnosuchresistancehasbeenre
corded

TheproblemofnationwidemalariacontrolinIndia
hasbeenestablishedasanenormoustaskinpublichealth
onewhichrequireslargeoutlaysofcapitalsuppliesand
equipmentControlofthisdiseasecouldveryreasonably
beconsideredoneofthebuildingstonesinIndiasFive
DevelopmentProgramAnopportunitytodevelopsuch
anundertakingpresenteditselfwhenthePointFourIndo
AmericanAidProgrambecameeffectiveThefirstsug
gestionthatsuchaplanbeestablishedwasmadebyDr
RBWatsonofTheRockefellerFoundationwhohad
consultedwithandsecuredtheapprovalofDrsBARao
ofMysoreandDKViswanathanofBombaybothold
handsinthegameofmalariacontrolinthecountry
Thesummarizedopinionofthesethreeinterestedparties
waspresentedtothethenAmericanambassadorChester
BowleswhointurnconsultedwiththegovernmentMin
istryofHealthTheoutcomewasthattheMinistryof
Healthsubmittedacomprehensiveprogramablydrafted
byColonelJaswantSinghoftheMalariaInstituteand
recommendedasaprojectbytheCoordinatingCommit
teeforconsiderationbythePlanningCommissionItwas
finallyestablishedasaprogramandapprovedasaPoint
FourProjectbyUSPublicHealthofficialsactingas
consultantstotheGovernmentofIndiaThustheway
wasclearedforundertakingoneofthelargestmalaria
programsevervisualizedaprogramtofree200million
peoplefromadiseasewhichheldthemandforgenera
tionshadheldtheirforefathersinbondage

TheprogramwasratifiedinDecember1952andthe
firstyeareffortwasplannedtoprotect75millionpeople
Thiswastheyear195354

TheplanenvisionedandIquoteacontinuingpro
gramconsistingof
1Animmediateoperationalperiodextendingthree

yearstoprovideprotectiontoabout125million
people

2Amaintenanceprogramforfutureyearsconfin
ingindefinitelyrequiringalertwatchfulnessand
continuedcontroloperationsreducedinscaleif
necessary

Theoperationalprogramasoriginallypresentedcon
sistedinsummaryofthefollowingessentialfeatures
IextractinsomewhatCondensedform
aCoordinatingallexistingmalariacontrolactivities

intotheNationalMalariaControlProgram
bStrengtheningexistingcontrolprogramsandestab

lishingnewprograminallstates
cExpandingthestaffoftheMalariaInstituteofIn

diatoprovideoveralldirectionandtoextendtrain
ingfacilities

dProvidingmalariaengineeringconsultationsand
otherservicesforirrigationandhydroelectricproj
ects



eEstablishinganoperationalprogrambasedonresid
ualsprayingoninsecticidestoprotect125million
peopleandtreatingmalariapatientstoreduceres
ervoirsofinfection

fConstructingasecondDDTplantinadditiontothe
unitbeingsetupbytheGovernmentofIndia
throughWorldHealthOrganizationUnitedNa
tionsInternationalChildrensEmergencyFund
assistance

gProvidingperiodicevaluationofresults
Aprogramofthismagnitudecannotbesetinmotion

initsentiretyimmediatelyThereforeaprogressiveim
plementationwasestablishedwhichwouldplaceinop
erationthe125unitseachtoprotect1000000persons
onthefollowingtimeschedule

195354Implementationof 90units
195455 anadditional35units

195556Continuedoperationof 125units

Administrativeandexecutivepersonneltooperateeach
unitconsistsofonemedicalofficerandeightmalariain
spectorsThepermanentsubordinatestaffconsistsof33
personsandthenecessaryseasonalfieldstaffof130work
ers

Sprayingequipmentassignedtoeachunitconsistsof
30handcompressionsprayers60stirruppumpsandone
powersprayerSincethisequipmentwasnotreadily
availableinIndiathegreaterportionofithasbeenim
portedduringthefirsttwoyearsofoperationButmak
ersofsuchequipmentinIndiahavenowincreasedtheir
facilitiesandimprovedtheirproducttothepointwhere
furtherimportationswillbeunnecessary

Atthetimetheplanbecameeffectivenosynthetic
insecticidewasbeingmanufacturedinIndiaThismeant
importationoftheentirequantityandduringthefirst
year4000longtonsof75percentwaterwettableDDT
wereprocuredinthiswayDuringthesecondyear6670
longtonsof75percentwaterwettableDDTpowder
werescheduledforimportation

AlthoughDDTistheinsecticidefurnishedbythecen
tralagencyitisnottheonlyoneusedintheprogram
Certainstateshavepurchasedsmallquantitiesofother
insecticidesmainlyBenzeneHexachlorideinaneffort
topushaheadwiththeirwork

Sincenosyntheticinsecticideswerebeingmanufac
turedwithinthecountryandsinceforeignsourcesof
supplyentailedlongdistanceshippingitwasdecided
toerectatleastoneandperhapstwofabricatingplants
ThefirstofthesewasestablishedinDelhiandwassched

uledtocomeintoproductioninDecember1954Initial
lytheproducingcapacitywas750tonsannuallybutpro
visionwasmadetoexpandasrequiredto1500tons
Thisexpansionisnowtakingplaceandbyanotheryear
themaximumcapacitymaybeattainedThesecondfab
ricatingplanthasnotbeenstartedasyet

Thisinitialplantobviouslycannotsupplyenough
insecticidetocarryonthecontrolprogramwhichmeans
thatIndiamustcontinuetoimportinsecticideforsome
timetocome

Watersuspendablepowderistheforminwhichthe
DDTisappliedandthestandardrateofapplicationis
100mgpersquarefootofsurfaceareaThisisnotahard
andfastrulebutdependsuponlocalconditionsLocal
conditionsinturnveryoftendependuponthepreva
lenceorseverityofthemonsooninanyspecificarea
Furthermoreapplicationdependssomewhatuponthe
numberofsprayingroundswhichwillbeappliedInmost
areasthenumberofroundsistwoorthreeandinthese
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localitiesthestandardrateofapplicationgenerallypre
vailsButiffourroundsperyearareappliedashappens
inafewareasthentheratemaybereducedto60mgper
squarefootperroundOntheotherhandafewareasare
solocatedthatoneroundperyearmaybesufficientIn
theseareasasmuchas200mgperroundmaybeapplied

Sincethemainobjectiveoftheresidualsprayprogram
istodestroyinfectedorpotentiallyinfectedmosquitoes
specialstressislaidonintensivetraininginsprayingmeth
odsforpersonnelFrequentcoursesformalariainspec
torsaregivenattheMalariaInstitutewherethesemen
aretrainedinallphasesofmalariatransmissionandcon
trolParticularemphasisisplacedonfamiliarizingthem
withpropertechniquesTheylearnpropermixingpro
ceduresaswellaspropercareandmaintenanceofequip
mentButabovealltheyaretraineddayafterdayunder
practicalconditionsinmethodsofapplyingresidual
spraytothevitalrestingplacesofmosquitoesandin
lethalquantities

Thesemenreturntotheirrespectivestateswherethey
traintheirownfieldpersonnelAsfrequentlyaspossible
visitsaremadebyMalariaInstitutepersonneltothese
statesandthehomestatesquadsarewatchedinaction
andtheirerrorsintechniquecorrected

Whileheavyemphasisisplacedonvectordestruction
theneedforprophylaxiswithinthehumanpopulationis
notoverlookedAllreportedcasesofmalariawithinthe
areamustbetreatedinordertodestroythereservoirof
infectionQualifiedpersonnellargelytrainedattheIn
stitutecarryonthisworkResochinisbeingusedforthis
importantpartoftheprogramOveronemillioncases
weregiventreatmentduringthefirstyearofthepro
gramFiguresarenotyetavailableforthesecondyear

Asmightbeexpectedinaprojectofthismagnitude
everythinghasnotalwaysprogressedasplannedThere
havebeendelaysItrequiredtimeforthestatestoestab
lishtheirorganizationsInitialsuppliesofinsecticideand
ofsprayingequipmentwerelateinarrivingSomeofthe
suspendablepowderapparentlywasnotoftheproper
qualityandhadtobelocallyimprovedinsuspendability
byadditionofwettingagentsSomeoftheimported
equipmentdidnotmeasureuptothestandardsexpected
beingsubjecttobreakdownunderseverefielduseThis
wasparticularlytruewithreferencetostirruppumpsOn
theotherhandthecompressionsprayerswereofgood
qualityandhavestoodupwell

Asmightbeanticipatedthegreatestdifficultyexper
iencedwithequipmentwaslackofsufficientquantities
ofsparepartsSincethesearenotreadilyavailableand
sinceitisalwaysdifficulttoanticipatepartsre
quirementsslightdelayshaveresultedfromthisshortage

Delayswhichhaveoccurredmustbeconsideredas
growingpainstowhichallsuchprojectsaresubjectThe
programhasgoneforwardalmostonscheduleHoldover
delaysfromthefirstyearhavesteadilybeenovercome
duringthesecondyearandtheprospectsforbringing
thejobtoasuccessfulconclusionappeartobeexcellent

Thisdoesnotmeanthatmalariawillbeeradicated
fromIndiainthreeyearsnorinfiveyearsThereare
areasinthemountainswhicharealmostinaccessible
inhabitedbyhilltribeswhorarelyemergefromtheirse
cludedhomesThesepeoplemustbesoughtoutandpro
tectedInfactitissometimessaidthatthesehilltribes
aretherealreservoirofthemalariaparasiteifthey
couldbefreedfromtheparasitetheremainderofthe
programwouldbemuchsimplertocompleteWhether



ornotthisistrueitstillisobviousthatthesepeoplemust
beprotectedanundertakingwhichwillrequiretime

Realprogresshasbeenandwillcontinuetobenoted
ontheplainsandinthemorereadilyaccessibleareas
wherestatisticsforthefirstyearofoperationindicate
mostfavorableresultsReportsfromwidelyscattered
statesagreethatgoodprogressinloweringthemalariain
cidenceisbeingmadeThereiseveryreasontoanticipate
thecontinuanceofthisprogressandifitdoescontinue
thenbytheendoftheinitialthreeyearsoftheNational
MalariaControlProgrampracticallyallofthemalarious
areasofIndiawillbereceivingprotectionThosewho
knowthepotentialitiesofsyntheticinsecticidessuchas
DDTandtheenergywithwhichtheplanisbeingpushed
forwardharbornodoubtthattheprogramwillbeemi
nentlysuccessfulandwithincomparativelyfewyears

MILITARYUSEOFCHEMICALSFOR
MOSQUITOCONTROL

AUSTINWMORRILLTR
EngineerResearchandDevelopmentLaboratories

FortBelvoirVirginia

UseofchemicalsintheArmyprogramofmosquito
controlfallsintotwomainsectorseachofwhichisitself
dividedintotwopartsThetwomajorcategoriesareof
courseindoorandoutdoorcontrolofwhichindooris
composedofresidualandspacesprayingandoutdoor
oflarvicidingandadulticidingStartingatthecenterof
thearmyareainthequartersoftheindividualwhether
itbeafamilyunitintheZoneoftheInteriororarow
oftentsinaCommunicationZoneorforwardarearesid
ualspraysof5DDTinalightgradepetroleumsolvent
suchaskeroseneareappliedtoallwallsurfacesscreened
openingsandtheundersidesoffurnitureetcatarate
of1quartto250squarefeetSpacespraysandfogspro
ducedbyequipmentrangingfromindividualaerosol
bombsandflitgunstotruckmountedpowermachines
maybeutilizedasneededtokilladultmosquitoesenter
ingthroughdoorwaysandstillunaffectedbytheresiduals
ontheroomsurfaces

Intheareaimmediatelysurroundingthesebuildings
usuallycalledthecantonmentspraysareappliedeach
weektorainguttersdrainspoolscollectingunderbuild
ingsandsuchartificiallyconstructedwatersiteswhen
eversurveyshowsthatlarvaeinthemhavereachedthe
thirdinstarNaturallynoneoftheseplacesistreated
chemicallyunlessallothermeansofeliminationorcontrol
eitherhavefailedtoachievesuccessorareinitiallyin
feasible

Movingfurtheroutwardallareasimmediatelysur
roundingthecantonmentareaiftheyareundermilitary
controlorcanbetreatedbyagreementwiththeowner
andiftheyarenototherwisetheresponsibilityofthe
localpublicsanitationservicesaretreatedwithlarvi
cidesweeklyorwheneversurveyshowsbreedingofmos
quitoestothelargerinstarsThislarvicidingisdone
eitherbymeansofthetwogalloncompressionsprayers
usedforresidualtreatmentorbypowerequipmentsuch
asmistblowersdustersorbyaircraftequippedwith
theseTheareasotreatedisattackedconcentricallyas
timemanpowerandmaterialspermitthefirstquarter
mileradiusbeingconsideredthemostimportantand
eachsucceedingquartermilethenextmostimportantin
descendingorderAircraftbeingunsuitablefortreatment
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ofbreedinginunderandaroundbuildingsarenotnor
mallyemployedovercantonmentareasthoughthey
maygivethemapasswhiletreatingcloselysurrounding
marshesaircraftalsoarenotutilizedoverdensevegeta
tionwheresprayswillnotpenetrateunlessthereare
specialprovisionswhichweshalldiscusslater

Controlofadultsiseffectedtemporarilybytheuseof
fogsandforlongerperiodsbymeansofresidualdust
andspraybarrierswhichareappliedaroundthezones
tobeprotectedThisisdoneeachweekoratlongerinter
valswhenindicatedbyadulttraporrestingcountsmade
duringtheweeklysurveysThesemethodsarevariedto
suitthelocalneedasitisjudgedbythesupervisorSprays
anddustswhichareappliedprimarilyaslarvicidesare
driftedoverthenearbyvegetationinthebreedingsites
Dustsarealsodistributedontoshrubberyandvegetation
withinandsurroundingthemilitaryareaandareal
lowedtosettleonandinanimalshelterstoolshedsand
similarbuildingsandtheireavesespeciallythosethatare
roofedwiththatchorhandcutshakesForthispurpose
10percentDDTinpyrophillitewettableDDTorwet
tabledieldrinasdrypowdersmaybeusedappliedby
handoperatedorgasolineenginedrivenfanblowers
Sometimesspraysanddustsareappliedasresidualsto
thewallsandtheundersidesoftheroofsofanimalshel
terslatrinesandcoveredsepticpitsinfarmareascon
tiguoustothearmyinstallationsOftenithasbeenfound
thatcontrolofarelativelyfewsuchrestingstationswill
verymateriallyreducetheimmigrationofmosquito
adultsFogsareusedwheretherearetobeoutdoorgath
eringsorwherewindsandotherconditionsbringadults
fromuncontrolledareasthroughthebarrierzoneswith
theirardorforbitingstillunabated

Topassnowfromthegeneraltotheparticularletme
describeouruseoftheforegoingmethodsincertainin
dividualinstances

PHILIPPINES Immediatelyafterthewarinana
aroundManilatwoproblemspresentedthemselvesand
maybetakenasexemplifyingthetypesofcontrolfaced
inmilitaryoperationsFirsttherewasthecontrolofmos
quitoesbreedinginrubbledamagedbuildingsandsani
taryfacilitieswhichinnormaltimeswouldhavebeen
wellmaintainedandhelpfulbutwhichunderexisting
conditionsaggravatedalreadybadsituationsSecondly
therewasthenormalbreedingoccurringinnaturalsites
whichwerefarfromthecontrolledareasofpeacetime
wherethemilitaryencampmentsandoperationsneces
sarilywereplacedinordertounencumberthecivilsitu
ationsInthePhilippinesthesenaturalsiteswerestreams
andricepaddiesAlthoughwehadbeentoldthatAmin
imusflavirostristhemalariavectordidnotbreedincon
taminatedwaterorrestinhouseswemistsprayedall
streamsandborderingvegetationeveninthebarrioand
cityareasandresiduallysprayedtheinteriorsofallArmy
livingquarterstheatresandmesshallsPaddyareas
aroundinstallationsweredustedorifdisusedwere
sprayedbypowerequipmentandthosetooinaccessible
ortoonumerousforeasygroundsprayingweretreated
bysmallliaisontypeaircraftTestsshowedusthatspray
fromaircraftdidnotpenetrateheavygrasseswellal
thoughdustsdiddosoleavingalsoaresidueonthe
plantstoaffecttherestingadultsForthisreasonbrush
grownstreamswereclearedonlysufficientlytopermit
passageofthespraymenandtofreethedrainageofthe
waterandwerethentreatedfromthegroundAdultmos
quitoesparticularlyengorgedfemaleswerefoundin
housesinthemorningwhenevercontrolwasrelaxedor



houseswereleftunsprayedbutevenunscreenedhouses
werefoundtobeinsectfreewhentreatmentswereap
pliedonscheduleInteriortreatmentswerethereforere
quiredat60dayintervalsFoggingwastriedbothinwar
damageddowntownareasandopenricefieldareasin
asmuchasfogwasatthattimebeinggivencreditfor
larvicidalefficacyHoweveradultpopulationcountsin
variablyreturnedtothepretreatmentlevelwithinan
hourafteroperationsandexceptfordiplomaticusesor
gardenpartiesthefoggerswereretired

OKINAWAInOkinawaevenmorethaninthe
mainlandofJapanricepaddiespresentaproblemHere
Asinensisapaddybreederisanactivecarrierofma
lariawhichitisnotinthePhilippinesandthepaddies
arelocatednotonlyinflatareasbutupintothenarrow
estravinesInsomeoftheRyukyuswhereAminimus
isanadditionalvectorsericulturepreventsuseofair
planestodisperseinsecticidesbutonOkinawaitselfair
craftareanimportantpartofthecontrolDustswereap
pliedbyhelicopterherewithexceptionallygoodeffect
butthecostoftheoperationandtheeventuallimitation
ofthesecrafttoairrescueworkpreventedthemethod
frombeingmadeintoacontinuingroutinePyrophillite
andclaypelletsandtobaccodustshavebeenrecently
usedquitesuccessfullyingettingpenetrationinricepad
dieslateintheseasonwhengrowthisheavyTheseheav
ierparticleshavetheadvantagethattheycanbeapplied
whenthewindistoohighforordinarydustingandthey
thusfreetheoperatorofbeingshackledbytheweather
Howeverthepelletsarepresentlytooheavytobedis
tributedwellbygroundequipmentExperimentsatthe
EngineerResearchandDevelopmentLaboratoriesandin
semiarctictundraatFtChurchillCanadaleadusto
believethisdifficultycanbeovercomewithpowerequip
mentifnotwithhandoperatedrotarydustersHowever
itwillbemostdesirableifmanufacturersofbothclay
pelletsandvegetablegranulessuchastobaccodustcan
beinducedtoseparateoutmaterialofnotlargerthan60
mesh

JAPANInJapanconcernfortheprotectionofseri
cultureprohibitsuseofairplanesprayingordustingand
restrictsseverelytheusefulnessofpowerequipmentcapa
bleoftoowidespreadorindiscriminatebroadcastof
chemicalsFoggersareusedtosomeextentparticularly
againstadultmosquitoesinoutdoorgatheringsincity
areasSincesocalledpestmosquitoeswhichbreedin
gutterscesspoolstincansandeveryotherconceivable
collectionsofwaterarethetransmittersofencephalitis
thisservesanessentialhealthpurposeaswellaspre
ventingmosquitoesfromspoilingotherwisepleasant
functionsHoweveramoreeffectiveknockdownandkill
hasbeensecuredinmanyareasbyuseofthewettable
DDTpowdersandthepyrophilliteortalcbasedDDT
dustsapplieddrybyrotaryorpowerdustersatratesof
aboutonepoundperacreResidualmistspraysofDDT
emulsioninwaterandevenofkerosenesolutionshave
alsobeenutilizedtogoodeffectandwithoutfoliageburn
wherecarewasexercisedPrimarycontrolisofcourse
bymistsappliedweeklybymeansof2gallonhandoper
atedsprayers

KOREAKoreapresenteduswithperhapsthebest
opportunitywhichcouldhavebeendevisedfortestingthe
effectivenessofourchemicalmosquitocontrolmethods
underconditionsofgreaturgencyandcompletelackof
permanencywhilealsotestingourequipmentforitsrug
gednessanddependabilityTheequipmentdidnotcome
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throughthetestnearlysowellasdidourmethodsMa
chineswhichseemedwelldesignedandheavilybuilt
brokedowncorrodedanddevelopedaninsatiableappe
titeforunobtainablesparepartsalthoughsomeofthe
simplerandseeminglylessdurableaffairskeptoperating
liketheModelTFordonbailingwireandcussedness

Becausethesituationwasfluidandourtenureinany
casewasnotexpectedtobelongweconcentratedon
chemicalcontroltotheexclusionofalmosteveryother
considerationsaveaforedoomedattemptatprimaryarea
sanitationLtypeaircraftmistblowersandsmallpush
cartpowerdustersandfoggersofJapanesedesignwere
utilizedbutthemainjobofchemicalapplicationwas
donewith2and3galloncompressiontypepackspray
ersFirstattentionwasgiventoditcheslatrinespaddies
andemptycansthrownintothebushesandthebarbed
wireaccordionsResidualsprayswereappliedtowalls
andundereaveswhereverpermanenttypefacilitieswere
occupiedAirsprayswereappliedtoricepaddiesmany
ofwhichareasinOkinawainverynarrowravinesin
themultitudesofsmallsteephills

GERMANYIntheAmericanoccupationzoneof
Germanytheuniquebreedingplaceformosquitoeswas
inthewateringbarrelsinthehomegardensThesehome
gardenslikeourVictoryGardensweresmallindivid
uallyownedplotsgroupedtogetherintolargerhomog
enousareaswhichmightbevacantlotsintownormore
extensivetractsontheedgeoftheurbanareaEachwas
surroundedbyafenceusuallywithapadlockedgateand
alwaystherewasabarrelineachgardenforstoringthe
rainwaterusedinirrigatingthegrowingvegetablesSince
ingresstothelockedplotswasdifficultorevenimpossible
DDTwasdistributedinsmallquantitiestotheseurban
farmersThiswasalsoaneffectivemeansofcontrolling
themosquitoesbreedinginthecementpitsinwhichliquid
compostsprincipallynightsoilwereretainedforbac
terialdigestionImightaddinthisconnectionthat
handfulsofDDTsimilarlydistributedinRyukvuanvil
lagesandappliedbymeansofhandkerchiefstothesmall
individuallyownedcomponentsoflargepaddyareasalso
gavegoodcontroldespitetheprimitiveapplication
method

UNITEDSTATESIntheZoneoftheInteriorand
suchoverseaszonesasarenormalcomponentsofthe
UnitedStatespermamentdrainageandfillingwerefar
advancedevenontemporarypostsbeforetheadventof
DDTHoweverfundsandlaborforsuchactivitiesas
mosquitocontrolarechronicallyshortuntilahealth
emergencyoccursanditwasthereforedecidedtosup
plementpermanentcontrolwiththoroughchemicalap
plicationsChemicalsarecheaperthanlaborinthis
countryevenwhenthechemicalsareusedwidelyInthe
replacementofdieseloilapplicationsbyDDTmiststhe
newmethodwascheaperinbothlaborandpurchase
outlaysthantheold

Applicationsweredesignedtobeeconomicalofma
terialbuttobeheavyenoughtogetanoptimumIethal
dosageratherthanaminimumoneanditwasdecided
tobeunstintinginregardtothoroughnessofcoverage
WiththeapparenteliminationofmalariaintheUnited
Statesandthegradualreductionoffundsandpersonnel
allotmentswhichhasgoneonsteadilysince1945theneed
toconservehasbecomegreaterandgreaterMajoren
gineeringprojectsandspotapplicationsbaseduponcare
fulandcontinuingsurveyhavehadtobepostponed
Underthesecircumstanceschemicalcontrolinasome



whatshotgunfashionandaimingonlyattheknown
highspotsoratplaceswherecomplaintsoriginatehas
becomethemainstayoftheprogram

ThediscussionofArmycontrolofmosquitoesbychem
icalmeanswouldbeincompletenaturallywithoutany
mentionofresistanceThefactisthattheArmyhasen
counterednomeasurableresistanceinmosquitoesinany
areaoverseasorintheUnitedStatesTherearethree
possiblereasonsforthisMostinstallationsareaway
fromheavyconcentrationsofsaltwatermarshpopula
tionswehavenotpracticedthewidespreaduseofmin
imumlethaldosagesthathavebeencommonelsewhere
andwehaveoperatedprincipallyinareaswhereconsider
ableuntreatedmosquitopopulationsareeverpresent
justoutsideourcontrolareasandpresumablycomecon
tinuallyintobreedoutanyaccumulatingresistance
Whatevertheexplanationnoprovableinstanceofre
sistanceinmosquitoeshasasyetoccurred

TosumuptheArmysexperiencewithchemicalcon
trolwehaveuseditextensivelyinlieuofpermanent
sanitationmeasuresortosupplementthemwherelack
ofadequatemanpowerorfundsmakespermanentwork
incompleteWehaveproceededuponthetheorythat
chemicalswerecheaperthanlaborandshouldbeused
thoroughlythoughnotheavilyandhavehadexcellent
resultsinmaintainingourareasrelativelyfreeofmos
quitoesbythismeansNoresistancetoDDThasbeen
observedindemonstrablequantity

SIGNIFICANTADVANCEMENTSINTHE

MOSQUITOCONTROLPROGRAMOFTHE
UNITEDSTATESNAVY

JOHNMHIRSTCommanderUSNavy

Mosquitocontrolinparticularandpestcontrolin
generalhavemadeimportantadvancementswithinthe
UnitedStatesNavyduringthelastyearTheestablish
mentofaNavyInterdepartmentalPestControlCom
mitteelatein1953madeitsfirstcontributionstothefield

during1954Thishighlevelorganizationprovidesfor
themostpracticalcoordinationofallpestcontrolactiv
ityatcommandlevelsandexpeditesactiononallpest
controlproblemsTheeconomyofthistechniquehasbeen
observedinthepastAnintegratedprogramhasbeen
developedandputintooperation

AstheeffectsofthisCommitteebroughtemphasisto
tocontrolofpeststhroughouttheNavytheprogramwas
broadenedtoincludethecontrolof

aDiseasevectors

bGeneralnuisanceandhouseholdpests
cPestsofstoredproducts
dWooddestroyingorganisms
eVegetativepests
Thisbroadcoverageofpestproblemsincreasedthe

needforspeciallytrainedpersonnelTrainingprograms
havebeenconductedinvariousNavalDistrictswithex

cellentresultsNavalreservetrainingprogramsatthe
PreventiveMedicineUnitNo1NavalAirStation
JacksonvilleFloridaandtheInsectVectorControl
NavalAirStationAlamedaCaliforniahavecarriedthis
specialworkintothereserveforcesCarefulplanningin
theuseanddistributionofavailablespecialistpersonnel
hasprovidedtechnicaladviceandsupervisoryassistance
toallNavalestablishmentsTheschoolforEnvironmental
SanitationTechniciansUSNavalHospitalOak
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KnollOaklandCaliforniahasincreaseditstraining
allowancesandimproveditsfacilitiesTheoutlookfor
reducedpropertylossandimprovedhealthandmorale
byeffectivecontrolofdiseasevectorsandpestsismost
optimistic

SincethecloseofhostilitiesofWorldWarIIandes

peciallysincethecessationofwidescaleactivityinKorea
greaterattentionhasbeendirectedtothedevelopment
ofproperequipmentforthedispersalofinsecticidestest
ingofinsecticidesformilitaryuseandplannedperma
nentcontrolsThefirsttwoitemswillbereportedin
otherpaperswhichwillbepresentedduringthesemeet
ingsPermanentmeasuresatnavalestablishmenthave
beendependentonthefutureplansforthevariouses
tablishmentsAstheseplansbecomefirmthevalueof
thesepermanentcontrolscanbeweighedTheresults
andrecommendationsofnumerousprewarsurveysen
hancedbywartimecontrolshavemadepossiblemany
permanentcontrolprogramsSomeofthesealreadyare
inoperationandotherswillbeginthisyearTheimpor
tanceofpermanentcontrolshasneverbeenquestioned
butcouldnotreceiveappropriateevaluationuntilthe
locationofpermanentmilitaryestablishmentswas
known

Thecooperationofthemilitaryservicesandthecoor
dinationoftheirprogramswiththeorganizedcontrols
ofcitiescountiesandstateshasbeenofgreatmutual
benefitTheAmericanMosquitoControlAssociationhas
beenaconstantsourceofinformationandassistanceand
isusedasanexampleofthisnecessaryandmostvaluable
relationshipSincetheproblemswithintheNavalestab
lishmentarewidespreadandvarioustheunderstanding
andexpertassistanceofthescientificsocietiestheUnited
StateDepartmentofAgricultureandtheUnitedStates
PublicHealthServiceareinvaluableTheresultsoftheir

reportedexperiencesandresearcharethebasesformany
developmentswhichleadtotheeffectivesolutionofmany
ofourproblemsFromthespecialistswithourMedical
ResearchUnitsandLaboratoriesandthecarefulobser
vationsofourfieldoperatorsthesuccessesandfailures
ofwidelyusedtechniquescanbeassembledThesere
sultshavebroughtpestcontrolintheNavytoanewhigh
inefficiencyandanewlowincostandpersonnelrequire
ments

Theopinionsexpressedarethoseofthewriterandare
nottobeconstruedaspolicyoftheNavyDepartment

EDITORSNOTECommanderHirstgaveanillustrated
talkonasourceeliminatonproblematCasaLindain
lieuoftheabovepaperattheConference

RECENTDEVELOPMENTSINMOSQUITO
CONTROLINTHEAIRFORCE

WESLEYRNOWELLPHD

CaptainUSAFMSC
HeadquartersAirResearch DevelopmentCommand

BaltimoreMaryland

In1954asinpastyearsthebulkofinsectcontrolwork
intheAirForcewasdirectedtowardthecontrolofmos

quitopopulationsaroundtheworldDiseasetransmitting
mosquitoesweregivenprimaryconsiderationbutinmany
areasitwasnecessarytocontrolpestmosquitoeswhere
themoraleandefficiencyofpersonnelwereaffected

Thesignificantdevelopmentsinmosquitocontrolin
theAirForceduring1954maybedividedintothefol



lowingfieldsoperationsresearchanddevelopment
publicationsandmateriel

OPERATIONS

ThemosquitocontrolprogramintheAirForcewas
dividedintotwophasesairandgroundOneorboth
dependinguponthebiologicalenvironmentwereused
tocontrolpopulationswithinthevicinityofAirForce
installations

Intheaerialphasethedisseminationofbothliquid
spraysandimpregnatedgranuleswasaccomplished
Groundcontrolconsistedoftemporarymeasuresandper
manentmeasuresTemporarycontrolmeasuresincluded
theapplicationoflarvicidesininfestedwatersapplica
tionofresidualspraysinhousingandmessareasand
controlofadultmosquitoesinoutdoorareaswithfogand
mistspraysPermanentcontrolmeasuresutilizedwere
drainingthroughditchingfillinginofbreedingareas
andeliminationofnaturalecologicalhabitatsthrough
burningorclearing

Coverageofareaswherethedisseminationofinsecti
cidesbymeansofaircraftwasconsideredapracticable
supplementarymosquitocontrolmeasurewasaccom
plishedthroughouttheUnitedStatesbytheUSAFSpe
cialAerialSprayFlightbasedatLangleyAirForceBase
VirginiaIn1954thisunitservicedtwentytwodifferent
ArmyandAirForceinstallationsrangingfromMassachu
settstothetipofFloridaandfromLouisianaasfareast
asGrandTurkIslandintheBritishWestIndies

ThisFlightconsistingofthreeC47andtwoL20
typeaircraftsprayedatotalof148286gallonsofinsec
ticideover369304acresduring1954atanaveragecost
of0115peracresprayedThisfigurewasbasedonthe
costoftotalflyingtimeplusperdiempaidtheaircrew
membersNeithersalariesnorthecostoftheinsecticides

wasconsideredinthecomputation
TheSpecialSprayUnitservicedbasesintheAirMa

terielCommandAirResearchandDevelopmentCom
mandStrategicAirCommandandTacticalAirCom
mandEachofthesemajoraircommandshasbaseslo
catedalongtheAtlanticseaboardandinthesouthern
states

Groundcontrolprogramsforthecontrolofmosquitoes
wereoperatedineachofthemajoraircommandswith
intheUnitedStatesThesearetheAirDefenseCom

mandAirProvingGroundContinentalAirCommand
MilitaryAirTransportServiceandtheAirTraining
CommandinadditiontothoselistedaboveTheindivid

ualprogramswerehandledatbaselevelbypersonnel
whohadreceivedformaltraininginthistypeofwork

Aerialspraywasamajormosquitocontrolmeasurein
theAlaskanAirCommandNoresistancetoDDTwas

reportedinthemosquitoesfoundinthatregionControl
ofmosquitoesaroundthesmallAircraftControland
Warningsiteswasattemptedbutnotconsideredprac
ticableScreeningwasrelieduponforprotectioninstead
Collectionsofmosquitoesmadefromaircraftarrivingat
AlaskanairbasesfromFarEasternstationsincurredthe

initiationofanextensivedisinsectizationofaircraftpro
graminthisCommand

ControlofAnophelesalbimanuswasthemajorfea
tureinthemosquitocontrolprogramintheCaribbean
AirCommandControlwasachievedthroughfogging
ofthebaseareaeachnightControlwastemporaryand
hadnoeffectonoffbaseareasDrainageofthosebreed
ingareasadjacenttotheAirForceinstallationswascon
sideredfor1955

Possiblythemostextensivemosquitocontrolprogram

intheAirForcewasconductedwithintheEarEastAir
ForcesCommandAerialdisseminationofliquidsprays
wasaccomplishedinthePhilippineIslandsonOkinawa
andonGuambymeansofT6aircraftmodifiedwith
tankssuspendedbeneatheitherwingInMarch1954
assaultexercisesuponIwoJimaIslandwerecarriedout
byaMarinedivisionTheislandwassprayedwith20
DDTAirplaneSpraySolutionbyaircraftpriortothe
invasionAgratifyingreductioninboththemosquitoes
andotherinsectpopulationsonthisislandfollowedthe
aerialsprayingwasconsideredtohavejustifiedtheex
pense

InKoreatheFifthUnitedStatesAirForcecontinued
itsprogramagainstthevectorsofmalariaandJapanese
BencephalitisTwentypercentDDTAerialSpraySo
lutionwasstillbeingusedinthattheaterandtherewas
littlechangeintheprogramasitwasoriginallysetup
in1951anddescribedatthejointAMCANJMEA
meetingheldin1954ItwasfeltbytheOfficeoftheSur
geonGeneralUnitedStatesAirForcethatthecon
tinuedrelativelylowratesofbothmalariaandJapanese
BencephalitisinAirForcepersonnelintheKoreanthea
tercouldbeattributedinpartatleasttotheaerialspray
program

IntheNortheastAirCommandwhichhasitshead
quartersinNewfoundlandCanadaaircraftwereusedto
spraySondrestromAirForceBaseonGreenlandtocon
trolthepestmosquitopopulationthere

HeadquartersUnitedStatesAirForceinEurope
USAFEreportedthattheprogramforcontrolofmos
quitoesinthattheaterwasnotanextensiveoneThe
majorinsectpopulationfacedbyAirForceunitsin
NorthAfricaEnglandandohtheContinentwasre
portedtohavebeenthecommonhousefly

RESEARCHANDDEVELOPMENT

ResearchonthreemosquitocontrolRDprojectswas
accomplishedin1954Twoofthesehadtodowiththe
disseminatonofimpregnatedgranules

Inthesummerof1953twoL20DeHavilandBeaver
aircraftwereflowntoLangleyAirForceBaseVirginia
andassignedtotheSpecialSprayFlightThesetwoair
craftwereequippedwithspraykitsconsistingoftwo55
gallondrumslyinghorizontallyonthecabinflooranda
cylindricalventuriwithan8inchdiameterairintake
orificesuspendedbeneaththebellyoftheaircraftFlow
oftheinsecticidewasbymeansofgravityandtherate
wascontrolledmanuallybyacrewmemberwhooperated
arotaryshutoffvalveuponhandsignalsgivenbythe
pilotEffectiveswathwidthofthisapparatuswasap
proximately75feetTherateofflowwasestimatedonthe
groundafterlandingandthedropletsizeswerevariable
anduncontrollable

AthirdL20equippedwithacommercialrotarybrush
spraykitwasassignedtotheSpecialSprayFlightatthe
sametimeTheswathwidthanddropletsizewerecali
bratedTheformerwasfoundtobe120feetandthe

dropletsizefairlyconsistentThiskitwasefficientbut
therewassometroublewiththecutoffvalvesTherub

bersealscontainedwithinthesevalvesexpandeddueto
theactionoftheinsecticidevehicleusedThisexpan
sioncausedthemtobulgefarenoughtobeshearedoff
bythemovingmetalparts

Duetotheinefficiencyoftheventurikitandthedif
ficultyofthemaintainingrotarybrushpartstheseorigi
nalspraysystemswerereplacedwithboomspraykits
developedalongtheprincipleoftheequipmentusedon



theC47Atfirstthekitconsistedofthree55gallondrums
standinguprightinthecabinandinterconnectedwith
hosesTheinsecticideflowedfromthesetankstoapair
ofelectricallydrivenB26vanefueltransferpumpswhich
individuallyfedeachoftwoboomsTheboomswere
constructedof1Y8inchnominaldiametersteelaircraft
tubingandweresupportedbyAframestrutsboltedto
thelowersurfacesofthewingsTen8B10Spray
SystemsnozzleswereattachedoneachsideTheeffective
swathwidthofthiskitwas140feetThepumpswere
controlledbythepilotthroughamasterswitchonthe
pilotsinstrumentpanelandanonoffswitchcontrolon
thewheelgripThekitwasconsideredquiteefficient
exceptforonethingthepumpswhichmaintained30
PSIdidnothavecapacityforincreasedflowtheatomiza
tionratedroppedinproportiontodecreasesinpressure
Itwasfoundthat14nozzlesproducedamoreconsistent
spraythanall20

In1954thiskitwasmodifiedbythereplacementof
thethree55gallondrumswitharectangularstainless
steelbaffledtankwithacapacityof175gallonsInaddi
tionaverticlestandpipeandanemergencydumpvalve
wereaddedTheemergencydumpapparatusconsisted
ofaspringloadedvalveattachedtoalargecaplocated
inthebellyoftheaircraftandsealedinthebottomof
theinternalinsecticidetankThevalvewascockedand

readyforinstantaneousreleaseItwasoperatedmanu
allybyacablewhichranthroughthepilotscompart
mentThesizeofthedumporificecoincidedwiththatof
thecamerahatchonthebellyoftheaircraftandafull
loadofinsecticidecouldbedischargedinalittlelessthan
10secondsNochangewasmadeineithertheinsecti
cidedischargepumpsorthebooms

Recognitionin1954oftheapplicabilityofimpregnated
granulesasamosquitocontrolmeasureinstigateddevelop
mentofeffectivehoppersonaircraftsothatthesemateri
alscouldbedisseminatedfromtheairAstainlesssteel

hopperof1000granulepoundcapacitywasbuiltforthe
L20aircraftThishopperisboxshapedcorresponds
withtheshapeandsizeoftheloadingdoorandisequal
inwidthtotheinterioroftheaircraftItisinsertedinto
theaircraftfromthesidethentheforwardendisraised
severalinchesandawoodenframeslidinbetweenthe

hopperandthefloorofthecabininordertosupportit
inatiltedpositionLoadingofthehopperisaccomplished
throughahatchlocatedontheuppersurfaceThegran
ulesarepouredthroughthisopeningbymeansofafeed
ersuspendedabovetheaircraft

Thegranulesflowbymeansofgravitythroughanopen
slotwhichisaswideasthehopperandlocatedalongits
baseThegranulesflowaftthroughaconstrictedandrect
angularpipewhichprojectsthroughthecamerahatch
andsupportsaventurisuspendedbelowthefuselageThe
rateofdropofthegranulesiscontrolledbyalimitswitch
whichcontrolsaslidingcutoffvalvelocatedattheend
oftherectangularpipeControlofthisvalveinturndeter
minesthecrosssectionareaoftheopeninginthetopof
theventuribox

InSeptemberof1954theAirForcewasinvitedtosend
arepresentativetotheCanadianDefenceResearchBoard
ExperimentalStationatRalstonAlbertaCanadatore
viewworkwhichhadbeenaccomplishedinthedevelop
mentofequipmentforthedisseminationofinsecticides
bymeansofaircraftAcomprehensivereportincluding
adetaileddescriptionofagranularinsecticidehopper
developedforinstallationinaC47aircraftwassub
mittedtotheAirForceSurgeonGeneralIftheprinciple
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ofthishopperdevelopedbytheCanadianDefenceRe
searchBoardisaccepteditwillfacilitatefulfillingtheAir
ForcesrequirementformodificationofitsownC47
aircraft

Severalexperimentalflightstotesttheefficiencyand
practicabilityofthedispersionofgranularinsecticideson
AirForcebaseswereaccomplishedin1954InAugust
theSpecialSprayFlightdispersedinsecticidegranules
overPatrickAirForceBaseinFloridaThedispersal
equipmentusedwasthatdescribedabovefortheL20
aircraftTheinsecticidalmaterialwas1benzinehexa
chlorideimpregnatedina3060meshgranularcarrier
composedof75bentoniteand25attaclayTenthou
sandpoundsofthismaterialwereplacedinmarshand
swampareasTherateofapplicationwas23poundsto
theacrePenetrationofvegetationineachareawasex
cellentQualitativeresultsweregoodandthelarval
controlrateappearedtobesuperiortotheliquidspray

AgaininAugustthissameaircraftwasutilizedtodis
persegranularaldrinonRobinsAirForceBaseGeorgia
Whilethefinalresultsofthissprayareunknownthein
terimresultswerereportedtohavebeenmostfavorable
Difficultiesincurredinbothexperimentswerethesmall
payloadoftheDeHavilandBeaverandtherelatively
narrowswathwidth

PUBLICATIONS

SincethebulkoftheAirForceworkininsectcontrol
wasdirectedagainstmosquitoeswemightconsidermost
AirForcearthropodcontrolpublicationsasbeingprimar
ilymosquitocontrolpublicationsAirForceRegulation
903InsectControlbyAircraftwasbroughtuptodate
inMay1954ArevisionofAirForceRegulation902
InsectandRodentControlisbeingprocessedthrough
HeadquartersUSAFatthistimeATriServiceTechni
calManualtobedesignatedasAirForceManual857
InsectandRodentControlisundergoingpreparation
Thebetterpartofthismanualhasalreadybeenwritten
andthesectionsonmosquitoesandtheircontrolare
comprehensive

InOctober1954thefirstoftwovolumescomprising
AirForceManual1605FlightSurgeonsManualwas
publishedChaptersoninsectsinsecttransmitteddis
easesandinsectcontrolareincludedinthePreventive
MedicineSectionwhichwillbepublishedinVolume2
during1955

TableofOrganization14101whichcontainsauthor
izedpreventivemedicinecellularunitswasrevisedin
1954Thenumberofindividualunitswasincreasedand
morepositionsthanhadpreviouslybeenallottedwere
establishedforMedicalEntomologists

InsectandrodentcontrolonanAirForceinstallation

isabilateralactivityAirInstallationsengineersisre
sponsibleforthesupervisionandexecutionofcontrol
measuresTheBaseSurgeoncooperatesinthisworkby
conductingsurveysinvestigatingtheprevalenceanddis
tributionofdiseasetransmittingarthropodsandmain
tainingtechnicalsurveillanceoftheprogramadminis
teredbytheAirInstallationsOfficerInordertosupple
mentthisprograminTacticalAirCommandboththe
OfficeoftheSurgeonandCommandAirInstallations
publishedguidesTheTacticalAirCommandPreventive
MedicineGuideoriginallypublishedinJune1952was
revisedinMay1954ToaidthePreventiveMedicine
Techniciantofulfillhisresponsibilitiesininsectandro
dentcontrolworkatinstallationlevelTacticalAirCom
mandPreventiveMedicineTechniciansGuidewaspub



lishedinSeptember1954Bothofthesepublicationsare
comprehensiveandexcellentpreventivemedicineguides
InNovember1954CommandAirInstallationspublished
TacticalAirCommandInsectandRodentControlGuide
forusebyAirInstallationspersonnelatinstallationlevel
whoareresponsibleforconductingthebaseinsectand
rodentcontrolprogram

MATERIEL

Procurementofinsecticidesrodenticidesandinsect
androdentcontrolequipmentisaresponsibilityofAir
InstallationsThisisinaccordwithitsrequirementsfor
theexecutionofinsectandrodentcontrolworkatinstal
lationlevel

TableofAllowancesNumber11CInstallationEngi
neerEquipmentdated10June1954prescribestheal
lowancesconsideredasthemaximumequipmentnor
mallyrequiredbyinstallationengineerfunctionsatAir
ForceinstallationsworldwideThisTableofAllowances

maybesupplementedbyaBaseAuthorizationListcon
sistingofeitherstandardmaterielitemsavailablethrough
normalUSAFsupplychannelsornonstandarditems
considerednecessaryduetoenvironmentalorabnormal
conditions

Standardpesticidesandcontrolequipmentarelisted
intheUSAFSupplyCatalogunderClasses24and39C
Instructionsfortheprocurementofnonstandardsupply
itemsaresuppliedbyHeadquartersUSAF

AirForceProcurementInstructionNumber7050In
secticidesandPestControlItemsdated1October1953
lists72insecticidesandrodenticidesauthorizedforlocal

purchasebyAirForceinstallationsOnlyafewofthese
arelistedintheUSAFSupplyCatalog

Onecommerciallyproducedinsecticideandoneitem
ofdisseminatingequipmentwereaddedtothelistofcen
trallyprocureditemstobeincludedintheUSAFSupply
Catalogduring1954ThesewereInsecticidedieldrin
emulsifiableconcentrate18technicaldieldrinby
weightandtheDynaFogJetFogGeneratorwithanop
erationalnomenclaturecomparabletothatoftheTIFA

AnEquipmentComponentListforanindividualport
ablekittobeissuedtoMedicalEntomologistsonactive
dutyintheAirForcehasbeenapprovedbyHeadquar
tersUSAFThiskitincludescollectingpreparingand
mountingequipmentincludingadissectingmicroscope
andwasdesignedtoprovideofficerswiththeminimum
laboratoryitemsrequiredtoconductadequateentomo
logicalsurveyspreparemountandexaminemicro
scopicmaterial

Mosquitoesfliesandlicearetherankingarthropod
vectorsofdiseasecreatingahazardtothehealthwel
fareandmoraleofAirForcepersonnelthroughoutthe
worldWhilethecontrolofmosquitoesaloneisnotcon
ductedasanindividualprogramintheAirForcebut
ratherasaphaseoftheoverallInsectandRodentCon
trolProgramcontroloftheseanimalsisconsideredto
beofparamountimportancebytheAirForceSurgeon
General

TheOfficeoftheSurgeonGeneralhaseitherinitiated
orbecomeinvolvedinamajorityofthedevelopments
enumeratedaboveinaccordancewiththisthinkingThe
SurgeonGeneralisacutelyinterestedintheprogressof
workinpreventivemedicineanditishisintentionthat
stepswillbetakentoinsureacontinuationofdevelop
mentsinmosquitocontrolsoastobothimprovetheliv
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ingenvironmentandprovideaneffectiveentomological
servicewiththePreventiveMedicineProgramofthe
UnitedStateAirForce

THIRDSESSION

930AMTUESDAYJANUARY251955

UNIVERSITYOFCALIFORNIALOSANGELES

ThemeetingwascalledtoorderbyPresidentElect
RichardFPetersoftheAmericanMosquitoControlAs
sociationandtheBureauofVectorControlCalifornia
StateDepartmentofPublicHealth

MrPetersYouwillnotethatmyhairisallherethere
foreIcouldntbeDonaldGrantbutinasmuchashe
hasntshownupIhavebeenprevailedupontoactas
theopeningagenttotheEncephalitissessionstobepre
sentedhereattheUniversityofCaliforniaWewelcome
youheretotheseconddayconferenceArethereany
specialannouncementsthatshouldbemade
IwouldliketomakeonewithrespecttotheMotor

cadeWehavehadamoderatesignupthisfarandI
wouldliketourgeallofyoutoplantotakethemotor
cadefollowingthisconferenceSinceitisgoinginthree
directionspleasecontactmepersonallyIhaveasignup
listthatyoumayputyournamesonastowhetheryou
haveacarandwhichrouteyouwanttosee

ThenextjobIhaveparticularpleasureinbecause
thewelcomingspeakerusedtobemybossDrHalverson
isundoubtedlyidentifiedwiththegrowthanddevelop
mentandthebringingoftheStateDepartmentofPub
licHealthofCaliforniaintofullmanhoodfromapro
gramthatwasslightlysmallerandslightlylessmodern
andcompleteSoDrHalversoninyournewdutieshere
attheUniversityofCaliforniaatLosAngelesintheMed
icalSchoolandPublicHealthweknowthatyoustill
areapractitionerofpublichealthinfullWewelcome
youtowelcomeusApplause

DrHalversonMrChairmanhonoredguestsand
membersoftheconferenceOnbehalfofChancellor
Allenitisagreatpleasureformetowelcomeyoutothis
buildingandtothismeetingandtothrowopentoyou
allthefacilitiesandintereststhattheUniversitymay
haveforyouWeareveryhappythatyouarehereand
Impersonallyhonoredinmakingthesefewremarks
particularlybecausethismeetingisdedicatedtoaman
whohasgonethroughthehardpartsoftheearlystages
ofthedevelopmentoftheprogramsinwhichyouareso
interestedMrGray

NowIsayImpleasedtodothisbecauseyoudont
onlygoaboutdestroyingmosquitoesmoreorlesslikethe
simplefashionthatwasproposedbyacleveradvertiser
whoadvertisedasuredeathforpotatobugsfor100
Whenthe100wenttohimandwhenthisefficacious
remedycamebackitwastwoblocksofwoodwithin
structiontoputthepotatobugononeblockandhitit
withtheother

YouaredoingthatwiththesearthropodsYouareusing
everyfacilitythatisknowntoyouatthethepresenttime
ThatsyourpedestrianeverydayjobYouaredoing
morethanthatYouarekeepingyoureyesopenYouare
curiousaboutwhymosquitoesthriveincertainricefields
wheneverythingisdonetoknockthemoutWhydont
theythriveinotherricefieldswherepracticallynothing
isdone

Youareinterestedinfindingthecauseinotherwords
youareinterestedindevelopingmoreinformationabout



theecologyofthisarthropodIwasreadingtooneofmy
adoptedgrandsonslastnightandcalledmosquitoes
bugsYouareinterestedintheireradicationbut
moreimportantlyindoingeverythingyoucantolearn
moreaboutthelifehabitsofthesearthropodshowthey
disseminatediseasewhatconditionsdotheylivebest
underandofcoursehowbesttheycanbedoneaway
withattheleastexpense

ForthisreasonIamveryhappytohavebeenapart
ofyourorganizationtohaveapartintheworkwithyou
andparticularlytowelcomeyouthismorningtothis
sessionIthankyou

MrPetersThankyouDrHalversonYourremarks
certainlyindicatethatyouareputtingacrossaprofound
ecologicalapproachtothisproblemIhavetriedto
stressthatinmypastdiscussionswithmyformerDirec
torandIampleasedtoseethathehadaslighttendency
toagree

Thismorningwearegoingtohaveasymposiumtobe
moderatedbyDrKFMeyerouresteemedauthority
onthissubjectwhohasbeenforanumberofyearsin
California

DrMeyerwouldyoucaretohaveyourpanelofex
pertsupbeforethegroupsowemaylookatthemduring
thecourseofthisperiodIfsowearereadyforyou
AllrightDrMeyerhasgivenmetheauthoritytoorder
youuphere

DrMeyerMembersoftheAssociationsandLadies
andGentlemenYouwillprobablygrantmethepriv
ilegeofafewintroductoryremarksbeforewestartthe
symposium

SYMPOSIUM
ARTHROPODBORNEENCEPHALITIDES

Chairman

KARLFMEYERMD
HooperFoundationUniversityofCalifornia

SanFrancisco

Sinceepidemiologicandlaterexperimentalevidence
providedproofthatarthropodsareconcernedandquite
vitallyinthetransmissionoftheagentsofdiseaseof
thefilarialwormcausingelephantiasisinmanofthepro
tozoanparasitecausingmalariathecattlediseasesTexas
feverandnaganaoftheviralagentsofyellowfever
dengueandcertainencephalitidesthemedicalento
mologisthasassumedakeypositionnotextanteven50
yearsagoNotonlyasaninvestigatoratthelaboratory
benchbutmoresignificantlyasanobserverinthefield
theentomologistandthesanitaryengineerhavebeenin
fluentialinchangingthehealthofinhabitantsofevery
continent

Theelderstatemanintherealmofmosquitoabate
mentwhomwehonorattheJointConferenceisoneof
thoseinspiredpioneersinthisfieldofendeavorGuided
byhismasterWilliamHermshehaslivedaccordingto
avirtuethatisrapidlybecomingoutofdateAciviliza
tionthatsetsasitsgoalleisurewiththeleastamountof
exposuretoanyextremeclimaticorsocialfactorscreates
agenerationincapableofwrestlingwiththemanyprob
lemsstilltobesolvedDiligenttimeconsumingand
fatiguingobservationsinthefieldsandforestsdeserts
andplainsfurnishingtheproblemstobesolvedatthe
laboratorybenchareconsideredbelowthedignityof
manyInsteadoffollowingoldprinciplesofscientificin
vestigationelaborateequipmentsecuredthroughenor
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mousgrantsandcontractsischosentoimitatewhathas
neverbeencarefullyobservedorstudiedinnature

Thesymposiumwillunrollbeforeyouthepresentday
knowledgeoftheathropodborneencephalitidesIt
willshowyouhowmuchhardworkandwisdomwasre
quiredtoassembleandinterpretthefragmentsofknowl
edgeDozensofhorseshadtobeautopsiedinthebroiling
sunofthemidsummerheatintheCentralValleybefore
thecausativeagentcouldbeisolatedinthelaboratory
Inductiveanalysisoffieldobservationsleftlittledoubt
thattheagentreachedthehostthroughtheassistance
ofavectorThepeculiarconcentrationofcasesalongirri
gationditcheswassignificantButhowcouldavector
playarolewhenitwasimpossibletofindthevirusinthe
bloodoftheinfectedUntilitwasshownthatforonly2
or3dayswasthebloodinfectioustheconveyancebyvec
torswasmerelyahypothesisAtthisstageakeenlycon
ceivedlaboratoryexperimentwithAedesmosquitoes
servedasaleadtothenextstepwhichhadtobetaken
againinthefieldWithyellowfeverasamodelitwas
decidedtosearchfortheencephalitisvirusinthebodies
offreshlycapturedbloodsuckingwildcaughtmosquitoes
By1941thisenterprisehadprovedexceptionallysuccess
fulNotonlytheequineencephalitisbutalsotheSt
LouisviruswasdemonstratedincertainspeciesofCulex
mosquitoesMoreovertheactivitiesofCulextarsaliswere
closelycorrelatedwiththeepidemicwavesofequineand
humanenchephalitis

Ourclairvoyantmemberwhomwehonorclearlyrecog
nizedtheimpactoftheseobservationswhenhesaidin
1941Ourworkmustbemoreintensiveanddirectedto

specieswhichwehavemoreorlessneglectedinthepast
inmostareasAsamemberoftheVectorControlAd
visoryCommitteesince1946andasaleaderinthelegis
latureforsubventionfundstocontrolthemenaceofen
cephalitishehaseffectivelyinfluencedtheplanningand
progressintheunderstandingofthearthropodborneen
cephalitidesandtheircontrolItisthereforeproperthat
hiscolleagueshouldinformofpapersanddiscussions
reviewthepresentknowledgeofthisveryinteresting
groupofinfections

Themorningsessionisherewithdeclaredopen

SOMECLINICALASPECTSOFWESTERN

EQUINEANDSTLOUISENCEPHALITIS

WMALLENLONGSHOREJRMDMPH
BureauofAcuteCommunicableDiseases

CaliforniaStateDepartmentofPublicHealth
Introduction

Theclinicalcharacteristicsofpatientsafflictedwith
oneofthesetwoarthropodborneencephalitideshave
beendescribedmanytimesintheliteraturewithparticu
larregardgiventotheclinicalpictureofthespecifictype
outbreakoroccurrencebeingreported16

Allofthesereportsareconfirmedbytheclinicalexper
ienceinCaliforniawhichincludesobservationoftheen
demicoccurrenceofcasesofbothWesternEquineandSt
LouisencephalitisyearafteryearThecliniciansmajor
difficultyisoneofattemptingadefinitivediagnosisbased
onaclinicalexaminationofthepatientThisproblemis
notreadilyandeasilysolvableasencephalitisisasyn
dromewhichmayresultfrommanycausesThesepara
tionoftheseentitiesisessentialfortherapeuticaswellas
epidemiologicpurposesUltimaterelianceonthelabora



toryaidsfordefinitivediagnosisisemphasizedagainand
againandwiththisemphasiscomestheequallyimportant
needforbetterunderstandingoftheinterpretationof
laboratoryresults

Theattemptofthispresentationistodiscusssomeof
theareaswhichposeproblemsandresultinsomecon
fusionandconcernspecificallyastheyapplytotheareas
oftheclinicaldiagnosisandtheclinicalmanagementof
patientsevincingencephalitissymptoms
Occurrence

Fortheyear1954therehavebeen635casesofen
cephalitisreportedtotheStateHealthDepartment
TwentytwoofthesehavebeenidentifiedasduetoWest
ernEquineviruswhile99havebeenattributedtothe
StLouisvirusThisyearspredominanceofStLouis
humancasesoverWesternEquinetypehumancasesis
notreadilyorsatisfactorilyexplainedonthebasisofour
currentknowledgeManyhypothesesarepossibleone
oftheseisthatthe1952outbreakproducedwidespread
immunitytotheWesternvirusthroughsubclinicalinfec
tionsthusleavingthewayopentotheStLouisviruspre
dominatingin1954Verylittleclinicalactivitydueto
eitherWesternorStLouisviruseswasfoundin1953in

spiteofsome382casesofencephalitisbeingreported
Commentsanddiscussionsonthepresenceorabsenceof
arelationshipbetweenvirusisoluationfrommosquitoes
andtheoccurrenceofhumancasesalthoughamost
temptingsubjectwillbelefttoothermembersofthis
panel

TABLE1

AcuteEncephalitisbyType
19531954

Total
Cases TypeUndet WEE STL

1953 1954 1953 19541953 1954 1953 1954

January 15 16 6 5

February 9 29 6 5
March 24 30 6 6

April 31 34 8 8

May 36 58 9 11

June 44 82 11 18

July 51 43 20 7

August 56 96 20 48
September49 110 26 40
October 28 100 9 44
November17 28 6 23
December22 9 11 5

4

7
3

5 11 55
8 3 29
6 7

Total3826351142 2201 1422 2299

Bymonthononset
tProvisionalbymonthofreport
Totalsincludemumpsmeaslesetcencephalitede

CausativeAgentEtiology
Discussionofthisproblemcouldbeextensive suffice

ittostateherethatmanyagentslivingandnonliving
cananddoproducethecentralnervoussysteminvolve
mentrecognizedclinicallyasencephalitisBacteria
protozoaspirochetesandtoxinsaswellasviruseshave
beenimplicatedHenceinthedifferentialdiagnosisthe
exclusionofsomeofthemorecommonexcitentsmust

becarriedoutAgoodhistoryofexposuretochildhood
diseasesmumpsmeaslesorchickenpoxandlaboratory
studiesareimportantinthismatterSpinalfluidcell
countssmearandcultureandchemistryareofvaluein
excludingbacterialinfectionsandinestablishingthefact
ofthepresenceofaninflammatoryprocessinvolvingthe
centralnervoussystemBloodcountsusuallyareunre
vealingparticularlyinthoseofvirusoriginHistopath
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ologicexaminationofpostmortemspecimensmayreveal
changesdescribedastypicalencephalitisbutrevealslit
tleornothingastothecauseofthesechangesIsolation
fromthebrainofanarthropodbornevirusisspecific

Theinflammatoryresponseofthebraintoanyagent
islimitedsoinanyonecasethesymptomsarethoseofan
encephalitisregardlessofthespecificagentinvolved
Forinstanceduring1953and1954therewasawide
rangeofcausationinthetotalofencephalitiscasesreport
edmumpsvirus360Westernvirus36StLouisvirus
121chickenpox32measles94andunknown
361DrLennettewilltouchuponthispointfurtherin
hispartofthesymposiumTable2

TABLE2

ReportedCases AcuteEncephalitis
ByEtiology1953and1954

Etiology 1953 1954

Undetermined 141 220
StLouis 22 99

WesternEquine 14 22

Chickenpox 7 25

Coccidioidomycosis 1

Herpes 1 1

Influenza 1 1

Infectiousmononucleosis 1
Measles 33 61

Mumps 160 200
Rubella 1

Other

Otitimedia 2

Pneumonia 2

Postvaccinal 1 1

TOTAL 382 635

Provisionaldata

ClinicalPicture

Thereisusuallylittledifficultyinestablishingthefact
thatapatienthasaninvolvementofthecentralnervous
systemplusfeverSymptomsfrequentlyincludehead
achestiffneckmalaisenauseavomitingtremorsor
twitchingswithdrowsinesslethargystupororcomaall
ofwhicharerelatedtoaninflammationofthebrainor

anencephalitisHerethefirstproblemarisesindeed
thepatienthastheclinicalfindingsofanencephalitisbut
thisfactualobservationmerelylocatesthesiteofthein
flammationandunfortunatelygivesfewcluesastothe
causationThusreportedcasesofencephalitisofficially
reportedbylocalhealthdepartmentsandfromwhichour
Statetabulationsareoriginallycompiledincludemany
illnessescharacterizedbytheencephalitissyndromewhich
aretheresultofagentsviralorotherwisenotidentifiable
aseitherWesternEquineorStLouisvirusManyofsuch
caseshavebeenshownbylaboratoryteststobemumps
viralinfluenzaorherpessimplexothersbytheirhistory
tobechickenpoxormeaslesandevenalargercategory
about35percentarefinallyallocatedtoaspecialcate
goryofencephalitis etiologyunknownTable2
Considerationofthislastcategoryleadstotheconcept
persistingthatoneorseveralasyetundiscoveredviral
agentsareplayinganimportantroleintheencephalitis
pictureinthisStateanditsencouragingtoknowthatthe
searchforadditionalagentsisbeingcontinuedatanac
celeratedpaceInordertoobtaincompletedataandto



categorizebyetiologyasmanyoftheseillnessesaspos
siblemedicalstudentshavebeenassignedtohospitalsin
strategicareasoftheStatetoobtaindiagnosticmaterials
onalladmissionsevidencingcentralnervoussystemin
volvementwithfeverForthepasttwoseasonsinCali
forniawehavebeenattemptingtohaveallclinicalen
cephalitiscasesreportedstatingetiologyifknownoras
etiologyunknownifthatisthecaseWiththisinforma
tionandsubstantiationbytheintensivelaboratorycon
firmationprogramitishopedthattheresultantcategor
ieswillbesuitableforstudyandanalysisCurrentuse
ofthisandrelateddataisexemplifiedbythebiweekly
reportsprovidedforlocalhealthdepartmentsandmos
quitoabatementdistrictstokeeptheminformed7

Itshouldbeobvioustooneandallthattheindividual

patientsresponsetoinfectionwithanagentwhichaffects
thecentralnervoussystemisdependentuponamulti
plicityoffactorsmanywellrecognizedandmanypos
siblyunrecognizedAbriefdiscussionseemswarrantedof
oneortwoofthesefactorswhichmaydetermineifanin
fectedpersonwillorwillnotdeveloptheclinicaldisease
ofencephalitis

RangeofSeverity
Aconceptwhichmeritsfurtherthoughtandconsider

ationistheoneoftheinfectionspectrumofthesetwo
viralagentsThereissomeevidencethatthearthropod
borneencephalitidesinCaliforniabehaveinasomewhat
similarfashiontootherviralinfectionsinvolvingthe
centralnervoussystemforexamplepoliomyelitisThe
rangeofinfectionapparentlyincludesmanyindividuals
whoareinfectedwiththevirusbutsuffernoevident

illnesssubclinicalinfectionandtheotherextremeis
infectionleadingtoafulminatingdiseaseandresultsin
deathAllgradationsofillnessfrommildtocriticalfill
thegapbetweenthesetwoextremesThiswidebandof
infectionisareflectionofthetremendousvariationspos
sibleinanindividualsclinicalresponsetotheinfection
Thesevariationsinclinicalcoursehavebeenconsistent

overtheyearsourobservationshavebeenmadeThis
responsedependsonmanyvariablefactorsincludingthe
patientssusceptibilitytothevirusasdeterminedbyage
immunityetcandthedosageofthevirusAsaresultof
thesevariablesthepatternofclinicalillnessalsodeviates
frequentlyfromthetypicalclinicaldescriptionofenceph
alitisSomeonehasevendescribedagroupoftheseindi
vidualsashavingnonencephaliticencephalitissug
gestingthatthesignsoftheinfectionweresomildand
abortivethatevidenceofinflammationofthebraindid

notappeareventhoughthepatientsillnessdefinitely
couldbeattributedtoWesternEquineorStLouisen
cephalitisvirusbylaboratorytestsIn1952inanattempt
toexploretheclinicalsymptomswhichmightbeattrib
utedtotheencephalitisvirusesallpatientswithfever
attwoCountyhospitalsinCaliforniawereexaminedand
ofthisgrouptwoinfantswhosemainsymptomswere
feveranddiarrheashowedantibodytiterrisestoanarth
ropodborneencephalitisviruswhichwereconsidered
diagnostic8Thisareaofinquirycouldstandfurther
investigation

Itshouldbeadmittedherethatoneofthemajorgaps
inourknowledgeofthebehaviorofthesetwovirusesin
humansisthemeagerinformationcurrentlyavailableon
theimmunitystatusofthepopulationSerologicsurveys
havebeenextremelylimitedTheneedforsometoolto
helpfillthisvoidisevidentandthesearchforasuitable
skintestisunderwaytohelpmeetthisneed
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DifferentialDiagnosis
Someideaoftheextentoftheproblemisillustratedby

Kokernotetal1inaratherimpressivelistofthe
physiciansoriginaldiagnosesofpatientswhowereshown
laterbylaboratoryteststohavehadinfectionwitheither
WesternEquineorStLouisencephalitisvirusTheori
ginaldiagnosesincludedpolioencephalomyelitisbacter
ialmeningitistuberculousmeningitismumpsencephal
itiscoccidioidalmeningitislymphocytischoriomenin
gitiscentralnervoussystemsyphilisotitismediabrain
traumabrainabscesscerebrovascularaccidentconvul
sivedisordercardiacfailurediabeticcomaandSyden
hamschoreaItisworthrepeatingherethatclinically
itisimpossibletoseparatepatientswithviralencephalitis
intoetiologiccategories

Oneareaofspecialinterestwhichwarrantedmention
inthereportofthe1952Californiaoutbreakandwhich
during1953and1954hascontinuedtodrawouratten
tionisthequestionofthepossibilityofmultipleinfec
tionsoccurringinthesamepatientatthesametimeThis
ideaissuggestedbytherepeatedoccurrenceofcentral
nervoussystemdiseasewithfeverwhichclinicallyisdiag
nosedaspoliomyelitisbutbylaboratorytestsmeetsthe
diagnosticcriteriaforalaboratoryconfirmedcaseofSt
LouisorWesternEquineencephalitisThesecaseshave
beenamongthosediagnosedasnonparalyticpoliomy
elitisspinalparalyticandevenbulbarpoliomyelitisAd
ditionalspecificstudiesonthisgroupofpatientsiscon
templatedinanattempttoassigntheresponsibilityfor
thediseaseprocesstotheproperviralagentTheability
toobtainthesedatawilldependmuchonthedevelop
mentandroutineapplicationofasimpleandadequate
laboratorytestforpoliomyelitissimilartotheoneswe
nowhaveforWesternEquineandStLouisencephalitis

Alltheforegoingcommentdoesnotmeanthatunder
somecircumstancesitisimpossibletobefairlywellsatis
fiedwithadiagnosisofclinicalencephalitiswithconsid
erableconfidencethattheetiologicagentisoneofthe
arthropodborneencephalitisvirusesInCaliforniaen
cephalitiswithfeverandconvulsionsduringthemonths
ofJunethroughOctoberinaninfantlivingintheSan
JoaquinorSacramentoValleyisafairlygoodbettobe
WesternEquineencephalitisandisveryveryunlikelyto
beStLouisencephalitisThesetypesofepidemiologic
factspreviouslyfoundinCalifornia89havemain
tainedtheirconstancyduringtheseasonsof1953and
1954Brieflystatedtheseasonofdiseaseonsetcontinues
tobesharplylimitedtoJunethroughOctoberinclusive
Table1TheagedistributionofWesternEquinecon
tinuestohavealargeproportion30percentunder
theageof1and50percentundertheageof10while
StLouishasonly1percentundertheageof1withthe
majorityofthecasesoccurringbetweentheagesof20
to40Ingeographicdistributiontheprovencasesare
confinedinthegreatmajoritytothehotirrigatedareas
ofthecentralvalleyoftheStateWithregardtosexthe
distributionisstillmales2to1

Therapy
Oncethediagnosisofviralencephalitisisestablished

orwhileawaitingdiagnosisthereisnospecifictherapy
thatmaybegivenSupportivemeasuresareindicated
andessentialwhilegoodnursingcareisofparamount
importanceandmaymeanthedifferencebetweenrecov
eryanddeath10

Inthelightoftheaboveinabilitytotreatspecifically
itisperhapsfortunatethattheoutcomeofcasesofSt



LouisandWesternEquineencephalitisisingeneral
highlyfavorableThefatalityrateisabout7percentfor
allofthereportedacuteencephalitisintheStateandis
muchbelowthisfigureforeitherofthespecificarthro
podborneviruses

Thereisacurrentstudyoftheclinicalresidualsthat
resultfromhumaninfectionundertheauspicesofStan
fordMedicalSchoolThefindingsofthefirsteighteen
monthsfollowupofcaseswhichoccurredin1952willbe
publishedshortly11Followingthecompletionofthis
study4to8yearsfromnowthereshouldbegooddataon
theresidualeffectsthatcanbeexpectedfollowingan
acuteepisodeofencephalitisduetothearthropodborne
viruses

Summary
Insummaryitcanbesaidtheproblemofetiologic

diagnosisisamajoroneinacaseofencephalitislabora
toryassistanceisanessentialpartofadefinitivediagnosis
furtherstudiesareindicatedregardingthepossibilityof
dualinfectionsearchforunknownetiologicagentsare
warrantedtofilltheexistingdiagnosticgapspecificthera
peutictreatmentsarenowlackingprognosisinWestern
EquineandStLouisencephalitisisgenerallygoodboth
withregardtostayingaliveandtomakingacomplete
recoveryandinformationregardingthespectrumof
infectionneedsaugmentationparticularlywithregard
toinformationonthesusceptibilityofvariouspopulation
groups

Muchmoredataregardingthevectorpopulationsin
fectionratescontrolmeasuresetcarealsoessentialto
completeourknowledgeinthefieldofarthropodborne
encephalitisbutdiscussionoftheseareashasbeenassigned
toothersonthispanel
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DrMeyerDrLongshorethisscholarlypresentation
isopenfordiscussionFirstonthepartofthepanel
Doesthepanelwanttoaddanythingtothis

Itmightbequiteappropriateifsomeofthepeoplein
theaudiencecouldtellussomethingabouttherecent
episodeintheRioGrandeValley

MrHessThelastreportwehadfromtheTexasState
HealthDepartmentwasthattheyhadisolatedStLouis
notonlyfromcollectionsofCulexquinquefasciatusbut
alsofromthebrainsoftwoindividualsthatdiedduring
theepidemicThatwastoldtousacoupleofweeksago
bypeoplefromtheStateHealthDepartmentWehavent
seenanywrittenconfirmationofthatinformationbut
theywereconvincedthatitwasaStLouisepidemic

DrMeyerTowhatextentandoverwhatperiodsdid
itoperateWhendiditstartWasitinSeptemberor
October

MrHessItapparentlystartedearlierIhaveforgot
tentheexactdatemyselfOfcoursetheygotinlateafter
thethinghadalreadystartedasusuallyhappens

DrMeyerAnyestimateofthenumberofclinicalcases
involved

MrHessIsawonefigureof600butIwouldhate
tohavethatquoted

DrMeyerIveheardthatfiguretoobutIwantsome
authoritativestatements

MrHessThefinalreportisgoingtobepreparedin
thenearfutureandpublishedIbelieveasagroupof
fourpapersTheynowarebeingwritten

DrMeyerIsntthatthefirsttimethatitwascon
clusivelydemonstratedintheRioGrandeValley

DrReevesNosir
DrMeyerYouwereoncedownthere
DrReevesTherewereclinicalcasesofEasternWest

ernandStLouisintheRioGrandeValleyin1941
DrMeyerThatsaveryimportantthingin1941

youweredownthereatthattime
DrReevesHammondwastherein1941 Brookman

andIweretherein1942Theyhadnocasesthenlaugh
DrMeyerWhataboutthearthropodencephalitides

inhorseswhichoccurredinsectionsofFloridanoLou
isianaDoesanybodyknowanythingaboutthatAsyou
seeImtryingtoremovethestigmafromtheStateof
Californialaugh

MrHessTheygottotheFloridaoutbreaklatealso
andIthinktheyhadonlyonehorsecaseIsntthatright
Barney

DrBrookmanThatwasthelastoutbreak

DrMeyerHowmanyhorseswereinvolved
MrMulrennanTherewere3or4casesofhorsesIn

PalmBeachCountyabout7or8casesinhorsesAssoon
asweheardofitwewentinandfoggedandairplane
sprayedtheareaandafterthesprayingtheinfestationin
thehorseswenttozeroWealsohadacaseortwoin
LeakCountyonthewesterncoastofFloridaWefol
lowedthesameprocedurethereandthehorsecases
droppedtozeroIdontknowwhetherwebroughtit
undercontrolornaturebroughtitundercontrolbut
wesureplasteredtheDDTandBHCaround

DrMeyerIfyoudontmindmybeingfacetious
weareusuallycontrollingadiseasebeforeweunderstand
itThiswasaclassicalremarkbythemanwhohada
greatdealtodowiththeelucidationofthearthropod
vectorsofdiseaseThatwasTheoboldSmithHemade

thatclassicalremarkin1919that usuallywecontrol
AndIthereforealwaysmakeapleabeforeyougo



oreradicateadiseasebeforewereallyunderstandit
aroundwithaflitgunfindoutwhatitislaughter

MrMulrennanThatmaybetrue
DrMeyerYesbutthepeoplearecryingthatyoudo

somethingWemustalwaysdosomething
MrMulrennanWellnowthatmaybetruewhat

yousaybutthereareotheraspectsyouhavetoconsider
Ifwesitbyanddonothingandgetagoodfullblown
epidemicthentheywillrunusalloutofthestate
laughterInspiteofallwecoulddoandwehadexperts
meetingonemorningaslaymenandthisexpertfrom
CornellUniversitysaidhedstakehisreputationonwhat
itwasAsIunderstoodititwasaviruscalledCoxackae
orsomethinglikethatTheysayitwasntarthropodborne
TheonlythingIknowisthisthatthecityofTallahassee
andthepeopletherelostthousandsofdollarsbecauseno
oneintheStateofFloridaornoonefromtheotherstates

wouldevenstopatTallahasseeAndallofthemotor
courtsandhotelswerecompletelyvacantIdontknow
justhowmanycasestheyhadbutitwasseveralhun
dredandwearestillpayingforitIagreewithyouthat
itisnecessarytogetinandfindoutaboutthesethings
butinourstatewedependonpeoplecomingintostay
WedontsparetheflitgunIcanassureyoulaughter

DrMeyerWellthereyouareSomeonesaiditwasa
Coxsackieviruswhichweknowisnotarthropodborne
thereforewehavetwodifferentopinionsaboutitIsit
truethattheyhavehadWesternEquineinNewJersey
HowaboutthatDrReeves

DrReevesWeheardHoldenmakethatstatement

DrMeyerBeingbroughttolightthatcertaininfec
tionchainsaremaintainedthroughcontactanddont
needavectorwhichistrueitisveryimportantthatwe
dontgoawaywiththeimpressionthatundercertain
conditionsthecyclemaybemaintainedbyothermeans
ImafraidwehavetomoveonArethereanyquestions

youwouldliketoask
ThenextpresentationwillbetheVeterinaryAspects

givenbyDrBenDean

VETERINARYASPECTS

BENHDEANDVM
BureauofAcuteCommunicableDiseases

CaliforniaStateDepartmentofPublicHealth

Iwouldliketodiscussbrieflytheprevalenceofen
cephalitisinhorsesinCaliforniaWhenIspeakofenceph
alitisinhorsesIamreferringtothewesternequinetype
becauseasfarasisknownStLouisvirusdoesnotcause
aclinicalillnessinhorsesThedatathatIquotearefrom
reportsreceivedbytheCaliforniaStateDepartmentof
Agriculturefrompracticingveterinariansandinturn
totheStateDepartmentofPublicHealth

Duringthepast10yearsreportedhorsecasesvaried
from442in1945toalowof27in1953Duringthis
periodtherewerereported407in1952and54in1951
Thereportsshowasharpupanddownpictureoneyear
ahighnumberofcasesthenextyearalownumberWe
havesomeevidencethatthesereportsdonotrepresent
anylackofinterestonthepartofpracticingveterinarians
inreportingcasesAsanexampleinspiteofveryexten
siveeffortsin1946tofindhorsecasesweonlyfound
147whereasintheprecedingyearof1945442cases
werereportedin1952407werereportedandin1949
268caseswerereportedwithoutanystimulus
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Itmaybesaidthatwhenoutbreaksorlargenumbers
ofhorsecasesofencephalitisarereportedthevaccina
tionprogramisstimulatedsothatinthefollowingyear
therearelesssusceptiblesItmaybethatthereisnatural
exposureduringthesehighyearsandthatthenextyear
therearelesssusceptibles

Whenstudyingthegeographicdistributionofreported
horsecasesinCaliforniawefindthatthereisawidevari
ationthroughoutthestateFrom1947to1954horsecases
werereportedfrom55ofthe58countiesofCalifornia
OnlythreecountiesdidnotreportahorsecaseOfthe
1340horsecasesreportedfrom1947to1954wehave
prettygooddataonthefollowingexamplesInthesouth
ImperialCountyreported101ofthe1340casesand
SanDiegoreported50casesInthefarnorthSiskiyou
Countyreported23andModocCounty30Coastal
countiesalsoreportedcasesMendocinoCounty25San
LuisObispoCounty22ontheeastsideInyoCounty
9andMonoCounty3Wetriedtomakesomeestimate
ofattackratesbasedonestimatedhorsepopulationsbut
didnotfindanysignificantvariation

In195451caseswerereportedThese51caseswere
from22countiesThecountiesrangedfromModocthe
farthermostnortheastcountytoImperialCountythe
farthermostsoutheastcountyOneofthevalleycounties
StanislaushadeightSacramentoCountyhadfourand
therestofthevalleycountiesoneortwocases

Thestudyoftheseasonaldistributionshowedthatthe
peaksofreportedcaseswerereachedinJulyandAugust
CasesactuallyoccurredfromMayuptoNovemberbut
usuallyonlyoneortwoinMaythreeorfourinApril
uptothepeakandthendowntooneortwoinNo
vember

Wemadearatherextensiveinvestigationoftheso
called1952epidemicDuringthatyear407caseswere
reportedThisstudyshowedaverymarkeddifferencein
thegeographicaldistributionofthehumanandhorse
casesThemajorityofthehumancasesoccurredinthe
valleywhereasthehorsecaseswerescatteredAsmany
casesoccurredinthesocalledfringeareasincounties
outsidethevalleyareasasoccurredinthevalleyThis
mayhavebeenduetopossibleimmunityofhorsesinthe
valleyfrompriorexposureorduetotheheavyvaccination
thatisdoneinthevalleyascomparedtothesecoastal
oroutlyingcounties

Theencephalitisdiseasepictureinhorsesfollowsa
verysimilarepidemiologicalpatternasthatinmanin
thatusuallyonehorsecaseisreportedonaranchand
thenotherswillbereportedinwidelyscatteredareas
Rarelyhastherebeentwohorsecasesononeranchal
thoughtheymayhave30or40horsesAsfarasIknow
wehaveneverhadreportedahorsecaseandahuman
caseoccurringonthesameranch

Ithasbeenstatedthathorsecasesoccuronetothree
weeksbeforehumancasesInstudyingourcasesovera
periodofyearswefindthatthisisnotalwaystrueSev
eraltimeshumancaseswerereportedbeforehorsecases
Inseveralinstanceshorsecasesandhumancaseswere
reportedatapproximatelythesametimeTheremaybe
adiflerehceinreportingwhichwouldaccountforthe
factthathorsecasesdonotalwaysoccurfirstPersonally
Ithinktheymayoccurearlierlateroratthesametime

Itiscommonlybelievedthathorsecasesstartinthe
southandduringthesummermonthsmovenorthWe
foundthisdoesntPlwaysholdtrueIn1952alargenum
herofhorsecaseswerereportedfromRiversideCounty
inlateAugustatthesametimehorsecasesintheSan



JoaquinValleywererecedingInotheryearswehavehad
horsecasesreportedinMayfromTehamaCountywhich
isfarnorthbeforeSanJoaquinorImperialValleyre
portedcases

Imightsayawordregardingthevaccinationofhorses
ThepracticeisquitecommoninCaliforniaForseveral
yearswehaveattemptedtoobtainreportsofanytypeof
encephalitiswhichoccurredinhorsesthathadbeenvac
cinatedforatleasttworeasons1tofindouthow
effectiveisthevaccineand2ifahorseisvaccinated
ifthevaccineiseffectiveandifhedevelopsanencepha
litisitmaybethatadifferentviralagentisinvolvedWe
arelookingthenforadifferentetiologicalagent

Duringtheperiodofstudywehaveneverfoundacon
firmedhorsecaseinahorsethatwasvaccinatedatleast

30dayspriorandnotoveroneyearOnthisbasiswe
couldassumethatthevaccineprobablyisveryeffective
30daysaftervaccinationanduptooneyear

Wecarriedoutsomeserologicalsurveysofhorsesin
theSanJoaquinValleyandthesesurveysshowedthat
approximately3040percentofthehorseshadevidence
ofStLouisantibodiesAsstatedbeforenooneasfar
asIknowhasreportedanaturallyoccurringdiseasein
horsesduetotheStLouisviruswheninoculatedinter
cerebrallyhasproducedtheclinicaldisease

ThemostextensivestudyinCaliforniaofencephalitis
inhorseswascarriedoutin1946Atthesametimethe
studiesinhorseswerecarriedouttherewerestudiesof
humancasesMosquitoandvectorcontrolpeoplewere
carryingoutastudyduringthesameperiodTwelveval
leycountieswereselectedasthestudyareaThebasisof
selectionwasthatthemajorityofhorseandhumancases
hadbeenreportedfromtheseareasUnfortunately1946
happenedtobeaverylowyearasfarasincidenceofen
cephalitisnotonlyinCaliforniabutnationwideThe
UnitedStatesDepartmentofAgriculturereported1946
asthelowestofthe12precedingyearsIwontgointo
thisparticularstudybutweattemptedtofindallhorse
casestoobtaincompletehistoriesoneachcaseandspeci
mensforlaboratorytestsFollowingthestudyananalysis
ofthedatawasmadeanditwasdecidedthattherewere
manyquestionsthatwewouldliketohaveansweredbe
forefurtherstudiesshouldbemade

Inanattempttoclarifysomeofthequestionsanex
perimentalstudyrelatingtothepathogenesisofthedis
easeinhorseswassetupThestudywascarriedouton
theUniversityofCaliforniacampusatBerkeleyatthe
DivisionofVeterinaryScienceThelaboratoryworkwas
underthedirectionofDrGordonMeiklejohnThefirst
jobwastofindandbuyhorsesthatdidnothavewestern
eauineantibodiesHorseswerebledandtestedbymeans
oftheneutralizationtestforwesternantibodiesandif

negativewereboughtandusedintheexperiment
Someofthequestionswewantedansweredwere
1Whatisthedoseofwesternequinevirusnecessary

tocausedeathorillnessinhorses

2Whatisthetimeofappearanceandlevelsofneu
tralizingcomplementfixationantibodiesafterinfection

3Whatisthedurationoftheviremia

4Whatistheincubationperiod
Wealsothrewinafifthquestionastotheleveland

persistenceofantibodiesincoltsfoaledfrommareswith
antibodies

Thechallengeworkwasalldonewithawesternequine
virusthathadbeenisolatedfromahorsethathaddied

ofthenaturallyoccurringdiseaseinTulareCountyThe
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viruswasisolatedinchickembryoOnepassagewasmade
andthenusedItwasnotfixedinmice

Whenstartingtheworkweattemptedtosimulatewhat
wethoughtoccurredactuallyinnatureMostofthechal
lengeworkinwesternequineandIbelieveeastern
equineinhorseshasbeendonebytheintercranialroute
Wefeltthatinnaturetheinfectionoccurredthroughthe
bitingofinsectvectorsThereforewechallengedthese
horsesbyinterdermalsubcutaneousandintervenous
inoculations

Therewaslittleinformationintheliteratureregarding
theamountofvirusnecessarytocauseclinicalillness
Thechallengeexperimentsrangedfrom5000chickem
bryoLD50dosesto500000000embryoLD50doses
Eachhorsethatwasinoculatedwasobservedandtem
peraturestakenforatleastfivedaysprecedingthetest
Followinginoculationthehorseswereisolatedexam
inedtemperaturestakenbleddailyfor14daysthen
turnedlooseinapastureandobservedforthefollowing
30daysandonoccasionbroughtinandbled

Verybrieflytheresultsofthisexperimentfirstthe
dosenecessarytocauseillnessThesmallestdoseused
producednoclinicalsignswiththelargestdoseonlyone
horseshowedevidenceofslightillnessOfthehorsesthat
wereinoculatedwith50000to5000000LD50fiveof
the15showedclinicalsignswithonedeathThisisin
linewiththefieldobservationsthatthenumberofclin
icalcasesissmallinrelationtothenumberthatshow
neutralizingantibodies

Thetimeofappearanceofneutralizingantibodiesva
riedfromtwoto18daysdependingonthedoseofvirus
usedWith5000LD50neutralizingantibodiesappeared
inapproximately18daysWiththe500000000LD50
neutralizingantibodiesappearedin2to4daysIngen
eraltheneutralizingantibodiesappearedearlyroserap
idlytoamaximumandstayedthereonlyashorttime
Thisisanimportantpointinlaboratorydiagnosisifyou
areusingtheneutralizingtesttoshowariseintitrebe
causebythetimethehorseswereilltheyalreadyhad
highneutralizingantibodiesandtherewaslittlechance
ofshowingariseintitreTheCFantibodiesontheother
handcamemuchlater10to20daysandtheywere
notaffectedtoomuchbythedoseofvirusThereforeif
youareusingaserologicaltesttheCFtestwouldhethe
besttooltouse

Theincubationperiodorthetemperaturesofthese
horsesstartedup7to8daysafterinoculationClinical
symptomsdeveloped8to11daysQuiteoftenthetem
peraturepeakoccurredbeforetheclinicalsymptomsoc
curredThatisinlineagainwithpracticingveterinarians
statementsthatbythetimetheyarecalledouttoseea
horsethetemperatureisuponlyahalfdegreeandquite
oftendowntonormal

Thedurationofviremiawasanimportantquestion
fromapracticalstandpointonthebasisthatwhenahorse
wasclinicallyillahealthofficerwantedthehorsedis
posedoforeliminatedimmediatelybecauseofthebelief
thatthesickhorserepresentedahazardtopeopleWe
foundthattheviruscouldbeisolatedfromtheblood

streamoftheseinfectedhorses24hoursupto5daysbut
neverlater

Ifthevirusiscirculatinginthebloodstreamforthe
firstfivedaysasamaximumtemperaturesoccur7to8
daysandclinicalsigns9to11dayslaterBythetimea
horseisclinicallyillIdontbelievehepresentsahazard
becausethevirusisnolongerinthebloodstream



AsmallseriesofmaresandfoalsweretestedThemares

weretestedforneutralizingantibodyandrecordingsmade
eitherpositiveornegativeWhenthesemaresfoaledwe
testedthecoltsInallcasesifthemareshadantibodies
thecoltsalsohadantibodiespersistinguptothreemonths
Whetherornotthesecoltshadsufficientantibodiesto

affordprotectionisnotknownThequestioncomesup
inthevalleyareashouldyouvaccinatecoltsuptothree
monthsofageApproximately80percentoftheolder
horsesintheSanJoaquinValleydohaveneutralizing
antibodiesTherefore80percentofthecoltsmaybeim
muneforthefirstthreemonths

InconclusionIthinkwecansaythatinCalifornia
westernequineencephalitisinhorsespresentsnoparticu
larpatternthatwouldcharacterizethediseasefromyear
toyearItisnotanimportanteconomicproblemsince
thevaccineisextensivelyusedwherethediseaseisen
demic

Themostimportantpartisitsrelationtothediseasein
manFromthestandpointofacrudeindexofinfection
indicatingtheprevalenceanddistributionofthevirus
thereportingofhorsecaseswithfollowinglaboratory
testsareveryimportant

Theroleofthehorseasapossiblesourceofinfection
needsmorestudyIknowthatmanywilldifferwiththis
opinionButIbelievethatwhentheviremialastsupto
fivedaysthereisapossibilitythatduringthefiveday
periodthehorsecouldinfectmosquitoeswhichinturn
couldinfectmanandotherhorsesIthankyou

DrMeyerArethereanyquestions
DrSoperInthehorsethatdiedoffatalinfection

whatwasthedoseandwhatwastheincubationperiod
inthatparticularanimal

DrDeanThedoseDrSoperwas500000chickem
bryoLD50Thehorseshowedclinicalsignsontheeighth
dayItwasabout48hoursearlierthantheaverageI
believethetemperaturestarteduponthesixthdayWe
temperaturedthehorsestwicedailyManytimeswe
pickedupatemperatureof104Fandthehorseshowed
nosignsofillnesssothatifafarmerorsomeoneelsehad
beenusingthesehorseshewouldneverhavenoticedany
thingwrong

DrMeyerInexperimentswedidabout25yearsago
20horseswereinoculatedintercutaneouslywiththe150
000guineapigdosesAtthattimewedidnthavethe
meanstopropagatethevirusintheeggthatonlycame
upin1934Noneofthesehorsesshowedanyclinical
signsthoughtheyranafever

Averydistinctoppositewasthatthesamedosewas
thengivenbyaveterinarianatDaviswhothoughtthis
wasamarvelouswaytoimmunizehisridinghorsea
hunterHeinoculatedthesamedoseintercutaneouslvand
12dayslaterhecalledmeupandaskedifIwouldcome
upanddothepostmortemonhishorseSoyouseethere
maybeindividualvariationsinthedispositiontoaccept
thevirusThatwasquiteclearinsubsequentyearswhen
actuallythehorsepopulationsofthevalleybecamesoin
herentlyimmuneyouhadtodoyourexperimentson
45montholdcoltsYoucouldnotexperimentanymore
bythecutaneousroutewiththedoseofviruswehad
chosenWehadtotransferthevirusentirelybytheinter
cerebralrouteThatwholequestionisstillwideopen
withregardtothevariabilityoftheindividualhorsesto
acceptthisvirus
IrememberinHammondsdaywhenhetestedwe

hadtogetthehorsesfromanareainNevadatoreally
produceaninfectioninthemIthinkyourpointisan
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exceedinglyinterestingonethatprobablyoverwhelming
dosesmayproduceanentirelydifferentphysiologicalef
fectonthatvirusandsmalldoseswhichprogressivelyin
vadethecentralnervoussystem

ETIOLOGICASPECTSOFTHEINFECTIOUS
ENCEPHALITIDES

EDWINHLENNETTEMDPHD
ChiefViralandRickettsialDiseaseLaboratory

CaliforniaStateDepartmentofPublicHealthBerkeley

Mydiscussionthismorningisdirectedatcertainprob
lemsconcerningtheetiologicagentsoftheinfectiousen
cephalitidesThetermencephalitisisagenericoneand
clinicallyisappliedtoanysetofsymptomsandphysical
findingswhichpointtoaninflammatoryconditionofthe
brainasthecauseofthepatientsillnessTheunderlying
causeisnotalwayseasytoascertainastheconditioncan
beproducedbysuchdiverseagentsastoxicgasesnoxious
chemicalscerebrovascularaccidentsbiologicalagents
etcInfectiousencephalitisiethatduetobiological
agentscanbecausedbyprotozoafungibacteriaviruses
andrickettsiaeOurconcernthismorningiswithtwo
aspectsofthisverylargeproblemnamelywithviruses
astheincitingagentsofencephalitisandwiththetrans
missionoftheseagentsbyvectorsespeciallymosquitoes
ieinthesocalledarthropodborneviralencephalitides

Atthepresenttimetwomajorarthropodborneviral
encephalitidesarerecognizedinCaliforniaTheseare
WesternequineencephalitisandStLouisencephalitis
TheWesternequineencephalomyelitisvirusreportedby
Meyerin1931asthecauseofencephalitisinequidcsin
theSanJoaquinValleywasshownbyHowittin1938to
beinvolvedinthecausationofhumaninfectionsIn
1939Howittshowedthroughserologicmethodsthatthe
StLouisencephalitisvirusisalsoresponsibleforapro
portionofhumaninfectionsdiagnosedasencephalitis
Sincethattimebothviruseshavebeenrecognizedto
causeahighproportionoftheencephalitisintheCentral
ValleyandCulextarsalishasbeenshownbyHammon
andReevestobetheprimaryoratleastthemostimpor
tantvectorinthetransmissionofthesevirusestomanIt
isonlynaturalthereforethatthesevirusesshouldbe
ofpeculiarinteresttoCalifornianotonlybecausethe
humanandequinemorbiditytheyproduceisnotnegli
giblebutalsobecausethesolutionofsomeofthedomi
nantepidemiologicproblemsmayprovideakeytothe
epidemiologicriddleposedbythearthropodborneviral
diseasesasagroup

TogiveanideaoftheprevalenceofWesternequine
andStLouisencephalitisinmanwehaveprepared
Table1whichshowstheoccurrenceoflaboratoryproved
casesoverthetenyearperiod19451954Itwillbeob
servedthatinsomeyearstheprevalencehasbeenhigh
andinotherslowOfthelastfiveyearstherewerethree
withahighprevalenceofWesternequineandStLouis
encephalitisItwillbeseenthatin1950therewere157
laboratoryprovedcasesofencephalitisaboutequallydi
videdbetweentheWesternequineandStLouistypes
In1952therewere414casesofwhich370weredueto
theWesternequinevirusand44wereduetotheSt
Louisvirusandin1954therewere118caseswith22
ascribedtotheWesternequinevirusand96totheSt
LouisvirusWemightpointoutthatthe1952outbreak
wasoneofthelargestonrecordapproximatinginterms



ofthetotalnumberofcasesreportedtheencephalitis
outbreakof1941inMinnesotaandcontiguousareas

ItisofinteresttonoteasshowninTable1thatasthe
numberofcasesofWesternequineorStLouisencepha
litisincreasesthetotalamountofencephalitisreported
alsoincreasesalthougheveninyearsinwhichthereisa
lowprevalenceofWesternequineorStLouisencepha
litisanappreciablenumberofcasesofsocalledinfec
tiousencephalitisisreportedTheterminfectious
encephalitisisplacedinquotationmarksbecauseinto
thiscategoryareplacedallcasesofencephalitisofpre
sumedinfectiousoriginwhethertheencephalitisbea
primarymanifestationofinfectionorwhetheritbesecon
darytosomeotherconditionInotherwordsthiscate
goryincludesnotonlythearthropodborneviralencepha
litidesandencephalitisduetoagentssuchastheviruses
ofmumpsandofherpessimplexaswellasencephalitis
followingsuchinfectionsasmeasleschickenpoxinflu
enzaandmumpsbutalsopostvaccinalencephalitis
lethargicencephalitisetcInTable2wehavetakenthe
casesofinfectiousencephalitisreportedduring1953and
1954andmadeabreakdownintocategorieswhichinclude
laboratoryprovedWesternequineorStLouisencepha
litisacategorycalledetiologyundeterminedanda
fourthcategorydesignatedasotherTheetiologyun
determinedcategoryincludesthosecasesofencephalitis
inwhichlaboratorystudieshavefailedtorevealany
knownbiologicagentasthecauseThecategoryother
includesthosecasesduetomeaslesmumpschickenpox
influenzapostvaccinalencephalitisetcieencephalitis
whichissupervenienttosomeknownnaturallyoccurring
infectionoruponattemptstoinduceanartificialactive
immunityegsmallpoxorrabiesimmunizationItis
readilynotedfromTable2thatthecategoryetiology
undeterminedisofanappreciablesizeanditisreason
abletosupposethatanunknownproportionmaybedue
toavirusorviruses

Inanattempttoascertainifpossiblewhatrelation
shipifanytheremightbeoftheseunknownencepha
litidestoWesternequineorStLouisencephalitistabu
lationssimilartothatgiveninTable3wereprepared
InspectionofTable3suggeststhatduring1953thenum
berofcasesofencephalitisofundeterminedetiologyin
creasedduringthesummerandearlyfallwhereasthe
numberofcasesincategoryotherwaslargestinthe
springandearlysummerSincethiscategoryincludesen
cephalitisduetosuchdiseasesasmumpsmeasleschicken
poxetcwhichhaveahighincidenceatthistimeofthe
yearthisconcentrationisunderstandableIfwetakethe
datafortheyear1954ayearofrelativelyhighprevalence
ofencephalitisthetrendsaremuchmoresuggestive
Thereisapeakincidenceofunknownencephalitisduring
AugustSeptemberandOctoberwith130ofthe193cases
occurringinthisintervalThenumberofcasesofun
knownencephalitisandofStLouisencephalitissuggests
asimilardegreeofprevalencealthoughthismaybeonly
coincidentalandofnosignificanceIdeallyfromtheepi
demiologicstandpointeverycaseofencephalitisshould
beaccountedforonthebasisofetiologyandthediscrep
ancybetweenthetotalnumberofcasesofinfectiousen
cephalitisreportedandthenumberascribabletothe

WesternequineorStLouisvirusortoagentsinthe
othergroupleavesalargealbeitvariableresiduumof
caseswhichinmajorpartfallsintotheetiologyun
knowngroupThisdiscrepancyhasbeenrepeatedlyob
servedbyusandwasespeciallynoticeablein1952and
asjustmentionedafewmomentsagohasledtothe
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workinghypothesisthatanothervirusorvirusesmaybe
etiologicallyinvolvedThispointwillbetouchedupon
againalittlelaterbutbeforeleavingthisaspectitmight
bepointedoutthatitprovidesanexcellentillustration
ofthefactthatintheepidemiologicinvestigationofin
fectiousdiseasethefieldandthelaboratoryaresointer
dependentthatclosecollaborationisasinequanonfor
successInthecaseofviraldiseasesthisclosecooperation
isespeciallynecessaryandonemightevensaymandatory

BecauseoftheimportanceofCulextarsalisasavector
ofWesternequineandStLouisencephalitisvirusesas
shownbyHammonandReevesmosquitoeswerecollected
inseveralareasintheCentralValleyin1952withaview
todetermininginfectionratesinmosquitopopulations
Unfortunatelythisattemptedstudywhichinretrospect
couldhaveyieldedmuchvaluableevenifcircumscribed
informationcarnetonaughtThecollectionofmosqui
toeswasnotinitiateduntilAugustieatthepeakofthe
outbreakatwhichtimetheentomologicalfieldteams
wereaugmentedandsomeeffortcouldbedivertedfrom
strictlycontrolmeasurestomosquitocollectionandiden
tificationAugmentationofthemedicalandentomologi
calfieldteamspermittedtheincreasedcollectionof
humanclinicalandarthropodmaterialbutironicallythe
laboratorythethirdmemberoftheinvestigativetriumvi
ratewasprovidedwithnoadditionalmeanstohandle
thisgreatvolumeofmaterialdumpeduponastaffal
readyoverwhelmedwithclinicalmaterialsubmittedby
physiciansandhealthofficersItthusbecamenecessary
tostorealloftheentomologicalmaterialandmuchofthe
clinicalmaterialuntilsuchtimeasopportunitywouldbe
affordedforexaminationUnfortunatelythedryicestor
agefacilitieswerecompletelyutilizedwithmaterialob
tainedearlyintheepidemicanditwasnecessarytorent
additionalfacilitiesStorageinthislatterwasnotunder
optimaloridealconditionsandinexaminingthearthro
podmaterialduringthewinterof19521953onlyone
strainofWesternequineencephalomyelitisviruswasre
coveredfromthelargenumberofmosquitopoolsexam
inediestorageunderlessthantheidealconditionshad
resultedinthelossofanyviruseswhichmayhavebeen
presentinthespecimensThatitwasstorageratherthan
thetechniquesusedwasindicatedbythefactthatthe
sametechniquesappliedtomosquitoesstoredunderop
timalconditionsbyDoctorReevesresultedintherecov
eryonaproportionalbasisofasmanystrainsinour
laboratoryasinDoctorReevessIn1953aprogramfor
thecollectionofCulextarsalismosquitoesandtestingfor
thepresenceofWesternequineandStLouisviruseswas
setupasacollaborativestudybetweentheViraland
RickettsialDiseaseLaboratoryandtheBureauofVector
ControloftheCaliforniaStateDepartmentofPublic
HealthOnthebasisofthefundsavailableitwasfeasible
tomakeweeklycollectionsinonlytwoareas onein

FresnoCountyandoneinKernCountyIn1954the
programwasaugmentedsothatitwaspossibletocollect
andtestimmediatelyCulextarsalisfromfourareas
KernFresnoSanJoaquinandSutterYubaCounties
Twelvepoolscomprising50Culextarsaliseachwerecol
lectedineachareamaking48poolsperweekoverthe
seasonwhenWesternequineandStLouisencephalitis
mightbeexpectedtooccurinmanMosquitoesfromthe
fieldcollectionsweresortedidentifiedandshippedto
thelaboratoryondryicewheretheyweretestedwithin
24to48hoursafterreceiptEachpoolwasgroundinto
asuspensionwithbufferedsalinesolutioncontaining
serumcentrifugedatveryhighspeedtoremovedetritus



andlargemicroorganismsandthesupernatantfluids
treatedwithantibioticstodestroyremainingbacteria
Thesesuspensionswereinoculatedintoadultmiceand
intoembryonatedhenseggsThesetwohostswereused
becauseasmentionedpreviouslywewerelookingpri
marilyfortheWesternequineandStLouisvirusesIn
futureworkwehopetousebabymiceinasearchtopos
sibleunknownvirusesthatarearthropodborneThese
virusesmaynotnecessariybeencephalitogenicforman
butweareengagedinacooperativeprogramwiththe
DivisionofMedicineandPublicHealthoftheRocke

fellerFoundationaimedatdeterminingwhatvirusesare
presentinthearthropodsoftheCentralValleyandtheir
relationshipifanytohumandiseasefebrileorotherwise
Theusefulnessofbabymiceforsuchapurposeisattested
tobytheexperienceofTaylorinEgyptwhorecovereda
numberofvirusesfromarthropodsmosquitoesticks
andfromhumansandfoundthatmostoftheseagents
werepathogenicforbabymicebutnotforadultmice

Theresultsoftheexaminationof989poolsofmos
quitoesoverthesixmonthperiodMaythroughOctober
1954aregiveninTable4These989poolscompriseda
totalof41415mosquitoesItwillbenotedthatsome
whatsmallernumbersofpoolsweretestedatthebegin
ningoftheseasonandagainattheendoftheseasondue
tothepaucityofmosquitoessometimesitwasnecessary
tocombinepoolsinordertogetadequatenumbersof
mosquitoesfortestingItwillbeobservedfromTable4
thattheWesternequineencephalomyelitisviruswasiso
latedfromCulextarsalisasearlyasMaywhenthecol
lectionswerebegunandaslateasOctoberwhencollec
tionwasterminatedThehighestproportionofvirus
isolationswasinJuneandJulywhen25percentand31
percentofthepoolsrespectivelywerepositiveseeTable
5OntheotherhandnoisolationsoftheStLouisvirus
weremadeinMayorOctoberbutisolationsweremade
duringthefourmonthsinbetweenThepealoftheSt
LouisencephalitisvirusrecoverieswasinAugustwhen
20percentofthe222poolstestedyieldedthisvirusEx
aminingthefindingsfortheentireseasonitwillbeseen
thatofthe989poolsexamined72percentfailedtoyield
anydemonstrableagent15percentprovedtobepositive
forWesternequineencephalomyelitisvirusand9per
centfortheStLouisencephalitisvirus
Itiswhenthevirusrecoveriesarebrokendownby

monthratherthanbytakingthetotalpictureforthesea
sonthatitemsofinterestemergeThusthemonthlydis
tributionofthemosquitoinfectionratesiethenumber
ofpositivepoolscorrelatesinaroughfashionwiththe
occurrenceofhumancasesofWesternequineandSt
LouisencephalitisFrommorbidityreportsandfromlab
oratorystudiesweknowthatcasesofWesternequine
encephalitisoccurinlargestnumbersinearlyandmid
summerwiththepeakincidencefallingatthistime
whereasStLouisencephalitistendstoshowaconcen
trationofcasesinthelatesummerandearlyfallItwill
beobservedinTable4thatthetypeofvirusisolatedas
wellasthenumberofisolationsfollowedthispattern
theWesternequineencephalomyelitisviruswasrecov
eredearlierandinalargerproportionofcasesthanwas
theStLouisvirusandastheseasonadvancedthenum
berofrecoveriesoftheWesternequinevirusdecreased
asthenumberofStLouisvirusrecoveriesincreasedThis
relationshipisbetterillustratedinTable5inwhichthe
distributionofWesternequineandStLouisencephalitis
casesiscomparedtotheisolationofthesevirusesfrom
mosquitoesieinessencemosquitoinfectionratesUsing
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1954dataandtabulatingbymonthofonsetofillnessor
monthofvirusisolationgivesusTable5whichshows
thatthemosquitoinfectionratewashigherwiththeWest
ernequinevirusthanwiththeStLouisvirusearlyin
theseasonreachedapeakbeforethemosquitoinfection
ratewithStLouisencephalitisvirusattaineditspeak
andthendeclinedastheStLouisvirusinfectionreached

itspeakThecomparisonisdrawnontoofewhuman
casestopermitformulatinganydefinitiveconclusions
butthetrendsaremostsuggestiveDespitetheheavyin
fectionratewithWesternequinevirusinmosquitoesthe
numberofhumancasesofWesternequineencephalitis
whichoccurredwassmallThismaybeduetoanexten
siveandeffectivesubclinicalimmunizationwithWestern

equineencephalomyelitisvirusduringthecourseofthe
1952outbreaksothattheproportionofsusceptibleindi
vidualsinthehumanpopulationisstilltoolowforalarge
outbreaktooccurevenifthismosquitoinfectionraterep
resentsanormduringtheaverageyearThedensityof
themosquitopopulationisalsoanimportantfactorbut
webelieveitisquiteprobablylesssothattheimmune
statusofthehumanpopulationInthecaseoftheSt
LouisvirusTable5showsasomewhatbettercorrelation
betweenthenumberofhumancaseswhichoccurredand
theinfectionrateinmosquitoesthepeakinfectionrate
inCulextarsaliswasfollowedbythepeakinfectionrate
inmanBecauseoftherelativepaucityofhumancasesin
anyoneyearcomparisonscanbestbemadeonaccumu
lateddataThereforeTable6waspreparedarbitrarily
choosingtheaccumulatednumberofcasesoverthesix
yearperiod19451950tocomparewiththe1954data
onmosquitoesInthisanalysisthe1952datawerenot
usedbecausethiswasayearnotonlyofanextremely
highincidenceofhumancasesbutalsothesituationas
concernsthedensityandgeographicdistributionofthe
CulextarsalispopulationwashighlyunusualSubsequent
analyseshoweverwilltakeintoaccountdatacollected
during1952Table6bringsoutsomeinterestingrela
tionshipsFirsthumancasesofeitherWesternequineor
StLouisencephalitisdonotappearuntilthemosquito
populationisinfectedSecondinfectionofboththemos
quitoandmanencephalitisprecedesinfectionwiththe
StLouisencephalitisvirusThirdastheinfectionrate
risesinmosquitoesthenumberofhumaneasesincreases
Finallyastheinfectionrateofmosquitoesdecreaseshu
mancasesalsodecreaseandwhenthevirusdisappears
nocasesoccurThetruesignificanceofsuchcorrelations
willberevealedonlyafteradditionalyearsofstudyofthe
infectionratesinmosquitoesItishopedthatsuchstudies
willpermitfromcollationofCulextarsalisdensityand
infectionratestheestablishmentofanindexorindices
thatwillserveasawarningthatoutbreaksareimminent
orthatcontrolshouldbeintensifiedtoavertimpending
outbreaks

BeforeclosingIshouldliketotouchupononeother
aspectoftheencephalitideswhichhasbeenturnedup
bylaboratorystudiesnamelyencephalitisofundeter
minedetiologyEachyearanappreciableproportionof
allthecasesofencephalitisfallsintothiscategoryAs
showninTable3in1953therewere124casesinthis
categoryandin1954therewere193Ashasbeenpre
viouslymentioneditisreasonabletobelievethatanun
knownproportionofthesecasesmaybeduetoviral
agentsWhilecasesofundeterminedetiologyoccur
throughouttheyeartheyincreaseinnumberduringthe
summerandearlyfallasisshowninTable3thussug
gestingthatarthropodtransmissionmaybeinvolvedin



producingatleastsomeoftheseinfectionsDuring1954
asshowninTable4weisolatedfrompoolsofCulex
tarsalisviruseswhichhavebeenfoundtobeneither
theWesternequinenortheStLouisencephalitisviruses
AlsotheydonotappeartobetheCaliforniavirusfirst
describedbyHammonandReevesbutinsomerespects
pathogenicityforlaboratoryanimalsresemblethe
SindbisvirusisolatedbyTaylorfromCulexmosquitoes
inEgyptWhetherthese42agentsareallstrainsofa
singlevirusorwhethertheyrepresentseveralvirusesis
unknownandidentificationstudiesareunderwayat
presentNeverthelessitisofinterestthatofthetotalof
280strainsofvirusisolatedfromCulextarsalisduringthe
1954season54percentwereWesternequine31per
centwereStLouisencephalitisand15percentrepre
senttheasyetunidentifiedvirusorviruses

Oneishighlytemptedtobelievethatanagentrecov
eredwithsuchfrequencyandproducinganinfectionrate
inCulextarsalisaboutonehalfthatproducedbytheSt
Louisvirusmustplaysomeroleinthecausationofhu
manillnessHoweverintriguingthispossibilitywecan
sayatthemomentonlythatthepathogenicityofthis
virusorvirusesformanisunknownToascertainifthere
wereanycorrelationbetweenthisvirusandcasesofen
cephalitisofundeterminedetiologythedataatthebot
tomofTable5wereputtogetherIfanyrelationdoes
existitisnotobviousfromthesedataMostrecoveries
oftheagentweremadeinJuneandJulywhentheprev
alenceofcasesofencephalitisofundeterminedetiology
waslowwhereasfewornorecoveriesweremadeinAu
gustandSeptemberwhensuchcaseswereattheirmaxi
mumprevalenceItisnotimpossiblehoweverassuming
thattheunknownagentispathogenicformanthat
mostcasesofencephalitisofundeterminedetiologyoccur
duringtheearlysummerandthatsimilarcasesinthe
latesummerandearlyfallareduetoanotherunknown
etiologicagentThedatamayalsobemisleadinginthat
thehighincidenceofencephalitisofundeterminedetiol
ogyinthelateseasonmaybemoreapparentthanreal
anddueinparttotheinclusioninthiscategoryofcases
ofnonparalyticpoliomyelitiswhicharemistakenfora
mildencephalitisWithinvitrotestsnowavailablefor
poliomyelitisantibodyassayandthepossessionofanew
agentwithwhichitwillbepossibletodoserologicsur
veysanddiagnosticworkforantibodiesagainstthis
agentfuturestudiesshouldcontributefurthertothedif
ficultproblemofresolvingtheetiologyofthesecasesof
encephalitisofundeterminedoriginIfsuccessfulthis
shouldpermitustosplitoffanotherfragmentofthis
largegroupashaspreviouslybeendonewhenthepres
enceoftheWesternequineandStLouisvirusesinthe
CentralValleywasrecognized

Finallyitisalsopossiblethatencephalitisofundeter
minedetiologyespeciallythatoccurringintheearly
springmaybeduetoaviruscarriedbymosquitoes
otherthanCulextarsalisSinceourmajorinteresthas
beentostudytheepidemiologyincludingcontrolof
WesternequineandStLouisencephalitisarthropod
studieshavebeenrestrictedentirelytoCulextarsalis
Wehavenothoweveroverlookedthepossibleroleof
othermosquitoesintransmittingunknownviralinfec
tionstomanInanattempttoascertainwhatthesitua
tionmightbeconcerningthetransmissionofunknown
virusesbyarthropodsinCaliforniaacooperativestudy
hasbeenundertakenbytheDivisionofMedicineand
PublicHealthoftheRockefellerFoundationandthe
ViralandRickettsialDiseaseLaboratoryoftheCalifor
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niaStateDepartmentofPublicHealthMosquitoesas
wellasotherarthropodsarebeingcollectedandexam
inedforthepresenceofvirusesIfandassuchagents
arerecoveredserologicsurveyswillbemadetoascer
taintheextenttowhichhumaninfectionwiththese
agentsoccursaswellastoascertaintheirroleinthe
causationofhumanencephalitisorotherillness

TABLE1

Distributionbyyearoflaboratoryproved
humancasesofWesternequineandStLouis

encephalitis

LaboratoryprovedcasesofWestern
Cases equineandStLouisencephalitis

Year reported Total WEE SLE

1945 302 54 26 28
1946 160 28 18 10

1947 127 38 32 6
1948 71 1 0 1

1949 80

1950 357

1951 146

1952 792
1953 335x

1954 582x

Cases Etiology
YearreportedundeterminedWEE
1953 335 124 14

1954 582 193 22

May
June
July
Aug
Sept
Oct

31

157

55

414

36

118

10

88

22

370 44

14 22

22 96

Casesincategoryinfectiousencephalitis
xProvisionalfigures

TABLE2

Infectiousencephalitisbycategory19531954

21

69

33

SLE Other

22 175t

96 271t

FiguresfromJanuary1throughNovember13ofeach
year

Incategoryinfectionsencephalitis
tOfthese131and185wereduetomumpsvirusin

1953and1954respectively

TABLE4

ResultsofexaminationsofmosquitoesCulextarsalis
forinfectionwithWEEandSLEviruses1954

MonthofNoof

collec pools
tion tested

106

203

176

222

166

116

Noof

mosqui
toes

4370
9082
8290
10413
6541
2719

ResultsintermsNoofpools
Negative Positive

WEESLEUnident
agent

99

134

81

140

140

115

7 0 0

50 5 14

54 20 21

34 45 3

5 17 4

1 0 0

Totals 989 41415 709 151 87 42

100 71715388422
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TABLE3

Distributionbymonthofonsetandbycategoryofinfectiousencephalitis19531954
1953

Jan Feb Mar Apr MayJuneJulyAug Sept Oct Nov Dec Total

Etiologyundetermined 7 8 2 7 8 12 10 14 16 25 7 8 124
WEE 4 8 2 14

SLE 10 11 1 22
Other 48 22 30 31 17 8 10 9 x 175

1954

Etiologyundetermined 23 11 19 7 28 60 42 3 193

WEE 6 13 3 22
SLE 14 53 29 96

Othert 85 47 63 34 13 14 14 1 x 271

Ofthistotalof175cases132wereattributedtomumpsvirus
tOfthistotalof271cases185wereattributedtomumpsvirus

TABLE5

Relationbetweneoccurrenceofhumanencephalitides
andpresenceofvirusinmosquitoesCulextarsalis1954

WEE May June July Aug Sept Oct Nov Total

Cases 6 13 3 22
PosPools 7106 50203 54176 34222 5166 1116 151989

SLE 66 246 307 153 30 09 153
Cases 14 53 29 96

PosPools 0106 5203 20176 45222 17166 0166 87989

Etund 00 25 114 203 102 00 88
Cases 11 19 7 28 60 42 3 170
PosPools 0106 14203 21176 3222 4166 0166 42989
virus 00 69 119 14 24 00 42

TABLE6

PercentagedistributionofhumancasesWEEandSLEbymonth
ofonsetcomparedtopercentileinfectionratesinCulextarsalis

WEEcases Jan
194550 Apr May June July Aug Sept Oct Nov Dec Total

WEEpos 52 402 356 167 23 100
mosqpools 9 70 62 29 4 174
1954 66 246 307 153 30 09

710650203 54176 342225116 1116

SLEcases
194550 59 333 482 126

SLEpos 8 45 65 17
mosqpools 00 25 114 203 102 00
1954 0106 5203 20176 45222171660116

DatafromLennetteEHandLongshoreWAJrCaliforniaMed75189195Sept1951

100
135



EPIDEMIOLOGICALASPECTSOF
ENCEPHALITISUNDER
FIELDCONDITIONSI
WCREEVESPHD

SchoolofPublicHealth
UniversityofCalifornia

BerkeleyCalifornia

Otherspeakersonthispanelhavediscussedandwill
discussseparatelythemultitudinousfactorsofthehosts
parasitesvectorsandenvironmentastheyrelatetothe
arthropodborneencephalitidesIwouldliketoreview
thecircumstancesofourpresentknowledgeoftheinter
relationshipsofthesevariousbiologicalfactorsinnature
whichwemightcalltheEpidemiologicalAspectsUnder
FieldConditionsGenerallythediscussionwillbecen
teredontheinfectionscausedbytheWesternequineand
StLouisvirusesbecausetheyrepresentaproblemin
theWesternUnitedStates

Itshouldbevaluabletocompareandcontrastthe
statusofourknowledgeoftheseagentswiththatofother
mosquitobornediseasesandfiinallywemayfinditde
sirabletoinvestigatethepossibleapplicationofthisin
formationtoacontrolprogram

THEBASICINFECTIONCHAIN

Muchcurrentandpastresearchhasbeendevotedto
obtainingacompleteknowledgeofthewaysinwhichthe
WesternequineandStLouisvirusespropagateand
maintainthemselvesinvectorsandhostsinnatureItis

constantlyanticipatedthataknowledgeofthebasicin
fectionchainwillofferoneormoreapproachestoaprac
ticalandeconomicallyfeasiblecontrol

VECTORS

DemonstrationsofhighCulextarsalisinfectionrates
withWesternequineandStLouisvirusesinCalifornia
havebeenreviewedrepeatedlyforthisgroupUntilre
centlysuchstudieswereconcentratedinKernCounty
HowevertheprogramconductedbytheStateDepart
mentofPublicHealthinthepastseveralyearsinco
operationwithMosquitoAbatementDistrictsnowen
ablesustosaythatCtarsalisissimilarlyinfectedin
widelyseparatedgeographicalareasoftheCentralVal
leyItisinterestingthatsimilarfindingshaveoccurred
inunreportedstudiesofotherresearchgroupsinseveral
otherwesternstatesUptothepresentdataindicate
thatspeciesofmosquitoesotherthanCtarsalisfound
naturallyinfectedaresecondaryvectorsandtheirinfec
tionislargelyareflectionofthevectoractivitiesofC
tarsalis

Considerableinteresthasbeenexpressedintheepi
demiologicalinterpretationoftheextensiveinformation
onvectorinfectionindicesunderfieldconditionsandthe

applicationofthesedataasanaidtocontrolprograms
Wemustadmitthatwearestilluncertainofhowsuch

indicescanberelateddirectlytodetermineriskofhuman
orhorseclinicaldiseaseHoweverprogressisbeingmade
inwhatamountstoanewareaofapplicationItmust
berealizedthatthistypeofinformationhasneverbefore
beenobtainedforanarthropodbornevirusdiseaseA
vectorinfectionindexhasneverbeendeterminedorap
pliedasaguidetothemeasureofpublicriskorcontrol
operationseveninsuchwellknowndiseasesasepidemic
yellowfeverdenguefeverorsandflyfeverActually
Aedesaegyptinaturallyinfectedwithyellowfeverhave

Thisinvestigationwassupportedinpartbyaresearchgrant
C481 C6fromtheNationalMicroBiologicalInstituteofthe
NationalInstitutesofHealthPublicHealthService
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neverbeenfoundintheAmericasandhavebeenfound

onlyseventimesinAfricaTheisolationsofyellowfever
virusfromjunglevectorshavebeensporadicandin
smallnumbersofvectorsorisolationsandhavenever

beenappliedasanindextotransmissionIntheother
examplessuchasdengueandsandflyfeversadultvec
torshavenotbeenshowntobeinfectedinnatureThis

undoubtedlycomesasasurprisetomostofyou
Intwomosquitobornediseasesmalariaandfilariasis

accuratemeasurementofvectorinfectionrateshasbeen
possibleandhasbeenappliedinindicestotheriskof
humaninfectionHoweverinbothoftheseinstances
thereareobviousdifferencesfromencephalitisbecause
circumstancesallowcomparativelyeasydetermination
oftheindicesandtheirapplicationItispracticalinma
lariaandfilariasistoexaminevisuallyindividualmosqui
toestoestablishinfectionratesratherthantotestpools
ofmosquitoesasinencephalitisbymoreindirectand
timeconsumingmethodsAdditionallyinbothmalaria
andfilariasismanisthesolesourceofinfectionforthe
vectorandtheonlyreceptivehosttowhichthevector
cantransmitAreviewoftheliteratureonmalariology
andfilariasisfromRosstothepresentdaycannothelp
butimpressonewiththerelativelylittleapplicationof
vectorinfectionindicestodeterminetheeffectivenessof
controlmeasuresorriskofinfectionMuchmoreweight
hasbeenplacedonmeasurementsofinfectionindicesin
humansthesizeofthevectorpopulationanditsrate
ofcontactwithman

Thesemeasurementshavebeenapplicablebecauseof
thecomparativelysimplebasicinfectionchaininvolving
onlymanandthemosquitovectorYetitstillhasbeen
amostdifficulttasktoapplytheindiceswithaccuracy

Ourknowledgeisveryinadequateonsuchbasicprob
lemsastheamountoftheencephalitisvirusittakesto
infectdifferentmosquitospeciestheproportionofan
exposedvectorpopulationthatsubsequentlycantrans
mitthedoseofvirusavectorcaninoculateandthe
environmentalconditionsrequiredforvirussurvivalin
andtransmissionbyavectorRecentpublicationsfrom
theMontgomeryLaboratoryoftheCommunicableDis
easeCenterarethefirstattempttomeasureaccurately
afewofthesevariables

Itcanbesaidwithassurancethatanadequatebegin
ninghasbeenmadeinestablishingencephalitisvector
infectionindicesunderfieldconditionsparticularlyin
CaliforniaIndeedthereismoreofsuchinformation

availablethaninanyotherareaoftheworldanditis
comparableinqualitytothatformostarthropodborne
diseasesTheremainingproblemistolearnhowitcan
bereliablyappliedtotheotherbiologicalfactorswewill
nowdiscuss

BIOLOGYOFVECTORS

Detailedconsiderationofthegeneralbiologyofavec
torsuchasCulextarsalisisnotinthescopeofthispaper
andisdiscussedbyotherspeakersontheprogramHow
evercertainphasesofvectorbiologymustbeconsidered
Iwouldliketoemphasizeoneaspectofbiologicalactivi
tiesofthevectorsoftheencephalitidesakeytounder
standingtheepidemiologyoftheseinfectionsinthefield

Wecaneasilybecomethoroughlyconditionedtothink
thattheproportionofamosquitovectorpopulation
whichsucceedsinbitingmanisallimportantintheper
petuationofthediseaseInclassicalinfectionssuchas
epidemicyellowfeverdenguemalariaandfilariasis
thisiscertainlythecaseindeedtobesuccessfulanin
dividualvectormustbitemantwoormoretimesand



frequentlyortheinfectionwilldieoutHoweverinen
cephalitisthevectorattackrateonmanisofnosignifi
canceinperpetuatingtheparasiteaverysmallpropor
tionofthepopulationofCtarsaliseverfeedsonaper
sonprobablyrarelymorethanonceFielddataindicate
thatapproximately75percentofthefeedingsofCtar
salisareonbirdsand25percentonmammalsLessthan
onepercentoftheCtarsalispopulationprobablysuc
ceedinfeedingonhumanbeingsThisrateundoubtedly
fluctuatesundervaryingconditionsbutitisusefulasa
generalindexAninfectiondependentonhumantohu
mantransmissionwouldquicklydisappearwithsucha
lowrateofvectorhostcontacthoweverthebasicen
cephalitisinfectionchainthrivesundersuchconditions
becausethesourceofvectorinfectionistheavianpopu
lationandfeedingonhumansisincidentalWiththis
conceptwellinmindwecanappreciatehowitispos
sibleeachsummertohavehighCtarsalisvirusinfection
ratesinmanyareasevenafairlydenseCtarsalispopu
lationfewcomplaintsfromourcitizensconcerningat
tacksbyCtarsalisandonlyafeworevennorecognized
humancasesofencephalitisinthesameareaFactorsof
inapparenthumaninfectionsandimmunityofcourse
alsoplayacontributoryroleinthisphenomenonThis
conceptexplainshowwecanhavecircumstancesofa
verylowvectorpopulationinahighlyurbanizedsitua
tionandstillhavesporadichumancasesItalsoassists
greatlytoexplainhowwecanhaveanepidemicsitua
tionsuchastheonein1952whenthevectorpopulation
isgreatlyincreasedandtheusuallylowvectorhuman
attackratethenreachessignificantlevelsFactorssuch
asearthquakesinKernCountyundoubtedlyincreased
vectorhumanassociationbystimulatingpeopletore
mainoutoftheirhomesintheevening

Relatingvectorpopulationindicestotheimportant
factorsofbothvectorhumanandvectoravianhostcon

tactrateswhileessentialisnotsimpletoobtainWe
haveevenhadtogosofarafieldastocarryoutstudies
ontheepidemiologyofavianmalariatobecertainofthe
intimaterelationshipofCtarsalistothemanyspecies
ofwildbirdsNewtoolssuchasthedevelopmentofmos
quitobaittrapsusingwildbirdsasbaitofferfurther
promise

TheextensivecurrentstudiesonthebiologyofCtar
salisinnumerousareaswillundoubtedlyleadtoknowl
edgewhichwillfurtherassistinanunderstandingofthe
relationshipsofthisspeciestoitsanimalhosts

Weshouldconsiderinmoredetailtheroleofverte

bratehostsasapartofthebasicinfectionchainbefore
attemptingtodiscussfurthertheinterrelationshipofall
thesefactors

VERTEBRATEHOSTS

Manandhorsethetwohostsinwhichtheseviruses
mayproduceclinicaldiseaseareprobablyinsignificant
assourcesofvectorinfectionWemustrecognizethat
eveninthesetwohostspeciesthevastmajorityofin
fectedindividualsdonotbecomeclinicallyillbuthave
inapparentinfectionsInothermammalianspeciesand
birdsinfectionmayoccurveryfrequentlyinthefield
buthasnotbeenobservedtocauseadiseaseOtheren

cephalitisagentssuchasEasternequineandJapanese
Bvirusesareanexceptiontothisrulebuthavenotbeen
foundintheareawithwhichweareconcerned

Thereisampleevidencethatawiderangeofwild
anddomesticbirdspeciesarefrequentlyinfectedwith
WesternequineandStLouisvirusesThesewildand
domesticbirdsarebelievedtobetheimportantsources
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ofvectorinfectionInfectioninthosefewbirdspecies
studiedindetailhasgenerallybeencharacterizedbythe
appearanceofvirusinthebloodinhighconcentrations
forashortperiodoftimeandalackofclinicaldisease

Althoughanintensiveefforthasbeenmadeweare
stillfarshortofacompleteunderstandingofthedynam
icsofinfectioninthemanyspeciesofbirdsinwhichevi
denceofinfectioninanyendemicareacanbefound

Thereisundoubtedlyagreatdifferenceintheamount
ofvirusvariousbirdspeciesmayhaveavailableintheir
bloodforvectorinfectionResultsonthissignificant
problemasrelatedtoEasternequinevirushaverecently
beenpublishedbytheCommunicableDiseaseCenter
laboratorygroup

Onecanappreciatethedifficultyofstudyingthistype
ofprobleminthefieldanditisnotsimpletostudywild
birdsinthelaboratoryAvailabledataandcurrentstud
ieswillundoubtedlyhelpdeterminewhichofthewild
birdspeciesaretheprimarysourcesofvectorinfection
Thisremainsamostimportantfieldforfurtherbasic
work

GENERALCONSIDERATIONS

Letuscomebacknowtoaconsiderationofthelevels

ofvectorpopulationsvectorinfectionindicesandavail
abilityofaviansourcesofvectorinfectionwhichmay
leadtoahighriskoftheoccurrenceofclinicalenceph
alitisinahumanpopulationSomespecificexamplesof
fieldsituationsmayexemplifythevariabilityofcondi
tions

Thefirstexampleisaruralareawehavestudiedin
tensivelyforanumberofyearsEachsummerthereisa
veryhighCulextarsalisvectorinfectionindexaveraging
approximatelyoneofeveryhundredspecimensinfected
inthefieldduringthesummerThereisaverylargeC
tarsalispopulationeachsummerThereisevidenceof
widespreadinfectionintheabundantwildbirdpopula
tionoftheareaInspiteofthesecircumstancesandof
thefactthatresidentsarefrequentlybittenbyCtarsalis
therehasnotbeenarecognizedclinicalcaseofencepha
litisinthehumanorhorsepopulationoftheareafora
numberofyearsSurveysoftheimmunitystatusofthis
populationindicatethatahighproportionofindividuals
havebeeninfectedbutdidnotbecomeillThetotal

humanpopulationoftheareaisonlyabout150persons
andthechancesareprobablyquitesmallthatmorethan
onepersonwoulddevelopencephalitisifallindividuals
ofagroupofnonimmunepeopleofthissizewerein
fectedatonetimeThepresentstatusofimmunityina
highproportionofthisgroupevenfurtherdecreasesthe
chanceofaclinicalcaseinanyonesummerThereis
constantpossibilitythataninfectedvectorwillbiteasus
ceptiblehostwithclinicaldiseaseresultingbuttheodds
areagainstit

Thesecondexampleonealreadymentionedisthe1952
epidemicInthisinstancealloftheconditionsinthe
previousexamplewerepresentbutoneimportantfactor
wasdifferentAverylargesusceptiblehumanpopulation
wasexposedUndoubtedlymanypersonsbecamein
fectedofwhomtheexpectedproportiondevelopedthe
clinicaldiseaseThisisahighlysimplifieddescriptionof
thesituationbutoneinwhichwecanexpressconsider
ableconfidence

Thethirdexampletobecitedisourstudyofacity
inahighlyendemicregioninwhichaveryeffectiveC
tarsaliscontrolprogramwasachievedInthisinstance
thevectorpopulationindexwaslowenoughthatone
mightexpectnotransmissiontoresultTherewasstill



alargepopulationofsusceptiblehumansandbirdsIn
thesecircumstancesviruswasstillfoundinthesmall

vectorpopulationalthoughonly100Ctarsaliscouldbe
collectedintheentiresummerandtherewasevidence
ofcurrentinfectioninapopulationof100000persons
Howevertheinfectionpersistedinthebasiccycleand
onecouldevenexpectthatifalargepopulationofthe
vectorbuiltupeveninaneighborhoodofthecitythe
rateoftransmissionwouldbuildupandaclinicalhuman
casemightresult

SomewhatsimilarcircumstancesoccurredintheDDT

controlprogramofCtarsalisinKernCountychicken
housesin1945A95percentreductionoftheCtarsalis
populationinchickenhousesdidnotbreaktheinfection
chainorevenreducethevectorinfectionlevelortrans
missionratetobirds

Thelastexampleisaruralareaalongasmallstream
whereconditionswereidealforthebuildingupofavery
largepopulationofCtarsalisInthissituationalthough
studiedforaperiodofyearstherewasonlyoneyearin
whichinfectionrateswerehighinthevectorThelow
ratesinmostyearsapparentlyweredueeithertothecon
stantdilutionofthevectorpopulationbynewlyemerged
adultsortotheabsenceofasufficientpopulationofavian
hoststoallowaconstanttransmissionchain

Uptothepresenttimeasituationhasnotbeenob
servedinwhichtherewasstrongevidenceofoneofthese
viruseshavingbeenreintroducedintoanareaRatherit
hasappearedthatbothWesternequineandStLouis
virusessucceedinmaintainingthemselvesinthesituations
studied

Eventhoughavectorpopulationiscontrolledandheld
atalowindexasdeterminedbyourmeasuringtools
virustransmissionmaycontinueatalowlevelinthe
avianhostvectorcycleUndersuchcircumstancesthe
oddsarequitesmallthatclinicalcasesinmanwilloccur
frequentlyEitherthefreemovingunrestrainedinfected
vectorsortheavianhostsmayalwaysinvadeanunin
fectedareaandifasizeablevectorandavianhostpopu
lationisavailableasituationmayresultinmanyways
comparabletotheLakeVeramalariaoutbreakAnotice
abledifferencewouldbethatmostofthehumanencepha
litisinfectionswouldbeinapparentclinicallyascon
trastedwithmalaria

Theprecedingdiscussionhasbeenrelatedlargelytothe
epidemiologyoftheseinfectionsinthesummerperiod
Therehaslongbeenaquestionconcerningthemechan
ismbywhichthesevirusessurvivethroughthewinter
Investigationsonthisreservoirphaseoftheinfectioncycle
arebeingintensivelypursuedbyseveralgroupsatthis
timeMostoftheemphasisofthesestudiesisdirectedat
determiningifsomefacetofthemosquitovectoravian
hostcyclewillaccountforvirussurvivalUnfortunately
adetailedaccountofresultscannotbepresentedatthis
timeCurrentdatastronglyindicatethattheWestern
equinevirusdoespersistinthevectorsorhoststhrough
thewinterperiodinatleastoneareaReintroductionof
viruseachsummerfromotherareasprobablydoesnot
occurAnotheryearofaccumulateddatamaypermitthe
reportingofthesefactorsinthereservoirproblem

Toconcludetheconsiderationwemightreviewthe
probableeffectsofthevectorcontrolprogramontheen
cephalitisproblemItisapparentthatourcurrentgoal
cannotbetheeradicationoftheseinfectionsThefact

thattheinfectionsareperpetuatedinabasiccycleofa
verycommonmosquitoandawiderangeofcommonwild
birdsmakesthisanunrealisticcurrentobjectiveAvector

50

controlprogramcanbeexpectedtoeffectamarkedre
ductionintheprevalenceofinfectionanddiseasesinman
Inthosepastyearswhencontrolprogramsandnatural
conditionshaveresultedinarelativelylowCulextarsalis
populationwehaveseenarelativelysmallnumberof
humancasesObviouslytheinfectionchainbalancewas
sufficientlyprecariousatthesetimesthatanyfurtherde
creaseinthevectorpopulationwouldhavebeenbenefi
cialOurgoalmustalwaysbetoincreasefurthertheodds
againstalargenumberofpersonsbeingexposedtoin
fectionWecertainlyknowsufficientaboutthebasicepi
demiologyoftheencephalitidesunderfieldconditionsto
beabletoendorseandsponsorsuchaction

AquotationfromarecentletterfromDrFredL
SoperDirectorofthePanAmericanSanitaryBureauto
DrLWHackettisperhapsillustrativeofthephilosophy
ofyellowfeverworkers

Itisapleasuretoassureyounoonehasever
beenabletoisolateyellowfevervirusfromAedes
aegyptiinfectedinnatureintheAmericasdur
ingthetwentyfiveyearssincelaboratoryani
malshavebeenavailableforthispurposeCould
thisinanywayberelatedtothehardworkdone
bysomanymenoversuchalongperiodoftime
incombattingthemosquito

Wetrustwewillbesuccessfulinourmissionofapply
ingagreatdealofinformationonmosquitoinfection
ratestoacontinuingprogramofcombattingCulextarsalis

QUESTIONSONREEVESPAPER

QuestionDrReevesmentionedinfectionratesinthe
avianspeciesWasthisbyserologicalmethodsorisolation
ofthevirus

DrReevesByserologicalmethods

QuestionDoesthemigrantbirdwhichspendsthesum
merinthevalleyandgoessouthinthewintercarrythe
viruswiththemtothesouthwhereitcouldbemaintained

DrReevesThisisapointthatwehavediscusseda
greatdealTheonlythingIcansaytothisisthatatthe
presenttimetheviremiainthesebirdsislimitedtoavery
fewdaysandthisisimportantfortheywouldhaveto
moveadistancewhiletheviremiawasactivetoanother

areawhereavectorwouldpickitupandtransmititto
anuninfectedbird

Thequestionwhichremainsandwithwhichweare
veryconcernediswhetherthereissuchathingasala
tentvirusinfectioninbirdswhichwouldexplainthepro
longedinfectionofindividualsAlthoughourstudiesare
inapreliminarystatewehavesomeratherencouraging
resultsalthoughnothingthatIcanreportindetailat
thistime

IntheKernCountyareawedonothavetolookwith
thepresentevidencewehaveforreintroductionofthe
viruseachsummerWeknowitpersiststhereduringthe
winter

DrMeyerThelatentvirusisapossibilityandyoucan
speakofastressreactionwhichmobilizesthevirusWe
seethatmoreandmoreinvirusesThejoltingofalatent
virusisaveryinterestingthingItsevenpresentinbac
terialvirusThestressreactioncomesupveryvividlyin
allthepsitticosisproblemswhichcomeallthetimeYou
canreckonwiththatbutitisverydifficulttoproveex
perimentallyIsthatnotso

DrReevesIhavethoughtsosofar
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Thissubjectwaslastdiscussedbythisspeakeratthe
1953ConferenceoftheCaliforniaMosquitoControlAs
sociation1SomeyearsearlierDrTHGAitken
sociationSomeyearsearlierDrTHGAitken
atthe1940Conferencereviewedthestatusofmos
attemptedtorelatethesedatatotheoccurrenceofthe
arthropodborneencephalitidesOnthebasisofinforma
tionthenavailableheconcludedthatnogreatcorrela
tioncanbemadebetweenthedistributionofcasesofen

cephalitisandthedistributionofmosquitoesinCalifor
niaTherewerevalidreasonsforsuchastatementtobe
madePriorto1940therewereonly12mosquitocontrol
agenciesintheCentralValleyandlittleifanysystematic
attemptwasmadetomeasuremosquitopopulationsIt
shouldalsoberecalledthatasof1940onlyAedesspecies
4ofwhichoccurredinCaliforniahadbeenincrimi
natedaspossiblevectorsofwesternequineencephalitis
Routinelaboratorydiagnosticworkatthattimerepre
sentedbutasmallfractionofthatnowbeingaccom
plishedTheCentralValleynowhas24mosquitoabate
mentagencieswhichconductafulltimeprogramofmos
quitopopulationmeasurementLikewisetodaywehave
additionalvectorinformationoncertainCulexCuliseta
andAnophelesmosquitoeswhichoccurinthisstate

Forthebenefitofthosepersonspresentwhoarenot
wellacquaintedwiththemosquitocontrolprogramin
Californiaitmaybehelpfultomentionbrieflytherela
tionshipofpastandpresentmosquitopopulationmeas
urementprogramsutilizedinthisstate

TechniquesofmeasuringmosquitopopulationsinCali
forniafrom1946to1952werenotsatisfactoryasaidsin
interpretingtheepidemiologyofthearthropodborneen
cephalitidesDuringtheseyearsthelackofreliablemeth
odsofmeasurementandtheinadequatequarterlyreport
ingsystemmadeitimpossibletoevaluatepreciselyand
scientificallytheeffectivenessofmosquitocontrolFur
thermorethesefactorswerepartlyresponsibleforthe
latestartineffectingtheemergencycontrolprogramfor
the1952epidemicofencephalitisAtthistimemeasure
mentmethodswereaimedprimarilyattheadultmosquito
andinvolvedtheuseofartificialrestingstationsandto
someextentlighttrapsSince1953theCaliforniaMos
quitoControlAssociationhasusedastandardizedplan
formosquitopopulationmeasurementwhichincludes
considerationofbothimmatureandadultstages
Weeklymosquitocollectionandoccurrencereportsare
submitteddirectlytotheBureauofVectorControlState
HealthDepartmentforrecordingandevaluationSuch
reportsincludesubjectivelarvaldatafromfieldinspec
tionsandcountsfromlighttrapsoperating12hourseach
nightoftheweekfromMarchthroughOctoberinclusive
Consequentlysince1953agreaterefforthasbeenmade
throughoutCaliforniatostandardizeandimprovemeas
urementtechniquesinordertomorefullyunderstand
thepopulationtrendsofmosquitoesLikewisemore
thoughtisbeinggiventothemaintenanceofabiological
recordinordertoincreaseourknowledgeofbothmos
quitocontrolandtheoccurrenceofmosquitobornedis
eases
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ThepopulationtrendofCulextarsalisintheGreat
CentralValleyasmeasuredfromartificialrestingsta
tionsreportsduringtheyears1949to1951exhibitedtwo
mainannualpeaksBasedonthisthreeyearmedianthere
wasamoderatepeakfromthelatterpartofAprilthrough
MayandahigherandbroaderpeakextendingfromJuly
throughSeptemberThenumberofreportedcasesby
dateofonsetofhumanencephalitiscalculatedonafive
yearmedian19451950reachedapeakinAugustwhile
confirmedcasesofwesternequineandStLouisreached
apeakinJulyandSeptemberrespectivelyIn1952the
peakoccurrenceoftarsalisstartedinMayandextended
throughJulywhilethecharacteristicsecondpeakwas
hardlyevidentParalleltothiswastherecordoccurrence
bydateofonsetofhumancasesinJulyinsteadofAu
gust

SincetheoccurrenceandactivityofCulexspeciesde
pendinpartonclimaticconditionsitmaybeworth
whiletoreviewbrieflysuchdataThewinterof1951
1952playedanimportantroleinmosquitoproduction
Heavyrainsthroughoutthestateandarecordsnowpack
inthemountainswererecordedduringthewintermonths
DecemberthroughMarchThesefactorscontributedin
parttotheearlyoccurrenceandabundanceofCulextar
salisThefollowingyear1953openedwithanindication
ofaseverewinterDecember1952wasthewettestDe
cemberonrecordintheCentralValleybutthepicture
changedradicallyduringJanuaryFebruaryandMarch
1953Januarytemperatureswerethewarmestonrecord
since1920withasnowpackofnearzeroFebruarypre
cipitationwasthelowestsince1899withthegreatestde
ficienciesoccurringintheCentralValleyMarchprecipi
tationfellbelownormalbutsubfreezingtemperatures
occurredthroughtheCentralValleyThislatterchange
inMarchprobablycontributedtotheslowlarvalpro
duction

Thepeakofadulttarsalisasmeasuredbylighttrap
collectionsoccurredfromAugustthroughthefirstofSep
tember1953Thiscloselyparallelsamorenormaltrend
intheCentralValleyThepeakoftarsalisasmeasured
byartificialrestingstationcollectionsoccurredatapprox
imatelythesametimebutwasconsiderablylessthanthe
recordoccurrencein1952Thenumberofhumancases

ofencephalitiswaslikewisemuchlowerin1953thanin
thepreviousyearOnly67percentof34allocatedand
confirmedcasesoccurredintheCentralValleyFifty
percentofthesecasesoccurredsubsequenttothepeakof
tarsalisApproximately29percentofallconfirmedcases
inthestateoccurredinRiversideandImperialCounties
whicharelocatedinthesoutheastregionofCalifornia
Mosquitomasurementrecordswereavailableforonly
RiversideCountyFiveofthesixcasesallocatedtothat
countyoccurredsubsequenttothehighpeakoftarsalis
inJuly

1954commencedwithanindicationofamildwinter

TheprecipitationinDecember1953wasthelowestsince
1930andthesnowpackwasbelownormalJanuaryto
March1954evidencednearnormalrainfallnormal
temperatureswithgoodfrostsintheCentralValleyin
Marchandnormaltoabovenormalsnowpacksinthe
mountains

In1954tarsalisagainexhibitedanormalpeakofoc
currenceduringAugustandthefirstpartofSeptember
intheCentralValleyWiththeexceptionofonlyafew
CentralValleyareasitwasevidentthattheleveloftar
salisoccurrencewaslowerin1954thanin1953Thisdif



ferencewasalsoapparentfromcollectionrecordsinnon
controlledmoareasoftheCentralValley

Incontrasttothistwoyeardifferenceoftarsalisoccur
renceisthethreefoldincreaseofconfirmedencephalitis
casesin1954overthosein1953Itissignificantthatap
proximately97percentofthesecasesoccurredintheCen
tralValleyand80percentofthecaseswereallocatedto
theSanJoaquinCountiesTheremaining20percentwere
allocatedtotheSacramentoValleyCountiesAtthistime
wemayaskwhatwastheoccurrenceofthetarsalispop
ulationinthesetworegionsoftheCentralValleyA
higherleveloftarsalisoccurrencewasreportedfromthe
SacramentoValleyareawherethetarsalispeakoccurred
fromthemiddleofJulytothemiddleofAugustThis
wasapproximatelytwoweekspriortothegeneralCentral
ValleypeakNinetyonepercentoftheconfirmedcases
intheSacramentoValleyCountiesoccurredsubsequent
tothepeakoftarsalisIntheSanJoaquinValleyCoun
tiesonly45percentoftheconfirmedcasesoccurredsub
sequenttothetarsalispeak

Thisreviewofthemosquitoandencephalitiscaseoc
currencehasbeenpresentedonaverybroadbasisand
indeedwithreferencetoanextremelylargeareaIsthe
samepicturetrueofsmallerareaswithintheCentralVal
leyFourvirusrecoverystudyareasweremaintainedin
SutterSanJoaquinFresnoandKernCountiesduring
thesummerof1954Atthesametimeamosquitopopula
tionmeasurementprogramwasconductedineacharea
TheSutterCountystudyarealocatedintheheartofthe
SacramentoValleyexhibitedapeakoftarsalisinthe
lastweekofJulyThreeofthefourconfirmedcasesoc
curredthreeweekslaterTheSanJoaquinCountystudy
arealocated80milessouthoftheSutterCountyin
theSanJoaquinValleyexhibitedatarsalispeakduring
thefirstweekofAugustTheoneStLouisandtheone
westernequinecasedetectedinthisstudyareaoccurred
threeandsixweekslaterThepeakoftarsalisoccurred
duringthefirstweekofSeptemberintheFresnoCounty
Studyareawhile19ofthe33totalcasesorapproxi
mately60percentoccurredafterSeptemberfirstThis
areaislocated100milessouthofSanJoaquinCounty
TheKernCountystudyarealocatedanother100miles
southofFresnoCountyinthesouthernendoftheSan
JoaquinValleyexhibitedthemainpeakoftarsalisdur
ingthefirstweekofAugustTenofthe17totalcasesor
approximately60percentoccurredthereafter

Onefinalquestionarethereothermosquitospecies
thatshowarelationshiptotheoccurrenceofencephalitis
casesCulexpipiensandorCulexquinquefasciatusshow
compatibleoccurrencewiththeencephalitiscasesinthe
CentralValleyUnfortunatelywehavepreparedno
graphforcomparisonwiththetarsalisoccurrenceAcom
pilationofamajorityoftheCentralValleymosquitocol
lectionrecordsshowedthatthesespeciesexperiencea
similartrendthroughthesummermonthsTheCulexspe
cieshowevercontinueintheirprevalencethroughSep
temperandOctoberaperiodwhenthetarsalispopula
tionisusuallydiminishing

InconclusionIbelievewehavemadeconsiderable
progresstowardunderstandingtheoccurrenceofCalifor
niamosquitopopulationsWehaveprovidedevidence
whichsupportsthebeliefthattransmissionofinfectious
encephalitistomaninCaliforniaisprincipallybyCulex
tarsalisThereisstilltheneedhowevertoimproveour
mosquitopopulationmeasurementmethodsandtopro
videadditionalinformationonmanyofourothermosqui
toesofpublichealthimportance
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FIELDPROBLEMSINTHECONTROLOF
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Inthelightofourpastexperienceitisunfortunate
toputitmildlythatCulextarsalisistheprincipalvector
oftheviralencephalitideswearediscussingtodayThis
mosquitoismostuncooperativeinitshabitsandhasdone
acommendablejobfromitsownpointofviewincre
atingheadachesandheartachesforusManyofthemem
bersofthisgroupareentirelytoofamiliarwithexisting
CulextarsaliscontrolproblemsForthatandotherrea
sonsIwouldliketomakeonlyabriefreviewofsomeof
theexistingproblemsandwouldthenliketodiscussour
prospectsforCulextarsaliscontrolinthefutureUnless
otherwisestatedtheinformationpresentedwillbebased
uponCaliforniaexperienceprincipallyintheCentral
Valley

Controlofdiseasevectormosquitoesismostefficiently
carriedoutordinarilybyspeciessanitationprogramsde
signedtotakeadvantageofindividualisticmosquitobe
haviorpatternsCulextarsalishoweverisamostadapt
ablecreatureandhasfewfixedpreferencesorhabitsto
assistusindevelopingaspeciessanitationprogramforit
Larvaeofthismosquitoarefoundinalmostanyconceiv
abletypeofwatercollectionwhetheritbepermanentor
intermittentshadedorunshadedbrackishorfreshpure
orfoulThefemaleislonglivedandhasaflightrange
whichmayconsiderablyexceedtwomilesLarvaeand
adultshavedemonstratedanabilitytorapidlydevelop
extremeresistancetochlorinatedhydrocarboninsecti
cidesFeedingandrestinghabitscombinedwithresist
ancetocurrentlyavailableresidualinsecticidesmake
adultcontroldifficult

Themajordeterrenttothedevelopmentofspeciessani
tationprogramsforCulextarsalisisthefactthatmost
mosquitocontrolagenciesmustcontrolnoxiousmosqui
tiesinadditiontocontrollingdiseasevectorsMostmos
quitocontroldistrictswereformedtocombatnoxious
mosquitoesandthepeopleconcernedexpectanddemand
protectionagainstdiscomfortWhenanepidemicisnot
immediatelypendingprotectionagainstdiscomfortfre
quentlyassumesinthepublicmindprecedenceoverpro
tectionagainstdiseaseManycontroldistrictsdonothave
theresourceswithwhichtoconductcompletelyadequate
insecticidaloperationsagainstbothCulextarsalisand
noxiousmosquitoeswhichareprincipallyoftheAedes
speciesSourcereductionprogramsofmostcontroldis
trictshavenotyetprogressedtothepointwheretheycan
haveanimmediatelyappreciableeffectontheCulextar
salispopulationThepublicmustbeeducatedconcern
ingthefactsofthecomfortversusdiseaseproblembut
sucheducationisfarfromeasyMistakesinsuchanedu
cationalprogramcaneasilyleadtonearhysteriacharges
ofincompetenceorchargesofridingapapertiger

MostCulextarsalissourcesintheCentralValleyare
ruralandareassociatedwithirrigationIfthetremendous
loadofirrigationcausedsourcescanbeeasedmosquito
controlagencieswillhaverelativelylittledifficultyincop
ingwithurbansourcesandwithnonirrigationrural
sourcessuchassewerfarmsandcannerylagoonsItap
pearsthenthatweshoulddevotemostofourattention
toirrigationcausedsourcesofCulextarsalis

Ricefieldsareoneofourtoughestcustomersfromthe
standpointofapplyingcontrolmeasuresThefieldsmust



becontinuouslyfloodedforlongperiodsoftimeandwe
cannotdrainthemtopreventmosquitoproductionThe
densericegrowthhinderstheuseofinsecticidalsprays
ormosquitofishFewifanydistrictshavesufficient
fundstomaketherepeatedinsecticideapplicationsnec
essaryforgoodinsecticidalricefieldcontrolNaturalistic
controlhoweverisdistinctlypossibleandencouraging
progressisbeingmadetowardfindingasatisfactory
method

WhenweconsiderirrigationcausedCulextarsalis
sourcesotherthanricefieldswefindthatthismosquito
hasadefiniteAchillesheelWatermustordinarilystand
foraperiodofatleastsevendaysbeforeCulextarsalis
canmakeuseofittocompleteheraquaticcycleThis
meansthatwithonlyafewexceptionstheproductionof
CulextarsalisisassociatedwithwastewaterNearelimi
nationofCulextarsalisbreedingisnotdifficultinwellde
signedandadequatelymaintainedirrigationstructures
canalsandditchesPoorlydesignedandpoorlymaintained
structurescanalandditchescauseirrigationoperations
tobeinefficientwithresultingwaterwasteOneacreof
cattailsinacanalorditchcantranspire15acrefeetof
waterperseasonor10acrefeetmorethanwouldevapo
ratefromanequivalentareaofcanalwatersurfaceThe
excesstranspirationwhichistotalwasterepresents
enoughwatertoirrigate2acresofalfalfaintheBakers
fieldareaWaterwhichisallowedtorunintoborrowpits
orontobarrenalkalilandisobviouslywastedWater
whichstandsinintermittentlyirrigatedcroppedfields
longenoughtopermitCulextarsalisproductionislargely
wastedanddamagesthecrop

SomeofyoumaywonderwhyIbelabortheassocia
tionofCulextarsalistowaterwastagetothepointofin
cludingexamplesinvolvingquantitiesofwaterwhich
appeartobeinsignificantfromanirrigationstandpoint
Weknowthattherearedefiniteplansforbringingaddi
tionalwatertotheCentralValleyforagriculturaluse
andyoumaywonderhowinthefaceoftheexpected
delugeanyonecanforecastadecreaseinwaterwastage
Therearesomeaspectsoftheproposedprojectswhich
havereceivedlessnoticethanthestructuresinvolvedThe

insignifiicantquantitiesofwaterarebecomingmoresig
nificanteveryday

TheUnitedStatesisandhasalwaysbeenanation
blessedwithasurplusofwaterandarablelandresources
Itseemsinconceivabletomostofusthatthissituation

couldeverchangeManyofourhabitsandpracticesare
basedonthatsurplusTheaverageUnitedStateshouse
wifehasusuallyhadconsiderablequantitiesoffoodto
throwinhergarbagecanTheaverageUnitedStates
farmeralthoughremarkablyefficientinusingmanpower
hasnothadtobeoverlyconcernedaboutconservinghis
soilandirrigationwater

ItisexpectedthatthepopulationoftheUnitedStates
willtotal190millionpeoplebytheyear1975justtwenty
yearsfromnowTofurnishthatpopulationadietbased
onthe1950standardwillrequire577millionacresof
croplandassumingfarmproductionefficiencyof1950
Ifweaddtoourpresentfarmedacreagealltheadditional
acreageitisestimatedwecanputintoproductionwe
willstillbe70millionacresshortofourrequirementsIf
weareinterestedinprovidinganadequatedietforall
ofourexpectedpopulationwewillbe182millionacres
shortWearecontinuallyincreasingourproductionper
acrebydevelopingnewfarmingequipmentnewtillage
methodsandnewcropvarietieslearningmoreabout
plantdiseasesandinsectpestsandlearningbetterways
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tousefertilizerssoilsandwaterButtherearecontinu
allythousandsofacresoflandgoingoutofproduction
everyyearforvariousreasonssuchaserosionsalinityand
alkaliWearenotgoingtowinthebattleofproduction
unlesswemakemaximumuseofallavailableresources
Limitedusablewatersuppliesareakeyfactorinpredicted
shortages

Tobemorespecificaboutfuturewatershortageswe
canexaminesomefiguresfortheStateofCaliforniaThe
safeyieldofpresentlydevelopedCaliforniawaterre
sourcesisapproximately21millionacrefeetannually
TheStateDivisionofWaterResourceshasconducted
investigationswhichshowthatpresentuseis24million
acrefeetannuallyor3millionacrefeetmorethanthe
safeyieldThatisequivalenttodrawingmoneyfromthe
bankwithoutmakinganydepositsItcannotgoonmuch
longerTheDivisionestimatesthat51millionacrefeet
annuallywillberequiredtosupplytheneedsofthepopu
lationCaliforniaexpectstohaveby1980Developing
therequiredadditional31millionacrefeetisgoingto
takesomeofHaroldGraysbrainstretchingandis
goingtocostmorethanseveralbarrelsfullofmoneyIt
seemsreasonabletoassumethatwhenthetruecostsof
10miletunnels700footdams1000mileconcretelined
canalsand3000footpumpliftsaremadeknowntothe
peopleofCaliforniatherewillbeafewquestionsasked
concerningtherealneedfortheseimpressivestructures
Beforealltheplannedprojectsarebuiltwecanbesure
thattherewillbeconsiderableattentiondevotedtothe
lessattractivetaskofmakingmoreefficientuseofthe
waterresourceswehavealreadydeveloped

Theinformationjustpresentedmakesitplainthatthe
presenteraofwatersurplusandwaterwastagemustsoon
cometoanendandwiththeendofwaterwastagewe
willseetheendofourworstCulextarsalissourcesDespite
theencouragingoutlookforthefuturesomecontrol
agencypersonnelconfrontedwiththemultifariousfre
quentlydiscouragingtechnicaladministrativeandpublic
relationsproblemswhichhavebeencreatedbytheCulex
tarsalisenigmamayfinditeasytobelievetheyhavea
righttotakeadimviewofthepresentInanswertothis
thoughtIwouldliketopointoutsomeoftheimportant
andencouragingprogresswehavemadeintheimmediate
pastandaremakingatthepresenttime

Ithasbeensuggestedseveraltimessincethisconference
beganthatweshouldenlisttheaidofagriculturalagen
ciesinourfightagainstmosquitoesWehavealready
mademorethanagoodstartonthisEffectivecoopera
tionhasbeendevelopedbetweenthemosquitocontrol
agenciesandtheUniversityofCaliforniajointpersonnel
trainingsessionsandthebulletinMosquitoControlon
theFarmpreparedbyUniversitystaffmembersattest
tothisTheaidandcooperationoftheAgriculturalEx
tensionServicehasbeenenlistedAresearchirrigation
engineerfromtheAgriculturalResearchServiceUS
DAparticipatedthispastsummerinajointmosquito
probleminvestigationwithBureauofVectorControland
CaliforniaMosquitoControlAssociationpersonnelThe
factthattheSoilandWaterConservationResearch

BranchoftheAgriculturalResearchServicehassenttwo
researchirrigationengineerstoparticipateinthisconfer
encecertainlyindicatesinterestonthepartofthatagency

Wehaveobtainednewknowledgeconcerningequip
mentandinsecticidestohelpuswiththetemporaryphases
ofourprogramsThroughthecooperationoftheCalifor
niaStateHealthDepartmenttheUSDepartmentof
AgriculturetheKernMosquitoAbatementDistrictand



otheragenciessafemethodsofusingphosphateinsecti
cidesweredevelopedandapprovedwithamazingspeed
Sincethattimewehavelearnedagreatdealaboutthe
useofphosphateinsecticidesandtheyhaveprovenin
valuabletosomedistrictsRecentcooperativetestshave
givenusimportantinformationconcerningequipmentfor
insecticideapplication

Wehavethroughcooperativeinvestigationsbegun
thecollectionofinformationwhichisenablingustoprove
thatitisnotnecessarytoproducemosquitoesintheirri
gationprocessWhenIfirstbecameassociatedwithmos
quitocontrolaboutfouryearsagowehadtheknowledge
byvirtueofdeductivereasoningbutwedidnthavethe
proofThereisatremendousdifferenceandthisnewin
formationwillbeofgreathelpinobtainingthecorrection
ofirrigationcausedCulextarsalisandothermosquito
sources

OnanationalbasistheUSPublicHealthService
andtheSoilandWaterConservationResearchBranch
oftheAgriculturalResearchServicehaveinitiatedaco
operativeprojecttoimproveirrigationpracticesandre
ducemosquitoproductioninalowincomeareawhich
cannotpresentlyfinanceaprogramaimedsolelyatmos
quitocontrolThisprojectwillbeconductedintheMilk
RiverValleyofMontanaanareawhichhassevereirri
gationandmosquitoproblemscombinedwithapotential
encephalitisproblemEncephalitisvirusrecoverytests
madebytheUSPHSonCulextarsalisfromthisvalley
resultedin14isolationsfrom51poolstested

Wehaveotherimportantaccomplishmentstoour
creditbutthereisnottimetopresentthemhereIncon
sideringouraccomplishmentsIamremindedofastate
mentmadebyMrWilliamBollerudManagerofthe
DurhamMosquitoAbatementDistrictofCaliforniaHe
statedineffectthatinasmuchasmankindhasbeenprac
ticingirrigationforseveralthousandsofyearsandhis
districthasbeeninexistenceforlessthan40yearshe
doesnotfeelitnecessarytoapologizebecausehehasnot
vetsolvedallthewateruseproblemsIagreewithMr
BollerudsphilosophyWehavenotyetsolvedallthe
problemsconfrontingusinthecontrolofCulextarsalis
butwehavemadegoodprogressThereisnoneedto
dwellonthepastWecanbeproudofthepresentAnd
wecanbesurethatinthenottoodistantfutureCulex
tarsaliswillbeamuchsubduedandwellcontrolledinsect
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FOURTHSESSION

130PMTUESDAYJANUARY251955
UNIVERSITYOFCALIFORNIAATLOSANGELES

TheSessionwaspresidedoverbyChairmanHaroldF
GrayManagerAlamedaCountyMosquitoAbatement
DistrictOaklandCaliforniaintheUniversityReligious
ConferenceBuildingontheCampusMrGraywasmod
eratorforthesymposiumMosquitoSourceReduction

MRRFPETERSThisafternoonssessionisentitled
asymposiumonMosquitoSourceReductionToCali
forniansthephraseSourceReductionissynonymouswith
threeotherwordsHaroldFarnsworthGraySowith
considerableprejudiceinthatrespectweselectedMr
Graytomakehislastpresentationintheharnesswithin
thissubject

NowwegiveyouMrSourceReductionMrGray

SYMPOSIUMONMOSQUITOSOURCE
REDUCTION

IntroductionbyHAROLDFGRAYChairman
Thisafternoonwearetodiscusstheproblemsofmos

quitosourcereductionThemembersofthepanelare
intheorderoftheirpresentationasfollows

1RobertHPetersManagerNorthernSanJoaquin
CountyMosquitoAbatementDistrictLodiCalifor
niawhowilldiscusstheeconomicandlegalaspects
oftheproblem

2GordonFSmithTechnicalDirectorKernMos
quitoAbatementDistrictBakersfieldCalifornia
whowilldiscusstheagriculturalandruralaspects

3HenryFEichDeputyDirectorofSanitationLos
AngelesCityHealthDepartmentandLPercy
MapesDivisionForemanAlamedaCountyMos
quitoAbatementDistrictOaklandCaliforniawho
willdiscusstheurbanandindustrialaspectsMr
Eichwillpresentthepaper

4ThepresentationbyThomasDMulhernAssociate
VectorControlSpecialistBureauofVectorCon
trolCaliforniaStateDepartmentofPublicHealth
BerkeleyCaliforniaofasoundmotionpicturefilm
onmosquitosourcereductionproceduresprepared
bytheDeltaMosquitoAbatementDistrictVisalia
Californiatobefollowedbyapresentationof
equipmenttypesandusesbyMrMulhern

Definitetimelimitshavebeenputoneachpresenta
tioninordertopermitdiscussionbytheaudienceatthe
endofeachpresentationandageneraldiscussionatthe
endofthesymposiumTheintermediatediscussionswill
belimitedto5minutesandtheterminaldiscussionto15
minutesWewillwelcomepertinentdiscussion

Itishardlynecessaryformetoemphasizetothisaudi
enceofmyfellowworkersandfriendsthepositionIhave
consistentlytakenovermorethanfortyyearsthatthe
eliminationorreductionofmosquitolarvalhabitatsisthe
essentialbasisofeffectivemosquitoabatementexceptin
specialsituationsWemustneverlosesightofthiscon
ceptDuringthepostwarperiodtheimpactoftheso
calledmiracleinsecticidescausedmanyworkersto
abandonorgreatlyreducetheirsourcereductionopera
tionsinfavoroftheinitiallyspectacularbutephemeral
insecticidaloperationsButsadexperienceisbringing
thembacktothebasicconceptofsourcereductionasthe
primarymethodofmosquitocontrolWhileitistoomuch
toexpectofhumannaturethatyouwillalwaysstayon
thebeamIhopethatyouwillnotgetoffthebeam
tooofteninthefuture



ECONOMICANDLEGALASPECTS
OFMOSQUITOSOURCEREDUCTION

ROBERTHPETERSManager

NorthernSanJoaquinCountyMosquitoAbatement
District

Theeconomicandlegalaspectsofsourcereduction
astheyrelatetomosquitoabatementprogramsarein
deedavexingchallengetodiscussionImustadmitIhave
engagedinaterrificmentalstruggleforthepastfew
monthstryingtoseparatethesignificantfromthetrivial
ontheseextremelyimportantconsiderationsIndividu
allyeithertheeconomicaspectsorlegalaspectsare
enoughtoinvitedespairbuttogethertheyreallyaresuf
ficientbasisfordrivingonetodistraction

HoweverthemoreItriedtoseparatethelegalfrom
theeconomicthemoreIbecameawareofthewisdom
ofourChairmanincombiningthetwosincebothinter
weavetoformthefundamentalbasisuponwhichmos
quitoabatementprogramshavegrowninthisStateIni
tiallyhoweverweshouldconsiderthehistoricalchanges
whichhaveoccurredinorderthatpropersignificancecan
beplacedontheseeconomicandlegalaspectsofmosquito
sourcereductioninrelationtotheevolutionofouractivi

tiesParticularlyshouldweexamineandconsiderthe
legalintentandnotetheconsiderablechangesthathave
takenplacebothintypesofproblemsaswellasemphasis
since1915whenourMosquitoAbatementActwas
written

Originallymosquitoabatementactivitiesbecamenec
essarytocopewithasingledisease Malariaandtocom
batmosquitoesoriginatingmostlyfromnaturalsources
particularlycoastalmarshesandinlandswampswhich
forthemostpartadverselyaffectedrealestatedevelop
mentsandnecessitatedaspecificlandreclamationap
proachtoprovideasolution

Althoughtheseconsiderationsarestillofimportance
wearenowofnecessityfacedwithamoreseriousdisease
namelyencephalitisandinadditionmustplaceforemost
emphasisontheproblemsartificiallycreatedfromex
pandedwateruseinourStatesNo1economicentity
thatofirrigatedagricultureWhereasatonetimemos
quitocontrolcouldbemoreeasilyapproachedasafunc
tionsomewhatseparatefromotherinterestswenowfind
ouractivitiesbecominganintegralpartofthetotalpic
tureasagricultureaffectstheeconomyoftheStateOur
majorproblemsnolongerarethenaturalisolatedand
specifictypesbutratherthroughexpandingagricultural
industrialanddomesticchangeswenowfindawide
spreadgeneralmosquitoproducingpotentialoffar
greatermagnitudethroughoutourStateEventheem
phasisondiseasehascorrespondinglychangedfroma
mosquitoofcomparativelyspecificorigininthecaseof
malariatoamosquitoofstatewideconcerninthecase
ofencephalitis

Certainlyitcanbeindicatedthatmosquitocontrolin
Californiahasbecomemorecomplexthroughthedevel
opmentofthelandandwaterresourcesofthisState
whichnecessitatesanobjectiveanalysisofourbasicap
proachesandattitudesasweconsiderthissubject

Originallytheverywordabatementinferredexter
minationandsourceeliminationbuttodaythestepsto
wardthisendofnecessityinvolvemorecomplicatedlegal
andeconomicconsiderationswhichhavecausedthecoin
ingofthepracticaltermsourcereduction
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Theapproachesormeansofaccomplishingsourcere
ductionaremanifoldbutcanprobablybebestplacedin
thefollowingcategories

1Educational

apreventive
bcorrective

2Taxsupported
3Cooperativecostbasis
4Legalprocess
5Interagencyparticipation

Sinceitisrecognizedthatthetermsourcereduction
referstoawidescopeofsourcesitappearsthatwemust
broadenouroutlookonthisimportantphaseofourpro
gramBasicallyitappearsourjobisbecomingoneofeco
nomicjustificationwhichprettywellguidesthethinking
asweconsidertheeconomicaspectsofsourcereduction
Inordertoaccomplishanobjectiveoneshouldbeableto
justifytheend

Itismyreasonedconclusionthatwehavemuchinthe
wayofammunitiontoassistusinattemptingtojustifya
sourcereductionapproachinmosquitocontroltodayand
mostofthisammunitionhasaneconomicsignificance

Startingfromourownsideofthepictureitiscertainly
logicalthatitisbotheasierandlesscostlyinthelongrun
toeliminateorreduceagivenwatersourcethanitisto
indefinitelyspraysuchasourceParticularlyissuchtrue
wherewefindourselvesinanexpandingwaterusesitua
tionasistrueinthisStateItisalsocommonlyknownthat
themajorityofmosquitosourcesbecomemoreprolificpro
ducersofmosquitoesaswaterremainsallowingweedsor
vegetationtoaccumulatetherebypresentingabarrierto
chemicalcontrolSuchasituationcanonlymeanin
creasedamountsofinsecticideincreasedlaborandcon
sequentlyincreasedcostSuchthenisourjustification
fordirectingoureffortstowardmosquitosourcereduc
tion

Fromtheothersideofthepictureweareobligedto
approachthissubjectfromastandpointofattempting
topointoutthefactthatmosquitosourcesaregenerally
awasteoflandandwaterandafailuretoutilizespaceto
economicadvantageWemustpreachsoilconservation
andwaterconservationinsuchawaythatwecanreach
amanspocketbookandjustifyadesiredenvironmental
changethroughcoldlogicwhereinweprovethatour
objectivesonlyhappentobethesameasthoseofaparty
whohasfailedtorealizethegreatestpossibleeconomic
advantagefromhislandIfapastureforexampleis
overirrigatedsothattwentypercentofthefieldispro
ducingmosquitoesthatportionisnotorsoonwillnot
begrowingthecloverorgrassesthatwereplantedorig
inallyEconomicallythismeansthatthisfarmerisoper
atingatonly80percentefficiencyandisrealizingone
fifthlessreturnthanwouldbepossibleifallthefieldwere
producingIfhehasapumpheisnotonlywastingwater
butispayinganelectricbillconsiderablyinexcessofthat
whichisnecessary

Ifacannerywineryorsewageplantisfloodingtwenty
acreswithwastewaterwhentenacresifadequatelypre
paredcouldholdthewaterthenthereisafailuretouti
lizelandwhichmightbeputtobetteruseorleasedfor
morethanenoughtoprepareasystemtodisposeofthe
wastesinanorderlymanner

Oftenitcanbepointedoutthatcontinuousoreven
tualmaintenancecostsareinexcessoforderlyorganized
wastewatermanagementeitherinindustryoragriculture

Intheagriculturalfieldofsourcereductionwehave
beengreatlyaidedbyarecentAgriculturalExtension



ServicepublicationMosquitoControlontheFarmby
BaileyBohart Booherwhereinthefollowingpointis
emphaticallymade

Waterwhichstandsonfieldsformorethan24
hoursafterirrigationisofnobenefittocrops
exceptinsuchspecializedoperationsasrice
growing

Thispointisextremelyimportantinsupportofourmos
quitosourcereductionobjectives

Wearefortunateindeedtobeinapositionthatfinds
ouraimsalliedsocloselywithgoodagriculturalpractices
aspertainstowateruseanditisourjobtoutilizethis
coincidencetoourmutualadvantage

Myexperienceinthefieldindicatesthatnoneofour
objectivesareinconsistentwithgoodwatermanagement
Itisthereforeonlyreasonablethatweshouldproceed
activelyandintelligentlytowardanexpandedsourcere
ductionapproachinourprogramsifwearetoeverkeep
pacewithletaloneequalizethesewatersourceswhich
areincreasingdaily

Forspecificjustificationofthesourcereductionap
proachIwouldliketopointoutsomeratherconvincing
conclusionswhichourDistricthasrealizedinourown

program
Ofgreatestsignificancetoourtotalefforthasbeenour

sourcereductionprogramalongtheMokelumneRiver
bottomwhereoveraperiodofseveralyearswehavema
teriallyalteredtheentireemphasisofourprogram
throughthisapproachWehavechangedtheproblem
ratingofthisareafromfirstofimportancetoaboutfourth
atthepresenttimeThisphaseofourprogramhasbeen
basedonremovingthejunglecoveredsourcesofthree
speciesofAedesmosquitoeswithheavyequipmentby
levelingandleveeingtheselandstowherethesespecies
ofmosquitoeshavebeenreducedfromapopulationof
billionstowheretheyarenowraritiesEconomically
ourresultstodatehavehadamarkedeffectonourtotal

costofcontrolFromthestandpointofinsecticideuse
alonetherehasbeenadistinctdownwardtrendoverthe
pastfouryearsasfollows

1950 3828lbsDDT
1951 2017lbsDDT
1952 2111lbsDDT
1953 726lbsDDT
1954 531lbsDDT

Thisisareductionto17oftheamountofinitialin
secticideusedinthisperiodandofcourseweallknow
thatthecorrespondingreductioninlaborcostsiswhere
therealsavingscanberealized

Thepositiveeffectcanbebestsummeduphowever
intherealizationthatwehavenowmadeapproximately
800acresofriverbottomlandusableforagriculturein
dustryandrecreationApproximately100acresofindus
trialwastepondshavebeenbuiltorreconstructedinto
orderlyaccessiblefunctionabledisposalbedsThisrep
resentsareductioninspacetoabout23oftheoriginal
unorganizedinaccessibleareaandaconsequentreduc
tionofcontrolcoststoaboutonefourthoftheoriginal
total

Agriculturalcropsoftomatoesbeanscornandpas
turesnowreplacetheinaccessiblejunglesinthischang
inglandscapeatacostaveragingaround12000peracre
tothefarmer

Althoughourstridesinsolvingsomeoftheagricultu
ralsourcesinotherareasofourDistricthavenotbeen
asrapidthefollowingsourcereductioneffortsshowa
trendbasedonsimilarjustificationAseriesofdrainson
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onefarmofapproximately100acresresultedinthere
claimingofaboutfifteenacresofadditionalpasturefor
thefarmeratacostofabout3300peracreAdefinite
reductionininsecticideto13theamountandtotalman
hoursto16followedthiseffortduringtheensuingyear

Inanotherinstancewhere400acresofwildpasturewas
floodedabouttentimesyearlyasystemofdrainswasin
stalledtoreclaimaboutfiftyacreswhichpreviouslyre
mainedunderwaterThiseffortreducedourcontrolcosts
fromaround1200tolessthan400thefollowingyear

Anothercommunityprojectrecentlycompletednow
drainsthreefarmsofabout110acresintoanartificial
lakefromwhichonefarmercanreclaimthewaterby
pumpingintohisirrigationsystemAboutfifteenaddi
tionalacresarenowavailableforgrazingandourcosts
ofcontrolwerereducedtoonefifthofthepreviousyear

Inallofthesejobsourapproachhasbeenoneofselling
theideatothefarmerorprincipalthatheislosing
moneybyallowingconditionstoexistwhereheisnot
utilizinghislandwhichincidentallyisalsoproducing
mosquitoesThisapproachhasbeenconsistentwithour
beliefthatmosquitoconsiderationsarebecomingsecon
darytomajorfactorsofspaceutilizationandwateruse
andshouldnotthereforebethelegalbasisforenviron
mentalchangeatleastuntilsuchtimeasnoprogresscan
bemadethroughtheprocessofreasonandeconomicjus
tification

Certainlyatthistimetherearisesaneedforconsid
erationofthelegalaspectsofsourcereduction

ThefollowingsectionsfoundinChapter5ofthe
HealthandSafetyCodeArticle4underDistrictPow
ersappeartoguideourpresentsourcereductionap
proaches

Sec2270aTakeallnecessaryorproperstepsfor
theexterminationofmosquitoesfliesorotherinsects

Sec2270dIfnecessaryorproperinthefurther
anceoftheobjectsofthischapterbuildconstructrepair
andmaintainnecessarydikesleveescutscanalsor
ditchesuponanylandandacquirebypurchasecondem
nationorbyotherlawfulmeansinthenameoftheDis
trictanylandsrightofwayeasementspropertyorma
terialnecessaryforanyofthosepurposes

Sec2270jDoanyandallthingsnecessaryorinci
denttothepowersgrantedbyandtocarryouttheob
jectsspecifiedinthischapter

IntheabatementprocedureSection2276impliesen
vironmentalchangewhereinitstatesThenoticeshall
furtherdirectthattheownershallwithinaspecifiedtime
performanyworkwhichmaybenecessarytopreventthe
recurrenceofbreedingintheplacesspecifiedintheno
ticeInSection2282itfurtherstatesthatthedistrict
boardshalltakeappropriatemeasurestopreventthere
currenceoffurtherbreedingwhereanoticetoabateis
notcompliedwith

Althoughitisrecognizedthattheabovemaybecon
struedtojustifylegalactionstoaccomplishsourcereduc
tionwealsoshouldnotethatconsiderablechangehas
occurredinouradministrativeprocedureaswellasour
conceptssince1915whenthislawwaswritten

Intheinterestofcomparisonitshouldberecognized
thatthelaworiginallyprovidedforexterminationand
eliminationofmosquitosourcesbyabatementthrough
legalprocessconductedbyaBoardofTrusteesofwhich
theSecretaryappearedtobethekeymemberHowever
inrecentyearschangesinouragriculturalindustrial
anddomesticpatternthroughanexpandedwateruse
haveresultedinanewsetofconditionsWenowfindour



selvescarryingonprogramsemphasizinganadministra
tiveapproachbasedontechnicalassistanceandcoopera
tiveserviceswhereinourBoardofTrusteesareaccom
plishingtheirobjectivesindirectly

Todaywehavealmoststoppedthinkingofextermina
tionandeliminationaspracticaltermsandinsteadfind
ourselvesthinkingintermsofcontrolandminimiza
tionastheyapplytoourchangingexpandedproblems

Itismyfirmconvictionthatinourfutureoutlook
whereinwefindourfunctionsdirectlyaffectingthepub
liceconomyasneverbeforewemustcollectivelyusewis
dominresortingtolegalprocedurestoaccomplishsource
reductionsincelawslikemosquitosourcescanbechanged
tobestsuitthepublicinterest

Canweanylongerconsiderourlawastheswordof
ourfutureCanweanylongerconsidermosquitooccur
renceasapublicnuisanceinthesamegeneralsenseas
wehaveinthepast

Arewenotinsteaddevelopingintohighlytrainedand
skilledagencieswhichwillevenmoreutilizethepositive
approachinthefuturethrougheducationprofessional
servicesandproperequipmenttoassistourconstituents
indevelopingthelandandwaterresourcesofourState

AGRICULTURALASPECTSOFMOSQUITO
SOURCEREDUCTION

GoitnoxFSMITHTechnicalDirector
KernMosquitoAbatementDistrict

Formanyyearsthebywordofthosemosquitoabate
mentdistrictsconcernedprimarilywithagriculturalprob
lemsinCaliforniahasbeenthatbyfarthegreaterportion
ofmosquitoproductionduetoagricultureistheresultof
theexcessiveuseofirrigationwaterInrecentyearsas
difficultieswithinsecticidesincreasethisstatementis
heardplaintivelyinexplanationorbelligerentlybut
evermoreoftenItisaverynicepatstatementandI
thinkitmaybeeasilydefinedaswaterappliedtothe
landinexcessofthatneededforthebestproductionof
thecropathandThatisasimpledefinitionandprob
ablyveryinadequatehoweverthereisajokerinthe
deckandthatisthewordexcessConsideringallthe
phasesofthesubjectathandtheredoesntseemtobe
anyeasydefinitionofthewordexcessInfactitmay
havetoberedefinedwitheachindividualcasewheremos

quitobreedingoccurs
Sincetheneedsofagriculturearetheprimaryfactors

concernedandmosquitocontrolisactuallyofsecondary
importanceintheeconomytheproceduresselectedfor
thehandlingofamosquitosourceonanypieceofagricul
turallandshouldnotinterferewithandifpossibleshould
enhancetheproductivityofthatlandItmustfitinwith
theeconomyoftheareaingeneralItisthereforeneces
saryinconsideringmosquitosourcereductioninagricul
turalareastolookcarefullyintoeachproblemandtak
ingeachonitsownmeritstodeterminewhatcanbedone
toeliminatethesourceortoreduceittothepointwhere
itmaybecontrolledwiththegreatestpossibleeconomy
Insodoingthereareanumberoffactorswhichmust
comeunderconsiderationAlthoughthesefactorsare
moreeasilyconsideredseparatelytheyareinthefinal
analysisofthesituationinteractingandvariablefrom
yeartoyear

Thepreparationofthelandisofcourseoffirstim
portanceIsthelandleveledwithoutlowspotsandof
properslopeforthesoilinvolvedToogreataslopewill
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meanthatagreatdealofwatermustberunthrougha
fieldinordertogetpenetrationintightsoilandtoolittle
slopemaymeanpondingAlsothelandonceleveledwill
notnecessarilyremainsoandgoodfarmingmustinclude
periodiclandplaningandrelevelinginlongrangeplans
Somefarmerslandplaneyearly

Sincemosquitoesareproducedonlywhenwaterre
mainsonthesurfaceofthesoilforaperiodoftimethe
permeabilityofthesoilisofprimeimportanceThe
farmerwantsthewatertopenetrateintothesoiltobe
availabletotheplantsandwewantittopenetrateinto
thesoilsothatitwillnotproducemosquitoes

Oftenmuchcanbedonetoopenasoilupsothat
waterwillpenetrateInthecaseofalkaliestheymustbe
leacheddownoutoftherootzoneThisleachingoften
requiresconsiderablequantitiesofwaterandsomemos
quitoproductionwillresultforaperiodoftimeChem
icaladditivesarecommonlyusedtoaidandspeedthis
processMechanicaladjunctsasdeepchiselingandthe
plantingofdeeprootedcropsarealsoveryhelpfulin
manycasestospeedleachingandtoopenupthesoilto
percolationUndertheseconditionsitisoflittlevalue
torequireafarmertoputinanexpensivedrainagesys
temwhichwillnotbeneededinafewyearsalthough
itisoftenpossibletoreducethesourcebysomerelatively
inexpensivemeanssuchasdrainingintoanaturalslough
whichwouldnotbesatisfactoryasapermanentmeasure
butwilleasethesituationuntilthelandisinsuchshape
thatproperpermanentdrainagemeasuresmaybeplanned
ifnecessary

Thecompactionofsoilisanotherthingthatleadsto
mosquitoproductionandthedamagetothesoilisoften
notrealizedbythefarmerThebestwaytoeliminatethis
seemstobebypreventionbykeepingequipmentorcattle
offofthemoistgroundOccasionallysomegoodcanbe
donebychiselingorrippingtobreakupthecompacted
layer

Thestageofgrowthandnatureofthecropsplanted
inafieldwillalsohaveaconsiderableamountofeffect

onthemosquitoproductiononagivenfieldYoungcrops
especiallyifcultivatedwillrarelycauseamosquitoprob
lemwhenproperlyirrigatedastheydonotrequirea
greatdealofwaterHoweverastheymaturetheywill
requirewatermorefrequentlyifshallowrootedorin
greaterquantitiesifdeeprootedinordertomakeopti
mumgrowthProblemswilloftendeveloptowardtheend
ofthegrowingseasonIrrigatedcottonisagoodexample
IntheBakersfieldareathereisalmostnoproblemina
cottonfielditselfduringtheearlypartoftheseasonif
thefieldisproperlyleveledHoweverastheplantsgrow
largertherootsystemreachesagreaterdepththewater
demandoftheplantincreasesandthefarmerceasescul
tivationthusallowingthesurfacelayersofsoiltoseal
andmakingithardertogetwaterpenetrationintothe
soilThefarmerthenhastoirrigatemoreheavilyinorder
togetwaterthroughthesoilsurfaceandintothesoil
throughouttherootzoneoftheplantsTheinevitable
resultsIncasesIhaveseenseeminglyadequatetailwater
returnsystemsinstalledwitheveryintenttoeliminatethis
problemandwhichwouldnormallybesufficientforany
othercropcouldnotcopewiththewaterusedoncotton
atthepeakoftheseason

Thereforeifpossibleplansshouldbemadetoelimi
natetheproblemsexpectedfromthecropsusingthe
greatestamountofwaterduringanyperiodoftimeHow
eversometimesitmaybeunreasonabletoaskthisifin



arotationsystemonlyonecropwillcauseanygreatprob
lemandthenonlyforashortperiod

Permanentpastureandcattleundoubtedlycausea
greaterproblemthananyotherintheCentralValley
Thisisinpartduetothefactthatpermanentpastureis
oftenputonsoilunsuitableformostothercropsduetoits
lackofpermeabilityhighwatertablesshallowhardpan
underlieetcAlltoooftenpermanentpastureisconsid
eredpermanentadinfinitumCattleoftenarenotre
movedduringirrigationorareallowedonthelandwhile
itisstillwetcompactingthesoilandcausingdepressions
whichholdwaterlongenoughformosquitobreedingto
takeplaceTheselatterpracticesalsoarehighlydetri
mentaltothegrowthofdesirablepastureplantsAlthough
thelowendsofsuchpasturescanbedrainedthereis
oftenlittlethatcanbedoneaboutthepotholesinthefield
excepttorelevelandreplantthepastureorrotateits
crops

Irrigationpracticesandproceduresareoftensubjectto
modificationwhichwilltendtodecreaseoreliminate
problemsExcessivelylongandwidechecksareoften
troublemakersFarmersmayfeelthatirrigationcanbe
accomplishedmorerapidlywithonehalftoonemile
checksbutitisextremelydifficulttocontrolthewater
oversuchadistance

Theavailablityofwaterandtheconditionofthewater
tableoftenareconsiderationsintalkingtoafarmer
Wherewatermustbepumpedfromaconsiderabledepth
itbecomesaveryvaluablecommodityandanythingdone
toreducewastageorreclaimthatwhichmayotherwise
bewastedismoneyinthepocketInthecaseofahigh
watertableitisalwaystothefarmersadvantagetoput
onaminimumofwatertopreventfurtherriseinthe
watertableToohighawatertablewillinterferewith
properrootdevelopmentofmanyplantsandalsowill
leachalkalitowardtherootzoneofthecrops

Localpracticesandprejudicesnomatterhowinvalid
arefactorswhichalwaysmustbetakenintoconsideration
Toattempttobuttheadlongintoawidelyestablished
practicemaydomoreharmthangoodItisgenerallyfar
bettertouseeducationandpersuasionthoughitmaytake
considerabletimeThefinancialsituationofthefarmer
involvedisalwaysaconsiderationindiscussingwhat
shouldbedoneandhowlongitmaytakeItisnotdiffi
culttoputupwithaproblemwhenadefiniteprogramof
progressiveimprovementisagreeduponLastbutnot
leastandperhapsthelesssaidthebetterthepersonality
ofboththefarmerandthemosquitoabatementpersonnel
havemuchtodowiththeaccomplishment

Inthefinalanalysisoftheproblemthefirstthingisto
attempttoputthewaterintherightplaceattheright
timeintherightmannerandintherightamountsIf
thiscouldalwaysbedonetherewouldbenoagricultural
mosquitoproblemHoweverthereisoftenmuchthatcan
bedoneoveraperiodoftimetoimprovethesituation
throughbetterlandmanagementandthroughmorepro
gressiveirrigationpracticeswithmorecarefulwaterhan
dling

Neverthelesstherewillbemanycaseswhereexcess
waterwillbepresenteitherthroughnecessityordueto
thefactthatirrigationisnotanexactscienceTheprob
lemremainsofhowtohandlethisexcessaseconomically
aspossibleandsothatitwillcauseaminimummosquito
problemInareasofwatershortagesorhighwatercost
itisonlylogicalwheredevelopmentofthelandisalready
completedtoattempttoreclaimthiswaterasameasure
foreconomyandwaterconservationInmanycasesthis
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canbeaccomplishedsimplybypickinguptheexcesswater
inaditchatthelowendofonefieldandcarryingitby
gravitytotheupperendofanotherfieldforuse

Inmanycasesespeciallywhenirrigatingwithpipelines
itisnecessarytodraintheexcesswatertoasumpand
pumpitbackintotheirrigationlinesAlthoughthistype
ofinstallationwillsometimesbeexpensivethebenefit
tothefarmerisunquestionableandthecostcanbewrit
tenoffthetaxesoveraperiodofyearsThisprocedure
alsoreclaimsthefertilizersandsoilamendmentswhich
oftenareappliedwiththeirrigationstream

Inmanycasesthecostandavailabilityofthewater
maybesuchthatthecostofareturnsystemdoesnotseem
justifiedAlsoeveninwatershortageareasonnewlyde
velopedlanditmaybefeltthatthetailwatercarriesdis
solvedmineralswhichwouldbedetrimentaltotheland
ifreturnedInthesecasesitmaybepossibletoconfinethe
excesswaterinseepageorevaporatingbasinseithercom
pletelyexcavatedorconstructedinanaturalsloughor
depressionIfyouareluckydrainagecanbemadetoa
flowingstreamortoapointwhereitcanbepumpedinto
anirrigationcanalorditchwithouttoogreatacost

Inareaswithahighwatertableitseemstomethat
returnsystemsmayattimesbeusefulinlesseningthetotal
amountofwaterappliedtoafieldWellstodrawwater
fromthehighwatertableandexpelitintodrainageworks
alsoareusefulandsometimesundergrounddrainagesys
temsmaybeneededtokeepthewatertablebelowthe
rootzoneofthecrops

Onceallhasbeendoneforthelandthatisreasonable
anddrainageworkshavebeeninstalledtheproblemis
stillnotsolvedPropermaintenancecannotbeoverem
phasizedFieldsonceleveledmustbekeptinshapeA
ditchandsumpsoheavilyovergrownastopreventthe
useofinsecticidesornaturalpredatorsmaypresenta
worsemosquitoproblemthanthewaterlyingattheend
ofafield

Agoodsourcereductionprogramandgoodagricultural
practicesshouldmustandwillgohandinhandprovid
ingthattheproblemsofboththefarmerandthemosquito
abatementdistrictarewellunderstoodandthatpatience
andgoodplanningareused

URBANANDINDUSTRIALASPECTSOF
MOSQUITOSOURCEREDUCTION

HFEICHANDLPMAPES

Ifamosquitoabatementagencyinalocalgovernment
istocontinuouslyaccomplishanysignificantreductionin
mosquitohabitatsinanyurbanareathefollowingpre
ceptsmustbefollowed

1ClosecooperationandsupportofallaffectedDe
partmentsofthelocalgovernmentStateand
Federalagencies

2Assignmentofresponsibilitytoprivateproperty
ownersformosquitocontrolontheirpremises
wheremunicipallegislationispossible

3Intensifiedpubliceducation
Urbanmosquitocontrolascontrastedtoruralcontrol

involvesamultitudeofdissimilarsourceswhichmaybe
impossibleofadequateregulationwereitnotfortheex
istenceoflargeresponsibilitiesbindinguponproperty
ownerstosatisfactorilycontrolbreedingontheirprop
ertysupplementedbyadequateinspectionservicesand
acontinuingpublicinformationprogramRainbarrels



servicestationtubeimmersiontanksbackyardfishponds
andlagoonsfromindustriesareexamplesofhabitats
whichcreateproblemsiftheownersarenotacquainted
withindicationsofbreedingandcontrolmeasuresSome
citiesmayhaveirrigationanddrainageproblemsines
sentiallyruralperipheralareasrequiringtheselandown
erstosystematicallycontroloreliminatebreeding

Anurbanprogramrequiresdependencyuponother
departmentsfortheactualimprovementsinsourcere
ductionImproveddesignofdrainagestructuresprevents
thecreationofhabitatswhichfromourexperiencewould
requiremanymanhoursfortreatmentThisphaseof
theprogramextendstostormchannelsdrainscatchba
sinsstreetsandditchesInvolvedthereforearetheCity
EngineerinsomecasestheCorpsofEngineersandthe
CountyfloodcontrolagencyThepropermaintenance
alterationandrepairofthesefacilitiescanrelieveamos
quitocontrolorganizationfromagreatamountofwork
Unimprovedstreetsarenotorioussourcesofmosquito
breedinginthecityofLosAngelesDepressionsflatpaved
streetsanddeterioratedpavingcangiverisetoadditional
problems
PREVENTIVEPROGRAMTHROUGHPROPERDESIGN

IntheCityofLosAngelesthereisanadvisorycommit
teetotheHealthDepartmentconsistingofdevelopers
andengineersengagedinsubdivisionworkThesemen
considerallpolicymattersaffectingthesanitationofsub
divisionswhichincludesthedisposalofsewageandmos
quitocontrolThroughthisgroupithasbeenpossibleby
illustratedtalksbythepreparationofcomprehensive
mapsandbyworkingincooperationwiththeCityEngi
neersofficeonsubdivisionmatterstoachievesatisfactory
drainagewhereverthesubdividercanreasonablyconduct
tractdrainagetoaproperreceivingpointThismaybe
realizedbyapavedshoulderorroadwayditchtocarry
surfacewaterstoanearbypavedstreetorinsomecases
bymeansofapavedditchdrainingthetractintoastorm
channelAllsubdivisionsinLosAngelesmustbedevel
opedcompletewithstreetpavingandcurbingandsurface
drainageproperlyconductedtoadedicatedstreetoffthe
tractInmanyinstanceshoweverthisdedicatedstreet
isnotpavedwiththeresultthatsourcesofbreedingwill
developifnopavedditchstormsewerorequivalentis
providedtocarrythiswatertoamoreacceptablepoint

TheCorpsofEngineersinaprojectwhichisnowunder
constructioninvolvingseveralmilesofpavingoftheLos
AngelesRiverdidbeforethejobwasactuallydesigned
requestrecommendationsoftheLosAngelesCityHealth
DepartmentInthisparticularinstanceitwaspointed
outthataneedexistedforasmallcentralchanneltocarry
dryweatherflowwhichiscontinuousandsizeablesince
awideflatbottomresultsinsiltaccumulationspockets
andweedgrowthsandsubsequentbreedingAlthoughthe
designofficedidnotoriginallyappeartobeinfavorof
thismorecostlytypeofconstructionthepavingthusfar
completeddoesincludethissmallcentralchannel

TheofficeoftheCityEngineerresponsibleforstorm
draindesignisfullyacquaintedwiththeLosAngelesCity
MosquitoControlstaffsdesiresinsofarasrapidandcom
pletedrainageofstructuresisconcernedanddoesfollow
adesignwhichincorporatesintoeachditchdrainbox
culvertorsimilarfacilityapitchtothecenterwhichhas
satisfactorilypreventedanyflatportionswhereponding
mayoccur

Fromexperienceithasbeenobservedthatapaved
shoulderwhetheritbeintheformofarolledasphalt
curbaVtypeasphaltcurbortheconventionalcon
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cretecurbmayprovideadequatecontrolagainstmos
quitobreedingwhichwouldordinarilyoccurinthesoil
adjacenttoapavedroadwayTheLosAngelesCityEn
gineersofficehasagreedtoprovidesuchpavinginall
instanceswherethecitydoestheworkonwideningor
repairofroadwaysandtheyrequiresimilarpavingon
subdivisionorotherdevelopmentswhichtheysupervise
Thishasnotonlyeliminatedmanyhabitatsbutalsohas
preventedmanyothersthatwouldhavebeenproduced
ifthistypeofpavinghadnotbeenrequired

THEELIMINATIONOFBREEDINGSOURCESFROM
EXISTINGFACILITIESANDPROPERTIES

TheStreetMaintenanceDivisionintheCityofLosAn
geleshascooperatedinafinemannerinthereductionof
theoverallproblemofdrainagecorrectiononunimproved
streetsTheirscrapersandotherpowerequipmenthave
keptthesidesoftheseunimprovedstreetsreasonably
clearofweedsandproperlydrainedwheneveritwaspos
sibletodosoInsomeinstancesadditionalsoilwas
broughtintofillupdepressionsorditcheswerecon
structedoverunusedbutdedicatedstreetswhichreceive

drainagefromadjoiningsubdivisionsInmanyinstances
howevernosolutionshortofactualpavingwilleliminate
thesourcesThistypeofproblemstillremainsoverap
proximatelyfortymilesofunimprovedstreetsinLosAn
gelesItwillcontinueandundoubtedlyincreaseinview
ofthepresentrateofsubdivisioninthearea

Relativelylargebodiesofwaterwhichmaycontinually
containwaterandwhichmayalsohaveconsiderable
weedgrowthmayeffectivelyandoveralongperiodof
timebecontrolledbystockingwithGambusiaaffinis
Thishasprovensuccessfulinlargedebrisbasinsreceiving
stormwatersinthevicinityofreservoirsandintheun
pavedportionsofstormdrainchannels

TheCorpsofEngineershasannuallybroughtbulldoz
ersandotherpowerequipmentintotheunpavedportions
oftheLosAngelesRivertoprovideasinglecentralchan
nelThishaseliminatedallsidepocketsandsmallbranch
channelswhichotherwisewouldprevailControlwork
alongtheriverisparticularlydifficultwhenthistypeof
maintenanceisnotcontinuallyprovidedsincethelarge
bouldersandexcessiveweedgrowthrequirethatcontrol
measuresbeaccomplishedbyhandsprayers

Catchbasinsinthepasthavebeensodesignedthat
waterwouldremaininthebottomTheserequireroutine
sprayingeitherbythecontrolagencyorbythestorm
drainmaintenanceorganizationStreetinletsorcatch
basinsnowareusuallydesignedsothatwaterisnolonger
maintainedinthebottom

Undergroundstreetvaultsofthepublicutilitieswhich
arenotproperlydrainedhaveproducedproblemsinAla
medaCountyHoweverDDTresidualsprayshavepro
videdsatisfactorycontrolalthoughasatisfactorydrain
isthepreferredsolution

Cemeteriesareevidentlyanationallyencountered
sourceofbreedingduetotheflowercontainersinstalled
ateachgraveA5percentaqueoussprayusingablower
hasbeenusedonthreeweekintervalsduringthesummer
forcontrolinAlamedaCountywhileinLosAngelescon
tainersarerequiredtobeperiodicallyinvertedAbetter
andmoreeconomicalsolutiontothisproblemistobe
desiredeitherthroughachangeindesignoroperation

Holesintreesareaproliflcsourceofthetreeholemos
quitoAedesvaripalpusTreesurgeryistherecommended
methodofcorrectionalthoughAlamedaCountyhas
foundfillingwitha17cementsandmixturetobeeffec



60

tiveWherethisoccursinparksthelocalparkdepart
mentscanremovethesourcebycorrectivemeasuresby
theirowncrews

INDUSTRIALPROBLEMS

Oneoftheprincipalsourcesfoundinprivatepremises
istheuncoveredorimproperlycoveredwatertanksThese
maybefoundinconjunctionwithalltypesofindustries
railroadsorinsomecasesresidentialbuildingsScreening
orothercoveringmaybeusedtopreventbreedingor
wherethewaterisnotusedfordomesticpurposesrou
tinesprayingeitherbytheownerorthecontrolagency
maybeutilized

Oneexampleofasimilarproblemmaybefoundat
nurseriesparticularlythosehandlingtropicalplants
wheretanksnecessaryfortheheatinganddistributionof
watersandforthepreparationoffertilizersareused

Anotherinstanceisinthepickleindustrywherethe
largevatsusedinthecuringofcucumbersmustbekept
filledwithwaterwhennotinusetopreventthedevelop
mentofleaksThishasbeenasizeablesourceinthepast
andthepropersolutionisstillunderstudyVariouspro
posalsincludingparaffinesealsmineraloilheavybrine
waterandeventheuseofGambusiaafinishavebeen
triedOlivepackingplantshavesimilarproblemswhich
canproduceexcessivebreeding

Liquidwastesfrombreweriesorangejuiceextraction
oranyindustryproducinglargequantitiesofwastecool
ingwaterswillalwayspresentseriousproblemsunless
suitablereceivingfacilitiesareavailabletocarrythese
wastestoapointofproperdisposalWherealegalre
quirementforselfcontrolisavailablesewerconnections
orpavedditchestoreceivingchannelscanprovidethe
solutionwhichwillrelievethemosquitoabatementagency
fromcostlyrepetitivetreatment

DWELLINGS

Atsinglefamilyresidencesperhapstheprincipal
sourcesofmosquitobreedingareprivatesewagedisposal
systemsfishpondsanddefectiveplumbingTheoldcess
poolisbyfarthemostimportantandthemosttrouble
someHillsidedevelopmentsinOaklandexperienceseep
ageproblemsfromseptictanksystemssometimescon
verginginstreetguttersOccasionallybrokenordefective
plumbingcreateaccumulationsofliquidunderbuildings
Herethecooperationoftheplumbinginspectiondepart
mentishelpfulEducationofthepubliccandomuchto
reducethevolumeofworkthatcandevelopparticularly
inareaswhicharetoagreatdegreedevelopedwithhomes
servedbyprivatesewagedisposalsystemsWithregard
tothefishpondsconsiderablesuccesshasbeenachieved
inLosAngelesbytheannualdistributionofGambusia
afinisfishforusebyindividualshavingfishpondsor
smalllakes

EditorsnoteFollowingasoundfilmonmosquitosource
reductionproceduresapresentationonEquipment
TypesandUseswasgivenbyTHOMASDMULHERN
BureauofVectorControlCaliforniaStateDepart
mentofPublicHealthBerkeleyandwasbasedupon
slidesshownatthesessionhencenopaperwassub
mittedforpublication

BUSINESSMEETINGOF

THECALIFORNIAMOSQUITOCONTROL
ASSOCIATIONINC

800PMTUESDAYJANUARY251955

STLOUISROOMHOTELSTATLER

PresidentGrantWillthemeetingpleasecometoorder
Wewanttostartofffirstbygettingalistoftherepresen
tativesofthecorporatemembersoftheCMCAwhoare
hereWillEdWashburnpleasereadoffthelist
Iveservedaspresidentforalittleoverayearandhave

beenveryhappyovermuchofthebusinesswhichhas
transpiredItcertainlyhasbeenabusyyearhavinghad
sevenCaliforniaMosquitoControlAssociationBoard
MeetingsWevehadarelativelysuccessfulyearasfar
asmosquitoabatementgoesIhopeithasntallbeendue
totheweatherMuchofthisyearhasbeenspentinestab
lishingaimsandpoliciesstandardizingproceduresetc
whichwehavebeenlookingtowardforthepastmany
yearsWehaveseenonenewdistrictformedthisyearthe
SanJoaquinMosquitoAbatementDistrictandwesee
noparticulardecreaseinmosquitoproblemsunfortu
natelyItallpointstomoregrowthinmosquitowork

WehavesufferedtheunfortunatelossoflosingHarold
Graythroughretirementoneofourmostactivemembers
ImsurewehaventlosthimentirelyGrayinaudience
Imnotlostyet Wehavetriedtohelpoutthecon

stitutionalfunctionofthisAssociationingettinginforma
tiontomembersandagenciesbytheFormsRecordsand
StatisticsCommittee

Wehavedevelopedmanyprogressiveconceptsmany
ofthemhaventmaterializedyetbutweareworkingon
thoseIhopeIllseetheircompletionsoonerorlater
Iamverymuchindebtedandverygratefulforthe

manycontributionsofallmembersoftheAssociation
ThecooperationIvehadduringthistermofofficehas
beengrandtoallthecommitteechairmenandtothe
Secretarywhohasbeenhardputtogetoutthenotices
minutesandsoforthandtothemembersoftheCon
ferenceCommitteewhohavebeendoingaverywonder
fuljobthathasmadeitsosuccessfulthusfartoallof
youIextentmythanks

Thenextpointofbusinesswillbethecommitteere
portsofStandingCommitteesFirstIdliketocallonEd
WashburnfortheTreasurersReport

REPORTOFTHESECRETARYTREASURER
DECEMBER11953 DECEMBER311954

AnnualConference
January23271955
HotelStatler

LosAngelesCalifornia

Gentlemen

HerewithissubmittedthereportoftheSecretary
TreasurerandtheFinancialReportofthisAssociation
fortheperiodDecember11953toDecember311954
inclusive

Itwillbenotedthatthisperiodisgreaterthanoneyear
Thereportalsoreflectscertainincomesandexpensesof
the21st22ndand23rdAnnualConferencesHereafter
thisreportfortheAnnualMeetingswillbemadefora
calendaryearofJanuary1toDecember31onlyandnot
foraconferenceyearunlessthisofficeisotherwisein
structedbytheBoardofDirectors



Afinancialstatementwascirculatedtothemembership
coveringthefirstsixmonthsofthecalendaryearjust
completedItisincorporatedinthisreport

Itwillbenotedthatexpendituresmadeduringthepe
riodreportedweremanyandoftenlargeIfthisiscon
tinuedatthesameratethetreasurywillsoonbedepleted

ItismyrecommendationthattheBoardofDirectors
carefullyweighandconsideranylargedemandsuponthe
treasurythiscomingyearIalsorecommendthatnoex
pensesbeincurredorpaidbythisBoardofDirectors
withoutauthorizationofthesame

IbelievethatitwouldbewelliftheAuditingCommit
teeactuallyauditsthebooksandrecordsastheyarekept
intheofficeoftheSecretaryTreasurerThiswouldbet
terinsurethattheyarebeingkeptinthemannerdesired
Italsowouldaffordanopportunityforchangesinbet
teringtherecords

Respectfullysubmitted
GEDWINWASHBURN

SecretaryTreasurer

FINANCIALSTATEMENT
CALIFORNIAMOSQUITOCONTROL

ASSOCIATIONINC
December11953December311954

IncomeandReceipts
BalanceonhandDecember11953

22ndConference
Income

Contractualdues 282500
Associatememberdues 13800

Sustainingmemberdues 47500

PublicationsalesProceedings 8000

Decalsales 1740

Registrationfees
22ndConference 12375

22ndConferenceincome

regboothetc 103807
IncomeTotal

TotalExpenses

TotalReceipts

Expenditures
Printing22ndProceedings850
Expresscharges22ndProceedings
Stenographicservice22ndProceedings
Programprinting22ndProceedings
ConferenceCosts22nd

HotelClaremontetc
Stationery
Postage
StateFairBooth

Recorderrepairandtapes
Associatemembercertificates

HermsAwardTwoyears
TravelDrAWABrown
TraveltoAMCA ofcosts

Telephone
MosquitoNews2pagead
Filecabinet5drawer
MargaretPrefontaineForservices
Rubberstamp
Refundononecopy21stProceedings
Conferenceadvance23rd
ErnestRGeddesConferenceexpenses

531596

469722

1001318

148750
930

20300
7777

128859
12355
13052
48533
6096
5526
9500

30215
40764
3365

10800

11656
10000

233
250

20000
7100

536061

61

Recap
Totalreceipts
Totalexpenditures

BalanceDecember311954

INVENTORYOFCMCAPROPERTY

DECEMBER311954
Gentlemen

ItwastherecommendationoftheAuditingCommittee
ofthe22ndAnnualMeetinganddulyacceptedbythe
membershipthataninventorybemadeofthesupplies
andequipmentbelongingtothisAssociationAccordingly
thiswasdoneontheabovedate

Theattachedinventoryofpropertyownedbythe
CMCAisalllocatedintheofficeoftheSecretaryTreas
urerattheTurlockMosquitoAbatementDistrictTur
lockCalifornia
Ihavepurposelynotgivenavaluetotheitemslisted

sincemanyofthemcosttheAssociationnothingand
havedoubtfulvaluetodayCertainitemsareinthena
tureofCapitalExpendituresandofcoursehavereal
value

Nolistinghasbeenmadebythisofficeofanyequip
mentorsupplieswhicharebeingusedintheOperational
InvestigationsprogramLegalopiniononrecordhas
statedthatlegallyallsuchequipmentetcisownedby
theAgencythroughwhichitwaspurchasedIntheinter
estsoffuturedevelopmentsitmaybewelltoexplorethe
possibilityofthisequipmentbeinggivenorsoldtothe
CMCAforanominalpriceItcannotbelegallyaccom
plishedexceptbyadoptionofaresolutionsostatingby
themosquitoabatementdistrictBoardofTrusteescon
cerned

Respectfully
SecretaryTreasurer
GEDWINWASHBURN

InventoryofCMCAProperty
115drawerfilecabinet

21Eicortaperecorder
310Plasticsoundrecordingtapes
414Papersoundrecordingtapes
5125footextensionjackforrecordermike
61Sectionalpostbinderaccountbook
713inchCMCAcut
821inchCMCAcuts

91RubberstampCMCAaddress
10900CMCADecals

112500Envelopes
12777ProfHermsLithographpictures
131StateFairPlaque
147716thProceedings
1521917thProceedings
163518thProceedings
1728019thProceedings
184120thProceedings
1925121stProceedings
2036522ndProceedings
MiscellaneousMaterials

StateFairboothcardsmapsdrawingsetc
OperationalManualpagesets

Compiledby
GEDWINWASHBURN

SecretaryTreasurer

1001318
536061

465257



MrGrantYouveheardthereportwhatareyour
wishesregardingit

MrGrayImoveweacceptthereportSecondedby
Sperbeckvotedacceptanceofreportbyoralvote

MrGrantDoyouwishtotakeanyactioninregard
totherecommendationsinthereport

MrGrayImovetheybereferredtotheExecutive
CommitteeforactionSecondedanddulypassed

MrMcFarlandInreferringtotherecommendation
ofbondingthetreasurerIbelievethatisanoversight
whichshouldnothappenHoweverthereisanotherper
sonwhoprobablyshouldbebondedthefinancechair
manoftheconferencecommitteeEachyearhehandles
largesumsofmoneyinthenameoftheAssociationusu
allysome3000to4000IbelievetheExecutiveCom
mitteeshouldincludebondingofthefinancechairman
inordertoprotecttheAssociationImovethisbedone
Secondedanddulypassed
MrGrantYouheardthereportontheinventory

whatarethewishesoftheBoardregardingthismaterial
Thisisnotacommitteereportbutanaddendumofthe
SecretaryTreasurersreport

MrWashburnImightmakearemarkinregardto
theinventoryIfyougiveatotalvaluetotheProceedings
thatwehaveonhandtheProceedingsarenowvalued
at250eachoratotalof326950Thetotalvalueof
equipmenttheAssociationownsincludingProceedings
is446878Thethoughthasoccurredtomethatshould
wehaveafireinourparticularofficeTurlockMosquito
AbatementDistrictthismaterialwouldbelostandit
isnotcoveredbyourDistrictinsuranceOfcourseall
recordsallproceedingsetcexceptwhatyouhavein
yourofficeswouldbedestroyedTheplaceisgivenabout
5minutesifafirehasagoodstart

MrGrantPossiblythepersonalitemsfilesetcwhich
youhaveshouldbeputonaninventoryThereisno
questionabouttheownershipthereoristherePerhaps
alistofthesecouldbesuppliedtoDonMurrayofthe
RecordsFormsandStatisticsCommitteewhilethe
othermaterialwhichisinanundecidedstatuswould
notnecessarilybeincludedintheYearbookatthepres
enttimeThevaluablepapersshouldbestoredinafire
proofplaceNoactiontakenIwouldliketogoonat
thispointtothereportsofthecommitteesIllcallon
RobertHPetersChairmanoftheEducationandPublic
RelationsCommittee

REPORTOFTHEEDUCATIONANDPUBLIC
RELATIONSCOMMITTEE

AsChairmanoftheEducationandPublicRelations
CommitteeIcanbrieflysumuptheactivitiesofthis
committeeasfollows

1Aneffortwasmadethroughcorrespondencetoar
rangeforacommercialfilmonmosquitoabatementac
tivitiesinCaliforniaUnfortunatelythehighcostand
variedopinionsonfilmcontentandscopeapparently
madethebasisforfurthernegotiationsomewhatunlikely

2AboothattheCaliforniaStateFairwasconstructed
byasubcommitteeheadedbyGeorgeUmbergerThis
effortwasfavorablyreceivedbythehugethrongwhich
attendstheStateFairannuallyandshouldbegivencon
siderationduringthe1955Fair

3Aneducationaltypeboothhasbeenconstructedfor
ourjointconferencethroughasubcommitteeheadedby
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EdgarSmithImsurethisboothisworthyofeveryones
attentionandshouldbevisitedbyallinattendance

ROBERTgPETERSChairman
EducationandPublic
RelationsCommittee

REPORTOFTHEMEMBERSHIPCOMMITTEE

TheCaliforniaMosquitoControlAssociationtodate
includesfortyseven47AssociateMembers26Sustain
ingorContributorsandoneHonoraryMembershipThe
CorporateMembershipwillbediscussedinthereportof
theSecretaryTreasurer

Thefollowingrecommendationsweresubmittedtothe
BoardofDirectorsonJuly71954andwereapproved
asofthatdate

1ThataRenewalDuesFormbedevelopedtofacili
tatethebillingofcurrentmembersintheAssociation

2ThatthemailingaddressontheAssociateApplica
tionformbechangedtocorrespondwiththeaddressof
theCommitteeChairman

Additionalrecommendationsareherewithpresented
forconsiderationbythesucceedingchairmanofthisCom
mittee

1ThattheSecretaryTreasurerbegivenalistingof
theAssociateMemberswiththeirmailingaddressesand
thattheSecretaryTreasurerbedirectedtomailtoeach
memberinformationdeemedtobeofgeneralinterestto
theentireMembership

2Thatastandardofprocedurebedevelopedforso
licitingmembershiptotheCaliforniaMosquitoControl
Association

HOWARDRGREENFIELDChairman
NORMANREHMANN
GORDONFSMITH
WILLIAMLRUSOONI
ERNESTELUSK

REPORTOFTHEWAYSANDMEANS
COMMITTEE

TheWaysandMeansCommitteepresentedaninterim
reporttotheBoardofDirectorsattheirmeetingofNo
vember51954inModestoCaliforniaInthisreportthe
followingrecommendationsweremade

1Thatitwouldbehighlydesirabletoestablishacen
tralizedpointoforiginfornewsreleasesofgeneralinter
estonmosquitoesandmosquitocontrolCopiesofsuch
releasesshouldbesenttolocalagenciesinadvanceof
releasedatetomakepossiblecontactwithlocalnews
papersforalocalangletothestoriesItwasfeltthatthis
wouldbealogicalserviceoftheBureauofVectorCon
trol

2Thatbettercoordinationbedevelopedinthedis
seminationofinformationtoallagenciesofcurrentoper
ationaltechniquesdevelopedinindividualdistrictsSince
informationconcerningsuccessfulpracticesinindividual
districtsissometimesslowinfilteringoutitwasfeltthat
somemethodshouldbedevisedtospeedupthisprocess
ItwasfurtherrecommendedthatBureauofVectorCon
trolpersonnelduringthenormalcourseoftheirduties
mightbeinthebestpositiontohelpinthismatter

3ItwasfurtherrecommendedthattheWaysand
MeansCommitteetogetherwiththeLegislativeCommit
teeshoulddevelopdefiniterecommendationsintheform
ofalegislativebillamendingtheHealthandSafetyCode



establishinganorganizationsimilartotheConferenceof
LocalHealthOfficers

SincethatmeetingtheBureauofVectorControlof
theStateHealthDepartmenthastakendefinitesteps
toaccomplishtherecommendationsoftheWaysand
MeansCommitteeinregardtoPointsNo1and2The
BoardofDirectorsoftheCaliforniaMosquitoControl
AssociationchargedtheWaysandMeansCommitteewith
theresponsibilityofworkingwiththeLegislativeCommit
teetodeveloppositiverecommendationsinregardtothe
formationofasomewhatdifferenttypeoforganization
oflocalmosquitocontolagenciesSuchorganization
shouldbeestablishedbystatutetoincludeallfulltime
mosquitoabatementagenciesandtoestablishanadvisory
relationshipwiththeStateDepartmentofPublicHealth
Thetwocommitteeshaveheldseveralmeetingsandhave
cometoagreementonsuchalegislativebillFullparticu
larsweremailedtoallmemberagenciesoftheCalifornia
MosquitoControlAssociationsonDecember291954

TheWaysandMeansCommitteerecommendsap
provalofthisproposalbytheCaliforniaMosquitoCon
trolAssociation

Respectfullysubmitted
WaysandMeansCommittee

EDGARASMITHChairman
JOHNOSTIVERS
JACKHKIMBALL
TEDAARONS
TEDRALEY
GORDONSMITH

REPORTOFTHECOMMITTEEONFORMS
RECORDSANDSTATISTICS

ThisCommitteeassembledfromthevariousmosquito
abatementagenciesanassortmentofinformationwhich
hasbeenusedforanumberofpurposes

Twomajorprojectsnecessitatingthatquestionnairesbe
senttoallmosquitoabatementagencieshavebeenorwill
becompletedThefirstinthespringof1954wasasalary
scheduleplusgeneralemployeeinformationThishelped
manydistrictsanalyzetheirprogramsincomparisonwith
theprogramsofotherdistrictsundoubtedlyresultingin
benefitstosomeemployeesSeveralrequestsforextracop
iesofthereportforpresentationtoindividualboard
memberswerereceived

Thesecondmajorprojectwasthedevelopmentofthe
CMCAYearbookWhiletheinformationintheemployee
salaryreportisavailabletothegeneralpubliconrequest
severalmanagersexpressedtheopinionthatcirculation
ofthatreportshouldberestrictedtomosquitoabatement
agenciesonlyTheYearbookontheotherhandsupplies
interestingandimportantinformationofabroadscope
forwidecirculationInasmuchastimedidnotpermit
assemblingofmaterialfortheYearbookatanearlierdate
itwasdecidedtoprintthereportassoonaspossibleafter
theLosAngelesConferencesothattheinformationwill
beuptodateforthelongestpossibletime

Threeprojectsofarelativelyminornaturealsowere
handledbythisCommittee
1Questionnaireonaerosolmachineuseforsub

missiontoDrAWABrownwhospentapart
ofthesummertestingaerosolmachinesofdiverse
typesintheMercedarea

2QuestionnairerequestingestimatesfromeachDis
trictoftheneededexpendituresfortrulysatisfac
torymosquitocontrolbothunderpresentcondi
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3

tionsandupto10yearsinthefutureforsubmis
siontotheCMCAandtheBureauofVectorCon

trolfortheiruseinanalyzingfuturesubvention
needs

Questionnaireontypesandamountsofspray
hosesusedbyvariousmosquitoabatementdis
trictsespeciallytoobtaininformationofpossible
assistancetotheKernMADwhichwashaving
considerabledifficultywithitssprayhose

WDMURRAYChairman
JACKHKIMBALL
THOMASDMULHERN

REPORTOFWILLIAMBHERMSAWARD

COMMITTEE1954

InaccordancewiththeactiontakenattheTwentySec
ondAnnualMeetingofthisAssociationFortyDollars
4000waspaidtotheMtDiabloCouncilBoyScouts
ofAmericainmemoryofProfessorWilliamBHermsto
assistneedyBoyScoutstoattendsummercamps

WiththismoneyScoutHarryShoreofTroop8was
helpedtoattendCampWolfboroforfiveweeks

TheScoutExecutiveMrVictorLindbladrequests
thatweextendtothisAssociationthethanksoftheMt
DiabloCouncilBoyScoutsofAmerica

TheCommitteerecommendsthatafurthersumof40
begrantedtotheMtDiabloCouncilBoyScoutsof
Americafor1955

TheChairmanofthisCommitteeherebytendershis
resignationashewillnotbearesidentoftheMtDiablo
CouncilAreaafterMarch311955

Verytrulyyours
RICHARDFPETERS

HAROLDFGRAYChairman

REPORTOFPUBLICATIONSCOMMITTEE1954

TheProceedingsandPapersoftheTwentySecond
AnnualConferenceoftheCaliforniaMosquitoControl
AssociationwhichmeetingwasheldatBerkeleyand
OaklandCaliforniaDecember23and41953were
dulypublishedinprintedformonMay261954andde
liveredtotheSecretaryTreasurerfordistributionThe
Proceedingscovered112printedpagesasomewhatlarger
issuethanusualEighthundredandfiftycopieswere
printedatacostof148750

TheseProceedingsnowhaveaworldwidedistribution
andareindemandbecauseofthequalityofthescientific
andpracticalworkreportedthereinTheycontribute
greatlytotheprestigeofthisAssociation

TheeditorialprobleminproducingtheProceedings
wasimprovedthisyearbyrequiringauthorsofpapersto
presentthemintriplicateandbyimprovingtranscription
oftherecordingtapesAfurtherimprovementofthese
transcriptionswillbetohavethemtypedtriplespaced
astolinesforgreaterconvenienceofeditorialcorrections
astogrammaretcandtypedintriplicatecopies

SincethisisthelasttimethatthepresentEditorwill
reportforthePublicationsCommitteeowningtohisre
tirementfromactiveservicehewishestoexpresshisap
preciationtothemanymembersofthePublicationsCom
mitteewhohaveassistedhiminthepastandespecially
totheSecretaryTreasurerandhisassistantswhohave
transcribedthetaperecordingsHissecretaryMargaret
APrefontainehasoverthepasttwentyfouryearsbeen



ofthegreatestassistanceinpreparingthemanuscriptsfor
theprinters

Boundvolumesoftheseveralconferencereportsfrom
1930to1950bothinclusiveareinthepossessionofthe
AlamedaCountyMosquitoAbatementDistrictThere
arefourvolumes193036193741194446and1948
50

ItisrecommendedthattheAssociationbindforrecord
theProceedingsofthe19th20th21st22ndand23rd
Conferences195155andthereafterbindthemin
fiveyeargroups

UponthepresentationofthisreporttheEditorhereby
tendershisresignationasEditoroftheProceedingsand
extendshisbestwishestohissuccessor

Respectfullysubmitted
HAROLDFGRAYChairman
JOHNRWALKER
GEDWINWASHBURN
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REPORTOFTHEWATERRESOURCES
COMMITTEECMCA

TheWaterResourcesCommitteelosttwoofitsprin
cipalmembersearlyintheyearwhenChairmanLloyd
EMyersJrleftCaliforniatojointheUSAgricultural
ResearchServicestaffandWilliamEWarnerleftto
takeavectorcontrolpositioninFloridaThereafterthe
committeewasdormantuntilJanuary3whenPresident
CDonaldGrantrequestedthatIreviewwiththere
mainingmembersofthecommitteetheactivitieswhich
hadtakenplaceandcompileareport

AmeetingwasarrangedonJanuary4attheofficeof
theKernMosquitoAbatementDistrictandwasattended
byRichardDeWittJohnStiverswhohadbeenaskedto
attendsbecauseofhisfamiliaritywithandinterestinthe
planswhichMrMyershadbeenunabletocarryout
andthewriterHowardGreenfieldwasunabletoattend
becauseofillness

Apositiveaccomplishmentwhichcanbereportedis
thecompletionbytheoriginalcommitteechairmanof
theGlossaryofTermsUsedinIrrigationPracticeA
copyofthemanuscriptissubmittedherewithwiththe
recommendationthatitbepublishedbytheAssociation
undertheauthorshipofLloydEMyersjrIrrigation

WaterandChairmanofthe195455 aterResources

CommitteeCMCAwithadditionaltitlesshowntorep
resenthisconnectionwithtwoFederalagencies

Asecondpositiveaccomplishmentwasthesecuringof
copiesoftheprocessedmaterialentitledGeneralCom
parisonofCaliforniaWaterDistrictActsandthedis
tributionofthesetoallmosquitoabatementagenciesin
theStateThispublicationoutlinestheresponsibilitiesand
authoritiesgrantedthewateragenciesbythelegislature
therebyindicatingtheareasofconcernwhereintheymay
beabletocooperateeffectivelywithmosquitoabatement
agencies

MeanwhileChairmanoftheCommitteeMrMyers
hasnegotiatedanarrangementforthepublicationofan
articleintheUSSoilConservationServicemagazine
whichwillpresentthewaysinwhichthatagencymayaid
inmosquitocontrolThisarticlenowisinthecourseof
preparationandshouldappearinduecourseoftime

Abeginninghasbeenmadeonthecollectionofcopies
oftheprintedrulesandregulationsadoptedbyvarious
irrigationdistrictsItisrecommendedthattheincoming
committeeseektheaidofthevariouslocalmosquito
abatementagenciesincompletingthiscollectioninsofar

asmaybepossibleandthatsubsequentlytherebecom
piledanddistributedasummaryofthedatacontained
therein

WithrespecttotheListofAgenciesCooperatingin
MosquitoAbatementissuedNovember101954bya
formercommitteeitisrecommendedthatthecommittee
determineandrecordtheresponsibilitiesandorinter
estsoftheseagenciesinthedevelopmentstoragetrans
portationanduseofirrigationwatersubsequentlysum
marizinganddistributingthedatatoallconcerned

TheCommitteefurtherrecommendsfortheconsidera
tionoftheincomingcommitteethefollowing

1Thatmeetingsbescheduledatleastonceeverythree
monthsatwhichtimethecommitteecouldreviewwith
representativesoftheBureauofVectorControlinforma
tionbeingreceivedcurrentlybythatagencyincluding
suchitemsastheUSBureauofReclamationMonthly
ProgressReportofProjectPlaningActivitiesandAd
vanceConstructionBulletinandtheCaliforniaState
DepartmentofPublicWorksmonthlylistingsofAppli
cationsFiledforPermitstoAppropriateWaterThese
documentsandotherinformationavailablecouldbein
terpretedandappropriatenoticeofimportantdevelop
mentscirculatedtothevariousmosquitocontrolagen
cieslikelytobeaffectedthereby

2ThattheCommitteeattempttofollowtheproposal
toformanewStateDepartmentofWaterdesigned
tocorrelateallwaterinterestsandtostudythepotential
effectofsuchactionuponthemosquitoabatementagen
ciesandtheirrespectiveprogramsofmosquitocontrol

3Thattherebereviewedthestatusofwaterdevelop
mentprojectslistedinthedocumententitledCalifornia
CentralValleyBasinWaterResourcesDevelopments
ProjectStatusMay1952andthattherebeprepared
anuptodatereportwhichwilladviseallmosquitoabate
mentagenciesofthepresentstatusoftheseprojects

4Thatthepresentproposalsforthedevelopment
knowncommonlyastheFeatherRiverProjectbestud
iedtodetermineinsofaraspossibletheareasandmos
quitocontrolagencieswhichwillbeaffectedbythisde
velopmentandthemannerinwhichtheeffectsmaybe
expectedtooccur

Respectfullysubmitted
THOMASDMULHERN

InterimChairman
RICHARDDEWITT

JOHNSTIVERS
HOWARDGREENFIELD

LLOYDEMYERSJR
ExChairman

GLOSSARYOFTERMSUSEDINIRRIGATION
PRATICEI

LLOYDEMYERSJR
IrrigationEngineer

INTRODUCTION

Irrigationhasbeenpracticedbymankindforover5000
yearsInthecourseofthattimethepeoplepracticing
andstudyingirrigationhavedevelopedspecializedterms
lFromtheSoilandWaterConservationResearchBranchAgri

culturalResearchServiceDepartmentofAgricultureandthe
CommunicableDiseaseCenterPublicHealthServiceDepart
mentofHealthEducationandWelfare



todescribeparticularstructurespracticesandphenom
enaThesespecializedtermsarenotselfexplanatoryand
makethereadingofirrigationliteraturedifficultforinter
estedpersonswhoarenotfamiliarwiththeterms

Recentemphasisontherelationshipofirrigationto
publichealthhasmadeitnecessaryformanypublic
healthpersonneltofamiliarizethemselveswithirrigation
practicesandproblemslargelythroughstudyingthelit
eratureItwasprimarilytoassistthesepeopleinreading
andunderstandingirrigationliteraturethatthefollowing
glossarywasdeveloped

Readersofthisglossaryshouldrememberthatsome
ofthesubjectscoveredarehighlytechnicalandcomplete
explanationsincludingallramificationsinvolvedarebe
yondthescopeofthispublicationItisbelievedhow
everthatsufficientdetailhasbeensetdowntoconvey
areasonableunderstandingoftheterms

ACREFOOTQuantityofwaterthatwouldcover1acre
1footdeepAnacrefootisavolumemeasurement
andisequivalentto43560cubicfeet

ACREINCHQuantityofwaterthatwouldcover1
acre1inchdeepequivalentto3630cubicfeet

ADOBEAtermwhichoriginallyreferredtosundried
bricksmadefromfinesandyloamtoclayloamsoils
Morerecentlythetermhasbeenusedtodescribea
structuralconditionofsoilsusuallyofhighclay
tentwhichcrackintoroughlycubicalblockswhen
driedThetermislooselyandoftenincorrectlyused
todescribeanyclaysoil

ABSORBToholdbyabsorptionAbsorptionisthead
herenceofmoleculesorionsofdissolvedsubstances
oroffluidstothesurfaceofasolidbodyorparticle

ALKALISOILAsoilthatcontainssufficientexchange
ablesodiumtointerferewithwaterpenetrationand
cropgrowtheitherwithorwithoutappreciable
quantitiesofsolublesaltsSeeSalineAlkaliandNon
salineAlkaliSoil

ANIONManyinorganiccompoundsdissociateinwater
intopositiveelementsorgroupsofelementsand
anequalnumberofnegativeelementsorgroupsof
elementsTheseelementscarryunitsofpositiveor
ofnegativeelectricityandarecalledionsTheposi
tiveelementsarecalledcationsandthenegativeele
mentsarecalledanionsForexamplecalciumsul
fateCaSOinwaterdissociatesintocalciumca
tionsCaandsulfateanionsSO4
p66

AQUIFERAnundergroundformationorstructure
throughwhichwatercanmovewithcomparative
ease

ARIDCLIMATEAclimatethatischaracterizedby
lowrainfallandhighrateofevaporationAregion

65

SpoilBank

isusuallyconsideredasaridwherelessthan10inches
ofprecipitationoccursperyear

BASINIRRIGATIONTheapplicationofwatertothe
soilinbasinsformedbyridgesofsoilwhichconfine
thewatertotheareaitisdesignedtomoistenCom
monlyusedinorchardstoirrigatetreesSeesketch
p66

BERM 1Thespaceleftbetweentheupperedgeof
acutandthetoeofanembankment2Ahorizon
talstriporshelfbuiltintoanembankmenttobreak
thecontinuityofanotherwiselongslopeSeesketch
below

BLACKALKALISeeAlkaliSoilandNonsalineAlkali
SoilSoilshavingtheundesirablepropertiesofanal
kalisoilmayormaynothaveablackcolordepend
inguponthequantityoforganicmatterthatispres
ent

BORDERAnearthridgebuilttoguidewaterdowna
slopeortoholdirrigationwaterwithinprescribed
limitsinafieldasmalllevee

BORDERDITCHAditchontheedgeorborderofa
plotorchecktobeirrigatedSometimesusedina
combinationoffieldditchandborderstripirrigation
wherethefieldditchesformthebordersofthebor
derstripsSeesketchp66

BORDERSTRIPIRRIGATIONTheapplicationof
watertostripsoflandborderedbyleveeswhichare
usually12to100feetapartThesoilshouldbelevel
acrossthestripsbetweenleveeswithagentleslope
downthelengthofthestripsothatthewatercan
movedownthestripinauniformstripSeeStrip
Checkinsketchp66

BOUNDWATERSeeHygroscopicMoisture
CALICHEAhardpantypeofsoilcementedwithcal

ciumcarbonateorofmixedcalciumandmagnesium
carbonatescharacteristicofsoilsofwarmorhot
desertandsemiaridregions

CANAL Anopenchannelfortheconveyanceofwater
distinguishedfromaditchorlateralbyitslarger
sizeusuallyexcavatedinnaturalground

CAPILLARYWATERWaterheldabovethewater
tableinsoilbycapillaryforce

CATIONSeeAnion

CHECK1Astructuredesignedtoraiseorcontrolthe
watersurfaceinacanalorditch2Inirrigation
terminologyanareaoflandenclosedorbordered
byleveestocontroltheirrigationwater

CHECKIRRIGATIONAmodificationoftheborder
stripmethodofirrigationinwhichsmallearthridges
orchecksareconstructedatintervalsacrossabor

derstriptopondwateronthesoilsurfacebehind
eachcheckasthewaterflowsdownthestrip

Crosssectionofcanalshowingbermsandspoilbanks



FarmersTurnout
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IRRIGATIONMETHODS
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CLAYSoilparticleslessthan0002mmindiameter
USDAclassification

CLAYPANAsubsoillayerofhighclaycontenthard
whendryandplasticwhenwetWatermovement
androotgrowtharegenerallyimpairedbysucha
layer

COLLOIDSExtremelyfineparticlesofamaterialClay
colloidshavegreatinfluenceonthechemicalandphys

icalpropertiesofsoilTheycarryanegativecharge
andarecapableofattractingcationsThelaboratory
forchemicalandphysicalinvestigationsofsoils
USDAdefinesclaycolloidsasthoseclayparticles
smallerthan0001mmindiameter

CONDUITAgeneraltermforanychannelintended
fortheconveyanceofwaterwhetheropenorclosed

CONSUMPTIVEUSEThequantityofwatertrans
piredbyplantsplusthatevaporatedfromthesoil
surfaceorsnowinagivenareainagiventime
Doesnotincludedeeppercolationlossesorsurface
runofflosses

CONTINUOUSFLOWIRRIGATIONAsystemby
whicheachirrigatorreceiveshisallotedquantityof
wateratacontinuousrateUsuallyinefficienton
smallfarmswheretheflowofwaterissmall

CONTOURCHECKSAreasofafieldseparatedby
borderswhichfollowthecontours

CONVEYANCELOSSLossofwaterfromachannel
orpipewhichoccursduringthepassageofwater
fromthesupplysourcetothepointofuseConvey
ancelossesincludelossesduetoseepageevapora
tionandtranspirationbyplantsgrowinginornear
acanal

CORRUGATIONS Smallditchesusuallyclosely
spacedusedtoirrigateclosegrowingcropssuchas
grainalfalfaandpasture

CUBICFEETPERSECONDSometimescalledsec
ondfootCommonlyabbreviatedcfsThenum
berofcubicfeetofwaterpassingeachsecondagiven
locationinaconduitorstructureOnecfsequals
4488gallonsperminutegpmOnecfsflowing
for1hourequalsapproximately1acreinchOnecfs
flowingfor1dayequalsapproximately2acrefeet

DAYLIGHT Atermusedtoindicatetheprocessof
constructingaditchwithlessslopethattheslopeof
thegroundsurfacesothatatthelowerendthebot
tomoftheditchdaylightsorcoincideswiththe
groundsurfacesothatwaterflowingintheditchcan
flowoutoverthesurfaceoftheground

DEEPPERCOLATIONLOSSExcessirrigationwater
whichpercolatestoadepthbelowtherootzoneand
cannotbeusedbytheplants

DELIVERYBOXAstructureforthecontrolofwater

deliveredtoafarmunitMeasuringdevicesareoften
included

DEMANDSYSTEMOFIRRIGATIONAsystemof
irrigationwherebyeachfarmercanobtainirrigation
waterintheamountandatthetimeherequestsor
demandsitMostirrigationdistrictsarepermitted
24to48hoursleewayinthetimethatthewateris
deliveredThissystempermitshigherfarmsteadirri
gationefficiencythanrotationorcontinuous
flowsystemsbutrequireslargersupplycanalsand
betterorganizationonthepartofthesupplying
agencythandothelattertwosystemsGoodadmin
istrationofthedemandsystemisverydifficultunless
storagecapacityisavailableclosetotheareaofwater

useOtherwisethereistoogreatatimeintervalbe
tweenthetimethewaterisreleasedfromthereser
voirandthetimethewaterreachestheuserwhohas
orderedit

DIKEAnembankmenttoconfineorcontrolwater
especiallyonebuiltalongthebanksofriverstopre
ventoverflowoflowlandsalevee

DISTRIBUTIONSYSTEM 1Thesystemofditches
andtheirappurtenanceswhichconveysirrigation
waterfromthemaincanaltothefarmunits2Any
systemwhichdistributeswatertousers

DITCHAnartificialchannelusuallydistinguished
fromacanalbyitssmallersize

DIVERSIONDAMAbarrierbuiltinastreamforthe
purposeofdivertingpartorallofthewaterfromthe
streamintoadifferentchannelorcanal

DIVISIONBOXAstructurebuiltintoacanalor
streamfordividingthewaterintopredetermined
partsanddivertingitintoothercanalsorditches

DRAINAchannelorpipelineforcarryingoffsurplus
groundorsurfacewater

DRAINTILEPipemadeofburnedclayconcreteetc
usuallyinshortlengthsusedforconstructingdrains
SeeTileDrain

DRAINAGE 1Theprocessofremovingsurplus
groundorsurfacewaterbyartificialmeans2The
mannerinwhichthewatersofanareaareremoved

DRAINAGEBASINTheareafromwhichwateriscar
riedoffbyadrainagesystemawatershedorcatch
mentarea

DROPSTRUCTUREAstructurefordroppingthe
waterinachanneltoalowerlevelanddissipating
itssurplusenergyAdropmaybeverticalorinclined
thelatteriscalledachute

DUTYOFWATERSeeIrrigationRequirement
EFFICIENCYOFIRRIGATIONThefractionofwa

terfurnishedforirrigationthatisconsumedbythe
cropexpressedaspercentSeeConsumptiveUse
Canbeappliedtoindividualfieldsindividualfarms
ortoentireirrigationsystemsTheefficiencyofanir
rigationsystemtakesaccountofconveyancelosses

EQUIVALENTWEIGHTTheweightingramsofan
ionorcompoundthatcombineswithorreplacesone
gramofhydrogenTheatomicorformulaweightdi
videdbyitsvalence

EXCHANGECOMPLEXThesurfaceactiveconstitu
entsofsoilsbothorganicandinorganicwhichare
capableofcationexchange

EXCHANGEABLECATIONAcationthatisabsorbed
ontheexchangecomplexandiscapableofexchange
withothercations

EXCHANGEABLESODIUMPERCENTAGEThe
degreeofsaturationofthesoilexchangecomplex
withsodiumexpressedaspercentTheexchangeable
sodiuminmilliequivalentsper100gramsofsoil
dividedbythetotalcationexchangecapacityinmil
liequivalentsper100gramsofsoilmultipliedby
100

FARMDUTYTheseasonalquantityofwaterdeliv
eredtoafarmunit

FIELDCAPACITYTheamountofwaterretainedin
awelldrainedsoilagainsttheforcesofgravityatany
specifictimeusuallyabout2to3daysafterthor
oughwetting

FIELDDITCHAditchconstructedwithinthefieldto
beirrigatedusuallyonacontourorslightgradeSee
sketchp66



FLASHBOARDAplankorslabgenerallyheldhori
zontallyinverticalslotsonthecrestofadamor
checkstructureorinaspillwaytocontroltheup
streamwaterlevel

FLOWThemovementofwatercommonlyusedto
meanthequantityofwatermovingthroughachan
nelorstructureinagivenperiodoftimesome
timesusedtomeantherateofflow

FLUMEAnopenconduitofwoodconcretemetaletc
usuallysupportedonapreparedearthgradetrestle
orbridgeAlargeflumeisalsotermedanaqueduct

FREEBOARDThedistanceleftbetweenthenormal
operatingwatersurfaceandthetopofthesidesin
anopenchannelthecrestofadametctoprevent
thewaterovertoppingthestructureasaresultof
waveactionfloatingdebrisoranyconditionor
emergency

FURROWAsmallditchconstructedtoguidetheflow
ofwateracrossthelandbeingirrigatedThewater
soaksintothesoilfromthefurrowUsedtoirrigate
rowcrops

GATEDPIPEPortablepipeconstructedwithanum
berofsmallgatesalongonesidesothatwatermay
berunfromthepipeintocorrugationsorfurrows

GRAVITYWATER1Waterthatmovesthroughthe
soilundertheinfluenceofgravity2Asupplyof
waterwhichflowsintothedistributionsystemunder
theforceofgravityasdistinguishedfromapumped
supply

GROUNDWATERWaterinsoilbelowthegroundsur
faceusuallyunderconditionswherethepressurein
thewaterisgreaterthanatmosphericpressureand
thesoilvoidsaresubstantiallyfilledwiththewater

HARDPANHardenedorcementedsoilhorizonClay
panmayormaynotbehardpan

HEAD1Theheightofwateraboveanypointorplane
ofreference2Sumoftheenergywhichabodyof
waterpossessesbyvirtueofitsvelocitypressureand
positionexpressedasheighttowhichthewater
wouldriseaboveagivendatumifalltheenergywere
convertedtopotentialpositionenergy3Rate
offlowusedinirrigationSeeIrrigatingHead

HEADDITCHDitchrunacrossuppersideoffieldused
fordistributingwatertofurrowsorchecks

HEADGATEGatestructureatupperendofaditch
tocontroltheflowofwaterintotheditch

HORIZONInsoilterminologyalayerofsoilwhich
differsfromthematerialsoilrockwaterorair
aboveandbelowit

HYGROSCOPICMOISTUREorWATERSoilmois
tureabsorbedbysoilparticlesthatcanbedrivenout
ofthesoilonlybyheatNotavailabletoplants

INFILTRATIONTheprocessofwatersoakingor
movingintothesoilthroughthesoilsurfaceNotthe
sameaspercolation

INVERTThefloorbottomorlowestpartofthein
ternalcrosssectionofalinedchannelorpipe

INVERTEDSIPHONApipelinecrossingoverade
pressionorunderacanalroadetcThetermiscom
monbutnotcorrectsincenosiphoningactionoccurs

IRRIGABLEAREATheareaunderanirrigationsys
temcapableofbeingirrigatedprincipallyasregards
qualityandlocationoflandItmayincluderoads
farmlotsbuildingsitesandmiscellaneousareasnot
actuallyirrigated

IRRIGATINGHEAD1Theflowquantityofwa
terflowingperunitoftimeusedforirrigationof
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aparticulartractofland2Theflowofwaterdis
tributedatasingleirrigationortheflowinasingle
farmlateral3Theflowrotatedamongagroup
ofirrigators

IRRIGATIONArtificialapplicationofwatertosoilfor
thepurposeofsupplyingmoistureessentialtoplant
growth

IRRIGATIONREQUIREMENTTherelationbe
tweentheareaoflandservedandthequantityofir
rigationwaterusedperunitoftimeItmaybeex
pressedastheareairrigatedwithagivenflowfora
givenperiodoftimerateofflowperacreforapar
ticulartimeortheamountofwaterappliedinacre
feetoracreinchesperacreeachyearItisameas
ureoftheuseofwaterandmaybedistinguishedas
headgateorgrossdutylateraldutyfarmdutynet
dutyorcropdutyfordifferentcrops

LATERAL 1Achannelorpipelinedivertingwater
fromamainchannelorpipelinefordeliverytofarm
ditches2Asecondaryditch

LEACHINGTheprocessofremovingsolublematerial
fromsoilbythepassageofwaterthroughthesoil

LENGTHOFRUN1Thedistancewatermustrun
infurrowsoroverthesurfaceofafieldfromonehead
ditchtoanotherortotheendofthefield2The
periodoftimethatoneirrigatorisallowedtheirri
gatingheadinthesystemofrotationdeliveries

LEVEEAnembankmentofearthconstructedtodivert

orconfinetheflowofwaterUsuallyappliedtolarge
embankmentsbutmaybeusedtodescribesmall
ridgesorborders

LOAM Soilmaterialcontaining727percentclay28
50percentsiltandlessthan52percentsand

MAINCANAL Themaincanalwhichconveyswater
supplyfromthesourcetotheirrigatedarea

MILLIEQUIVALENT Equivalentweight1000
MINERSINCHArateofflowThedischargefrom

anorifice1inchsquareunderadefiniteheadThe
valueofaminersinchhasbeenfixedbystatuteor
practiceinvariousstatesbutvariesamongdifferent
statesInColorado384minersinchesequal1cfs
InArizonanorthernCaliforniaMontanaNevada
andOregon40minersinchesequal1cfsInsouth
ernCaliforniaIdahoKansasNewMexicoNorth
DakotaSouthDakotaNebraskaandUtah50min
ersinchesequal1cfs

MOISTUREEQUIVALENTAnarbitrarymoisture
valueusedasanestimateforthefieldcapacityof
soilsItistheweightofwaterremaininginasoil
sampleexpressedaspercentageofthedryweight
ofsoilafterthesoilhasbeensaturatedandsub
jectedfor30minutestoacentrifugalforce1000
timesgravity

NONSALINEALKALISOILAsoilwhichdoesnot
containappreciablequantitiesofsolublesaltsbut
whichcontainssufficientexchangeablesodiumtoin
terferewithwaterpenetrationandthegrowthof
mostcropplants

OUTFALLThepointwherewaterflowsfromachan
nelorpipelinethemouthofdrainsandsewers

PERCOLATIONMovementofwaterthroughsmall
passagesinabodyofmaterialasthroughthepores
andcavitiesofsoil

PERMANENTWILTINGPERCENTAGEThemois
turecontentbelowwhichplantscannotreadilyob
tainwaterItisthesoilmoistureconditionatwhich
plantswiltanddonotrecoverunlesswaterisapplied



69

tothesoilGenerallyexpressedasthepercentageof
soilmoisturebasedonthedryweightofthesoil

PERMEABILITYThespecificpropertyofaporusme
diumsuchassoilwhichisameasureofthereadi
nesswithwhichthemediumtransmitsfluidunder
standardconditionsPermeabilityisusuallyexpressed
asavelocityandforagriculturalpurposescanbe
convenientlyexpressedininchesperhour

PLOWSOLEAzoneofcompactedsoilbeginningat
thedepthofcultivationcreatedbycultivationtools
orpassageofheavyequipmentCommonlycreated
throughcompactionbysoleofplowactingatthe
samedepthforaperiodofyears

POROSITYThefractionofthesoilvolumenotoccu
piedbysoilparticlestheratioofthevolumeofpores
tothetotalvolumeofthesoil

PRECIPITATIONRainfallandsnowfallusuallyex
pressedasinchesofwater

REACHAcomparativelyshortlengthofastreamor
channel

RETURNFLOW Thatportionofthewaterdiverted
fromastreamforirrigationwhichfindsitswayback
tothestreamchanneleitherassurfaceorunder
groundflow

RIPARIANPertainingtothebanksofabodyofwater
ariparianownerisonewhoownsthebanksaripa
rianwaterrightistherighttouseandcontrolwater
byvirtueofownershipofthebankorbanks

ROOTZONEThatpartofthesoilinvadedbyplant
roots

ROTATIONIRRIGATIONSYSTEMAsystemofir
rigationthroughwhichanumberofirrigatorsrotate
theuseofthewatereachtakingalloraportionof
theentireflowinturnforalimitedperiodoftime
Undersomeofthelargercanalsthetotalflowisdi
videdintoheadswhicharerotatedamongthe
users

RUNOFF 1Theportionofprecipitationwhichap
pearsasflowinstreamsItmayreachthestream
throughsurfacefloworthroughgroundwaterflow
2Theportionofappliedirrigationwaterwhich
doesnotsoakintothesoilandrunsoffaswastewater

SALINESOILAnonalkalisoilcontainingsolublesalts
insuchquantitiesthattheyinterferewiththegrowth
ofmostcropplants

SALINEALKALISOILAsoilcontainingsufficient
exchangeablesodiumtointerferewiththegrowthof
mostcropplantsandcontainingappreciablequanti
tiesofsolublesalts

SANDSoilparticlesrangingfrom005to20mmindi
ameterUSDAclassification

SECONDFOOTOnecubicfootpersecond
SEEPAGETheslowmovementofwaterintothrough

orfromsoilSeepageintoabodyisreferredtoasin
fluentseepagethatawayfromabodyaseffluent
seepage

SEMIARIDAtermappliedtoacountryorclimate
withprecipitationrangingfromabout10to20inches
peryear

SILTSoilparticlesrangingfrom0002to005mmin
diameterUSDAclassification

SIPHONAtubeorpipeusuallybentintheshapeof
aninvertedUbywhichwatercanbetransferred
fromanupperleveloveranobstructiontoalower
levelAtmosphericpressureforcesthewaterupthe
shorterorupperlegofthesiphonwhiletheexcess
weightofthewaterinthelongerorlowerlegcauses

flowSmallsiphonsarecommonlyusedtodivertwa
terfromditchestofurrowsorchecksTheiruseelimi
natestheneedforcuttingtheditchbankswhichis
oftenadistinctadvantage

SLICKSPOTS Smallareasinafieldthataresomewhat
slickwhenwetusuallyduetoalkaliorhighex
changeablesodium

SODIUMPERCENTAGEThepercentageoftotalca
tionsinwaterorthesoilsolutionthatissodiumCal
culationsareusuallyonanequivalentratherthan
weightbasis

SOILFinelydividedmaterialcomposedofdisintegrat
edrockmixedwithorganicmattertheloosesurface
materialinwhichplantsgrow

SOILPROFILEAverticalcrosssectionofthesoilho
rizons

SOILSTRUCTURESoilstructureisdeterminedbythe
arrangementandcoherenceofthesoilparticlesie
dispersedgranularcloddycrackedintoprismatic
columnsetc

SOILTEXTURESoiltextureisdeterminedbythepro
portionsandgradationsofthethreesizesofsoil
grainsiesandsiltandclappresentinthesoil

SPECIFICYIELDTheratioofvolumeorweightof
waterasoilwillyieldtotheforceofgravityafter
beingsaturatedtoitsownvolumeorweight

SPILEAtubemadeoflathpipeorrubberhose
placedinditchbankstotransferwaterthroughthe
banksfromtheditchtothefield

SPOILBANKDuringtheconstructionofaditchor
canaltheexcavatedmaterialorspoilisusually
piledononeorbothsidesoftheexcavationThere
sultingembankmentsarecalledspoilbanksSee
sketchunderBerm

SPRINKLERIRRIGATIONAmethodofirrigation
inwhichthewaterissprayedorsprinkledoverthe
surfaceofthegroundIdeallythewaterisapplied
attherateatwhichitwillsoakintothesoilsothat
nostandingwaterremainsThismethodisparticu
larlyadvantageousonunevengroundwhereleveling
isimpossibleorveryexpensiveoronsandysoils
whereotherirrigationmethodsresultinexcessive
deeppercolationlosses

STAFFGAGEAlinearscalelocatedonastaffplank
pierwalletcextendingintothewaterbywhich
theelevationofthewatersurfacemayberead

STANDPIPEAverticalopenendedpipeortankcon
nectedtoapipelinetoreleaseairfromthesystem
andtopreventthedevelopmentofexcessivepressure
bysurgeswithinthesystem

STRIPCHECKSeeBorderStrip
STRUCTURESeeSoilStructure

SUBIRRIGATION1Wateringplantsbyapplying
thewaterbelowthegroundsurface2Irrigation
byraisingandloweringthewatertablewithinor
neartherootzoneoftenundercontrol

SUBSOILThemateriallyingbelowthesurfacesoil
generallydevoidofhumusororganicmatter

SUBSOILINGTillageoperationsprimarilyconcerned
withbreakingupthesoilbelowplowdepth

TAILWATER 1Thewaterinariverorchannel
immediatelydownstreamfromastructure2The
excessirrigationwaterwhichreachesthelowerend
ofafield

TEXTURE SeeSoilTexture



TILEDRAINAdrainconstructedbylayingdraintile
withunsealedjointsinthebottomofatrenchwhich
isrefilledafterthetileislaidTiledrainsarein
stalledtoremoveexcesswaterfromthesoil

TURNOUTAstructureusedtodivertwaterfroma
canaltoafarmerslateral

UNITHEADTheamountofwaterturnedintoeach
furroworbordercheckduringirrigation

WASTEWAYAchannelwhichconveysordischarges
excessorwastewaterfromacanalorriver

WATERAPPLICATIONEFFICIENCYThefraction
ofthewaterdeliveredtothefarmthatisstoredin
therootzoneforusebythecropexpressedasper
cent

WATERRIGHTAlegalrighttotheuseofwater
WATERSPREADINGTheartificialapplicationof

watertolandsforthepurposeofrechargingground
watersforsubsequentwithdrawal

WATERTABLETheelevationatwhichpressurein
unconfinedgroundwaterequalsatmosphericpres
suretheelevationatwhichwaterstandsinahole
dugdowntothewatertable

WATERLOGGEDAconditionoflandswherethewa
tertablestandsatahighlevelthatisdetrimentalto
plantsItmayresultfromoverirrigationorseepage
withinadequatedrainage

WEIR1Adamacrossastreamfordivertingtheflow
intoacanal2adeviceformeasuringtheflowof
water

WHITEALKALISeeSalineSoils
WILDFLOODINGRelativelyuncontrolledflooding

offieldswhichhavenotbeenpreparedforuniform
irrigation

WILTINGCOEFFICIENTorPERCENTAGESee
PermanentWiltingPercentage

LISTOFREFERENCES
HoukIvanEIrrigationEngineeringVolIAgricultural

andHydrologicalPhasesJohnWiley SonsNewYork
NY1951

IsraelsenOWIrrigationPrinciplesandPractices2ndedi
tionJohnWiley SonsNewYorkNY1950

RichardsLAetalDiagnosisandImprovementofSaline
andAlkaliSoilRegionalSalinityLaboratorySoiland
WaterConservationResearchBranchAgricultureRe
searchServiceUSDAAgriculturalHandbookNo60
USGovtPrintingOfficeWashington25DCFeb
1954

SeelyeElwynEDataBookforEngineersSpecificationsand
CostsJohnWiley SonsNewYorkNY1946

REPORTOFOPERATIONALINVESTIGATIONS
COMMITTEE

ThroughouttheyearprojectssupportedbyCalifornia
MosquitoControlAssociationprogressedingoodorder
Committeemeetingswereheldintheearlymonthsof
theyeartoestablishpolicybudgetandproceduresAs
apatternwasdevelopedprojectpersonneltookoverin
suchgoodfashionthatfurthercommitteemeetings
seemedunnecessaryProjectsundertakenandasummary
ofaccomplishmentswere

TIRRIGATEDPASTURESTUDIES

AInfluenceofpostovipositionalconditiononthe
hatchingofAedesnigromaculiseggs
Astudyundertakentorevealthefactorsthatcon
trolorinfluenceegghatchingObservationshave
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indicatedthatthechemicalorphysicalproperties
oftheeggshellcontributetothehatchabilityofan
eggMissRosay

BDistributionandabundanceofAedeseggsinanir
rigatedpasture
Dataobtainedwerenotsignificantbecauseoflim
itationsimposedbyexperimentalcircumstances
andtimeMrHusbands

CStudyoftheevolutionofanuncontrolledirrigated
pasture
Acontinuingstudyinitiatedin1951inMadera
Countyinaselectedstudypasture toevaluate

fieldconditionsandtheirinfluenceuponmosquito
populationsandpasturedeterioration
Resultsindicatethatdeteriorationisacontinuing
processwithgreatinfluenceuponmosquitospecies
MrHusbands

IICOOPERATIVEPASTURESTUDY

AThedeterminationoftherelationshipbetweenirri
gationpracticesandmosquitoproduction
AjointirrigationmosquitostudywiththeAgricul
turalResearchServiceUSDAtoevaluatepres
entirrigationpracticesandestablishtherelation
shipbetweenirrigationefficiencyandmosquito
productionToprovidealsoinformationonthere
lationshipbetweencropproductionmosquitopro
ductionandirrigationefficiencyMrHusbands
andMrDavis

IIIRICEFIELDSTUDIES

AAlgaltransplantstudies
Fivefieldswereinoculatedwithricestubblecarry
ingcystsofAnabaenaOfthefiveplotsfour
showedgoodgrowthofthebluegreenalgaeAcor
respondingreductionofmosquitoeswasnoted
MrGerhardt

BFieldsurveyofbluegreenalgaeinricefields
Acontinuingstudydesignedtosecureinformation
concerningthedistributionandeffectsofthealge
inCaliforniaricefieldsMrGerhardt

CInsecticidepredatorrelationshipstudy
Todeterminetheeffectofaninsecticidalapplica
tiononthepredatorsinricefieldsMrGerhardt
Onthebasisofdataavailableitseemsthatasingle
larvicidalapplicationmaydomoredamagethan
goodbyreducingnaturalpredatorsofmosquito
larvaeMrGerhardt

DLimnologicalStudies
Thisseasonsworkonlimnologywasrestrictedto
someaspectsofquantitativeplanktonmeasure
mentsItwasdesignedtotestthetechniquesused
asregardstheirapplicabilitytotheresearchprob
lemsbeingconsideredbytheprojectMrGer
hardt

IVJOINTSTUDYONTHEMODEOFACTION
OFBLUEGREENALGAEONMOSQUITO
LARVIE

Thisworkislargelyinsupportofactivitiesofthe
DepartmentofPlantNutritionUniversityofCali
forniaBerkeleyMrGerhardtDrArnonDr
Allen



VCULTURALASPECTSOFRICEFIELDMOS
QUITOECOLOGYSTUDYMrStone

ARicewaterflowscirculatedwatervsnoncircu
latedwater

BIntermittentsubmergenceofricepaddies
CDepthofwaterinricefieldwarmingbasinsatBiggs

andWylieStations
DInfluenceoffertilizersonmosquitoproduction
EEffectofricefieldweedherbicidesonmosquitopro

duction
Thecommitteecommendstheexcellentworkaccom

plishedbyallprojectpersonnelFullcreditforthefine
administrationoftheprojectsmustbegiventoDrBasil
MarkosHisguidanceplusthemanyothercontributions
bytheBureauofVectorControlmadeitpossibletoex
pandtheinvestigationsfarbeyondtheresourcesofCali
forniaMosquitoControlAssociation

Respectfullysubmitted
TGRALEYChairman
EDWARDEDAVIS

THOMASMSPERBECK
LEWISWISAAK
BASILGMARKOS

LLOYDEMYERS

pro
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REPORTOFTHECULICIDOLOGYCOMMITTEE

TheCaliforniaMosquitoControlAssociationCulici
dologyCommitteehascontinueditsassignmentofexplor
ingwaysandmeanswhichwouldleadtoagenerallyac
ceptablerecommendationforevaluatingmosquitopopu
lationdensitiesManymethodsandtechniqueshavebeen
usedbyCaliforniaagenciesinrecentyearsbutgrossin
adequaciesstillexistThelastguidetotheevaluationof
mosquitopopulationdensitypresentedbythisCommittee
wasincludedintheProceedingsofthe22ndAnnualCon
ference

ThispastseasontheCulicidologyCommitteeconducted
asurveyamongmosquitoabatementagencieshavingthe
followingobjectives

1Summarizeevaluationmethodsusedin1954

2Comparetheeconomicsofmethodsused
3Recommendacontinuingdensityevaluation

grambasedonsurveydata
Duetothedetailednatureofthesurveyrequirements

theCommitteedecidedthatinformationcouldbebest

acquiredthroughpersonalinterviewwithDistrictper
sonnelEachagencyreceivedtheMosquitoMeasurement
Programsurveyformacopyofwhichisattachedhereto
OneCommitteememberwasassignedtoeachofthere
gionalareasoftheStatefordatagatheringThepersonal
contacteventhoughconsiderablymoretimeconsuming
allowedustogainamorecomprehensiveconceptofthe
needsthanwouldotherwisehavebeenobtainedthrough
mailcorrespondencealone

Theanalysisofthedataobtainedhasrequiredalarge
amountoftimeandasofnowinformationisnotyet
infromnineagenciesconsequentlytheCommitteewill
needadditionaltimetocompleteitssurveyItwillbeour
intenttopresenttheobjectivesofthesurveyatthefirst
CaliforniaMosquitoControlAssociationBoardofDirec
torsmeetingfollowingthepresentConference

TheCulicidologyCommitteesubmittedatthe21stAn
nualConferenceoftheCaliforniaMosquitoControlAs
sociationalistofculicidologyprojectscurrentlyunderin
vestigationandfutureprojectprojosalsArecentlycom

piledlistofsaidprojectsisattachedtothisreportCom
pilationofthisinformationisacontinuingfunctionof
theCommittee

TheCommitteewishestheAssociationtoconsiderthe
proposalofundertakingasanAssociationprojectthe
compilationofCaliforniaCulicidologydataSuchaproj
ectwouldemphasizeecologydistributiontaxonomyand
publichealthaspectsandwouldexcludecontrolmeas
uresTheCulicidologyCommitteecouldlogicallyguide
thisprojectandanindefinitenumberofcontributors
couldbeinvolvedintheassemblageofdataDuetothe
expansioninourknowledgeofmosquitobiologytheproj
ectmightprudentlybeallowedtogothroughtworevisions
beforebeingconsideredforpublication

SUPPLEMENTTOMOSQUITOESOFCALIFORNIA
BYFREEBORNANDBOHART

DuringthepastseasonRBohartandECLoomis
completedamosquitodistributionsupplementbasedon
identifiedCaliforniaspecimensThisdatahasbeenas
sembledasasupplementandwillbemadeavailablewith
reprintedcopiesofFreeborn Bohart1951Mosquitoes
ofCalifornia

RECOMMENDATIONS

Inasmuchasthemosquitocontrolagencieshavefelt
thatthemeasurementsurveywasimportanttheCom
mitteeshouldcontinueitsstatisticalanalysisofthepro
gramandreportsamewithproposalsforimprovements
Aplanleadingtothepublicationofacomprehensivework
onthemosquitoesofCaliforniaacooperativeAssocia
tionprojectemphasizingecologyshouldbeinvestigat
edTheCommitteeshouldcontinuedtomakeavailable

listsofculicidologyprojectscurrentandanticipatedin
Californiaandshouldbeavailabletogenerallyserveat
thepleasureoftheAssociation

Respectfullysubmitted
THEODOREAARONSChairman
RICHARDCHUSBANDS
EDMONDCLOOMIS

EMBREEGMEZOER

JOHNCSHANAFELTJR

LISTOFCURRENTANDPROPOSED

INVESTIGATIONSRESEARCH
INCALIFORNIA

NoteThislisthasbeencompiledandbasedprimarily
uponasurveyofallpersonsandagenciesinterestedin
mosquitoproblemsinCaliforniaThefirstpartofthe
listshowsworkpresentlyactiveorinprogressduring
1954Thesecondpartofthelistisacompilationof
proposedprogramsorinvestigationsresearchsub
jectsthatmaybeconductedinthenearfutureThe
thirdpartdealswithinvestigationsubjectsthathave
beenproposedbutforwhichthereisnoimmediate
programcontemplated

I CurrentProjects
ACMCABVC

1IrrigatedPastureMosquitoEcologyStudy
2RicefieldMosquitoEcologyStudy
3TestsonthePerformanceofAdulticidingMa

chines

BUSDAEntoResBr
1FieldTestsofMalathionandChlorthionAero

sols

CUSDAEntoResBr
1LaboratoryTestsonCulexquinquefasciatus

usingnewerorganicphosphorusinsecticides



DBureauofVectorControl

1MeasurementStudiesonMosquitopopulations
withinartificialandnaturalreststations

2StudiesonKAADclearingkillingfixative
forlarvaecollectedinthefield

3MaintenanceofaseriesofadultCtarsalisand
Cstigmatosomainastudyoftheirvariability
inCalifornia

EUniversityofCaliforniaHooperFoundationand
USPublicHealthService

1Cooperativestudiesontheecologyofthe
arthropodbornevirusvectorandreservoir

FUniversityofCalifornia
1BiologyofAedesdorsalisandAedessquamiger
2MosquitoesofMicronesia

GMosquitoAbatementDistrictsandAgencies
1Refinementofmeasurementtechniquesvis

ualonadultAvaripalpus
2EffectivenessofaerosolonAvaripalpusadults
3BiologyofCtarsalisinsaltmarshes
4BiologyofAsquamiger
5Roleplayedbymuskratsindamagetoflood

gates
6Biologyandcontroloftreeholemosquitoes
7Useofwettingagentsformosquitocontrol
8ExperimentaluseofOroniteD40atsewage

disposalplant
9Studyofzoobirdstodeterminepercentageof

birdsinfectedwithavianmalaria
10SurfaceTensionReduction

11Aedesvaripalpuscontrolcontinuationofob
servationonefficiencyoftreeholefilling

12MistBlowerDevelopment
13Emulsifiertests

14Ricefieldmosquitopredatorbiology
15Screeningandevaluationofinsecticidesfor

mosquitocontrol

Location

StateofCaliforniaVectorInvestigationsUnitFresno
FacilityStateDepartmentofPublicHealth5545East
ShieldsAvenue

UniversityofCaliforniaatDavisBranchVectorInves
tigationsUnit
MercedArea
MercedArea

CorvallisOregon
BureauofVectorControl2180MilviaStreetBerkeley

California
Ditto
Ditto

BakersfieldFieldStation
POBox1564

UniversityofCaliforniaatDavisDrBohart
UniversityofCaliforniaatDavisDrBohart
MarinCountyMAD
Ditto

SolanoCountyMAD
Ditto

ContraCostaMAD

ButteCountyMAD
SanDiegoCountyDepartmentofPublicHealth
Ditto
Ditto

NorthernSalinasValleyMAD
AlamedaCountyMAD
MercedCountyMAD
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Ditto
Ditto

KernCountyMAD

II FutureProjectsProgramContemplated
ABureauofVectorControl

1IrrigatedPastureProject
2RiceFieldProject
3CottonFieldProject
4NaturalSourcesProject

Culextarsalis

5ToxicologyProject
6EquipmentEvaluation
7MosquitoSourceReduction
8Bluegreenalgaestudies
9AedesEggHatchingStudies

BMosquitoAbatementDistrictsandorAgencies
1EffectivenessofGranulesonControlofTree

HoleMosquitoes
2CooperativeStudywithBayAreaMADson

CulexResistancetoChemicalControl

3EffectivenessofOilsonMosquitoesinSewage
OxidationPonds

4StudyoftheRelationshipofPredatorsand
MosquitoesOccurringinRiceFields

5NewInsecticidesTestingforImmatureand
AdultMosquitoControl

6StudyontheEffectofControlofMosquito
SourcesAroundRiceFieldstotheMosquito
PopulationwithinRiceFields

7Biologyof0californica
CUniversityofCalifornia

RevisionofMosquitoesofCalifornia1951
2BiologyofCstigmatsoma
3Taxonomyof1stInstarCulexLarvw

Location

AdministeredbyVectorInvestigationsUnitBVC
Fresno

Ditto

Ditto
Ditto

Ditto
Ditto

Ditto

DittoNIHGrants

AdministeredbyVectorInvestigationsUnitBVC
FresnoNIHGrants

MarinCountyMAD
NapaCountyMAD
Ditto
FresnoMAD
Ditto

SutterYubaMAD
SanMateoMAD

DavisCalifornia
DrBohart
Ditto

Ditto

III FutureProjectsProposedforInvestigation
AByC1VIGjullinUSDA

1Laboratoryscreeningofnewinsectcidesaslar
vicidesandadulticidesandfieldtestingofthe
morefavorablematerials

2Testingandimprovingequipmentfortheap
plicationofthesematerials



3Laboratoryandfieldscreeningofchemicals
whichmayattractorrepelmosquitoes

4Developmentofbettermethodsofsampling
adultmosquitopopulations

5Detailedstudiesofthebiologyofmosquitoes
inrelationtowatersoilandclimaticcondi
tionsinvariouspartsofCalifornia

6Studiestodeterminethefactorswhichcause

Aedesnigromaculiseggstohatch
7Studiesofthephysiologyoftheimportantspe

ciesofmosquitoestodiscoverhormonesoren
zymesthatmayberesponsibleformoltingand
pupation

8Studiestodeterminemigrationpatternsofim
portantspeciesandconditionswhichmay
causemigration

9Taxonomicstudiestofindmorereliablechar

actersforseparatingspecieswhicharesimilar
inappearance

10Developmentofrearingmethodswhichwillin
sureavailabilityoflargecoloniesoftheCalifor
niastrainofCulextarsalisatalltimes

11Developmentofeducationalfilmstoshowthe
mostsimpleandeffectivemethodsofsource
reductionofmosquitobreedinginthesitua
tionscommonlyoccurringinirrigatedareas
Compilationoffigurestoshowtheincreased
cropvaluesthatareobtainedbythisimprove
ment

12Studiestoindicatetheincreaseinbeefand

milkproductionthroughcontrolofmosquitoes
inpastures

13Researchondiseasesaffectingthevarious
stagesofthemosquitoandmethodswhereby
thesemaybeusedasacontrolmeasure

BDrSBFreebornUCDavis
1DeterminewhyAnigromaculisreplacedA

dorsalisinCalifornia
2DelineationofareasinCaliforniawhereA

dorsalisispreferredtoAnigromaculis
CECLoomisBVCBerkeley

1Populationmeasurementsmethodsasapplied
toAedesvaripalpus

2Lighttrapevaluationstudiesonproperlight
intensitycolormaximumrecoveryhoursand
speciesselection

DREBellamyPHSBakersfield
1BiologyofCulextarsalis

ECERobinsonEastSideMADModesto
1Toxicologystudies
2Flightrangestudies
3Biologicalcontrolstudies

FJohnOStiversMercedMAD
1LatesummerflightrangeofCtarsalis
2FoodpreferencesofCstigmatosoma
3Investigatenaturaltoxicantsegricealga

foruseonirrigatedpastures
4Tuleandcattailcontrol

GJBAskewSanDiegoDPH
1Studyofdairywastesandcontrolofmosquito

breedingthereon
HHIMagyBVCLosAngeles

1Mosquitoesfoundincemeteriesecologyand
chemicalcontrol

2Mosquitoproblemsandcontrolproceduresin
sewageoxidationponds
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IRCHusbandsCMCAFresno
1Statewidedistributionofspeciesofmosquitoes

associatedwithirrigatedpastures
2Studiesofadultmosquitohabits

aSexratiovariations

bMating
cOvipositionhabits
dLongevity
eFeeding
fAgefeedinggravidnessetcinfluenceupon

dispersalorflight
3Taxonomicstudiestodeterminepotentialseg

regationandsubspecies
4Reviewoftheliteratureasapossiblemeans

ofuncoveringspeciesofmosquitoespotentially
capableofenteringCaliforniafromotherparts
oftheworld

5Studiesthatwoulddemonstratetheinfluenceof

ofalteringknownenvironmentalconditions
thatwillleadtomosquitocontrolinirrigated
crops

6Studiesonthestatisticalproblemsrelatingto
virusrecoveryfromsamplesofmosquitoeswith
alowratioofpositivetonegativespecimens
suchasexistsintheAedesspeciesmosquitoes

7Hostpreferencestudiesandtheinfluenceof
thefirstbloodmealhosttypeuponfurther
feedingpreference

8Studiesuponthetransmissionofdiseaseto
livestock

9Studiesonthegeneticsoflaboratorystrainsof
mosquitoes

REPORTOFTHELEGISLATIVECOMMITTEE

AttheCaliforniaStateLegislaturetheStateDepart
mentofPublicHealthincluded700000subventionto
assistlocalagenciesThisamountwascutto400000in
theGovernorsbudgetassubmittedtotheLegislature

TheAsemblyWaysandMeansCommitteeheldahear
ingatwhichtimewepresentedthereasonswhythe700
000subventionwasnecessaryforadequatemosquitocon
trolWeweredefeatedbyavoteof9to11ofthiscom
mittee

AssemblymanErnestGeddespresentedamotionto
amendthebudgetfrom400000to700000Thiswon
intheAssemblybyavoteof32to30

NeithertheAssemblynortheSenateacceptedtheother
budgetandaConferenceCommitteewasappointedcom
posedofthreeSenatorsandthreeAssemblymentoadjust
thedifferencesbetweenthetwobudgetsTheconference
Committeeapprovedthe400000subventionaidand
150000emergencyappropriationtobeuseduponrec
ommendationoftheDirectorofPublicHealthandap
provaloftheDirectorofFinanceincaseofananticipated
encephalitisemergencyThe195455budgetwiththese
itemswasapprovedbytheLegislatureandsignedbythe
Governor

TheStateDepartmentofPublicHealthintheirbudget
for195556included725000forStatesubventionplus
10percentofthisamountforstudiesandinvestigations
Allbutthe400000subventionwasdeletedintheGov
ernorsbudgetYourLegislativeCommitteethroughAs
semblymanRalphhaspresentedabilltoreplace
the325000intheStateDepartmentofPublicHealths
budgetHearingsbeforetheAssemblyWaysandMeans



andSenateFinanceCommitteesregardingthisbillprob
ablywillbeheldinMarchof1955Thisbillcanbe
amendedtoincludeotheritemsrecommendedbythe
CMCA

AssemblymanRalphBrownalsoispresentingabill
amending2206ofHealth SafetyCodetoexemptmos
quitoabatementdistrictsforanothertwoyearsfromthe
DistrictInvestigationActof1933Heisalsopresenting
abilltoformaCaliforniaCouncilofMosquitoAbate
mentAgenciesThisbillwillnotbepresentedtotheLeg
islatureuntilapprovedbyamajorityoftheagenciesin
volved

Youwillbeinformedwhenthesebillshaveanumber

anditisimperativethatyouimmediatelyinformyour
StateLegislatorsofthenecessityfortheirpassage

Respectfullysubmitted
ECHESTERROBINSONChairman
HAROLDGRAY
DICKSPERBECK

ARTGEIB

REPORTOFTHEAUDITINGCOMMITTEE

TheAuditingCommitteehasmadeanexaminationof
thebooksandhavefoundthattheyappeartobeinvery
goodorder

WeshouldliketorecommendtotheBoardofDirectors

ofthisAssociationthattheauditbemadebyacertified
publicaccountantbecauseofthetimeelementThebooks
areclosedattheendofthecalendaryearwiththecon
ferencefollowingverysoonthereafterItisdifficultfor
anauditingcommitteetomeetandauditthebooksinthe
availabletime

Respectfullysubmitted
MARVINCKRAMERChairman
JOHNOSTIVERS

REPORTOFTHERESOLUTIONCOMMITTEE

ThreeresolutionshavebeenconsideredbytheCom
mitteeandarepresentedatthistimeforyourapproval

RESOLUTIONNO1

WHEREAScopiesoftheminutesofthevariousmeet
ingsoftheBoardofDirectorshavebeensenttoallmem
bersofthisAssociation

BEITRESOLVEDthattheactionstakenbythe
BoardofDirectorsduringthepastConferenceyearas
reportedbytheseminutesbeapprovedbythemembers
assembledatthis23rdAnnualConference

RESOLUTIONNO2

WHEREASAMEmerickapioneerinCalifornia
MosquitoControlachartermemberandPresidentof
thisAssociationin1935andsuperintendentoftheNapa
CountyMosquitoAbatementDistrictfrom1928until
hisretirementseveralyearsagopassedawayinthefall
of1954and

WHEREASMrEmerickaffectionatelyknowntohis
friendsasHamEmerickwasauniqueindividualpos
sessingtheunusualabilityofbeingabletobeintheright
placeattherighttimetohandleindividuallyandperson
allythemosquitoneedsofNapaCounty

BEITRESOLVEDbytheCaliforniaMosquitoCon
trolAssociationassembledthis25thdayofJanuary1955
inits23rdAnnualMeetingatLosAngelesCalifornia
thatweexpressourregretsatthedeathofMrEmerick
bysendingacopyofthisResolutiontohiswidowwithour
condolencesonherloss
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RESOLUTIONNO3

WHEREASthetechnicalpresentationsandthemeet
ingarrangementsforthe23rdAnnualConferenceofthe
CaliforniaMosquitoControlAssociationheldjointlywith
theAmericanMosquitoControlAssociationatLosAn
geleswithheadquartersatHotelStatlerandwithone
dayatthecampusoftheUniversityofCaliforniainWest
woodhavebeenparticularlyoutstandingandenjoyable

BEITRESOLVEDbythemembersofthisAssocia
tionassembledhereatitsannualbusinessmeetingon
January251955thatweherebyexpressourapprecia
tionandthankstoallwhohaveparticipatedinthepro
gramandintheconferencearrangements

BEITFURTHERRESOLVEDthattheSecretary
TreasurerofthisAssociationisherebydirectedtosend
lettersofappreciationandthankstoallthosewhohave
soparticipatedorcontributedandinparticulartothe
following

TheUniversityofCaliforniaatLosAngelesformak
ingpossibleUniversityofCaliforniaDaywithspecial
thankstoDrWalterEEbelingHeadoftheDepartment
ofEntomologytoDrDrJohnNBelkinaschairman
ofourProgramCommitteetoMrAHarryBlissSchool
ofPublicHealthaschairmanofoureventsonthecam
pustoDrLelandRBrownandMrWmAMcDonald
DepartmentofEntomologyandtoMrSamHouston
ConferenceandSpecialActivitiesforaverysuccessful
fielddemonstrationofequipmentinornamentalhorti
culturearea

TheLosAngelesCityHealthDepartmentforbeing
hosttotheJointConferencewithspecialthankstoDr
GeorgeMUhlHealthOfficerandCharlesLSenn
EngineerDirectorDivisionofSanitationandtoWE
DuclusJohnRuddockandMessrsMcKenzieMoundy
andBadon

TheLosAngelesCountyMuseumwithspecialthanks
toDrFredSTruxalforcoordinatingallsubmitted
papers

TheLosAngelesCountyHealthDepartmentwithspe
cialthankstoMrStanleyMartinforitscooperationwith
theSoutheastMosquitoAbatementDistrictontheEx
hibitsandFinanceCommittee

TheCaliforniaStateDepartmentofPublicHealth
BureauofVectorControlforprovidinganexcellentex
hibitfortheirmanycontributionstotheprogramand
forthemanyotherservicesandassistancewithspecial
thankstoRichardFPetersandHarveyIMagy

ToMrsWalterEEbelingandhercommitteeforan
outstandingladiesprogram

ToNeilAMacLeanCompanyfortheoutstandingjob
performedbyitsrepresentativeNormanREhmann
duringthepastsixmonthsaschairmanoftheJointCon
ferenceCommittee

TheLosAngelesChamberofCommerce
TheManagementoftheStatlerHotelwithspecial

thankstoMrHewitt

ToJohnGShanafeltforprintingtheprogramandthe
varioustickets

ToalltheExhibitorsfortheinformativedisplaysand
demonstrations

TotheOrangeCountyMosquitoAbatementDistrict
formailingsome1500programsforfurnishinganexhibit
boothanddisplaymaterialandfordoingtheregistration
andticketsaleswithspecialthankstoJackHKimball
JohnGShanafeltandAlbertHThompson

TotheSoutheastMosquitoAbatementDistrictforse
curingandcoordinatingthemanyfinecommercialex



hibitsandforhandlingthefinancingoftheConference
withspecialthankstoGardnerCMcFarland

Respectfullysubmitted
JACKHKIMBALLChair
GARDNERCMCFARLAND

REPORTOFTHENOMINATINGCOMMITTEE

ThegeneralmembershipoftheCaliforniaMosquito
ControlAssociationwasnotifiedofthisCommitteesse

lectionsbymailonJanuary131955asperthefollowing
letter

AccordingtotheByLawsofthisAssociationthegen
eralmembershipistobeadvisedoftheproposedofficers
ofthisAssociationforthenextensuingyearTheNomi
natingCommitteethereforehasaskedthatthisoffice
notifyyouofitsselectionswhowillbevoteduponatthe
coming23rdAnnualConferenceTheselecteesareas
follows

President TMactSPERBECK
VicePresident WDONALDMURRAY

SecretaryTreasurer GEDWINWASHBURN
TrusteeMember ROYLHOLMES

Respectfullysubmitted
NominatingCommittee

EDGARASMITHChairman
LSHAILE

JACKHKIMBALL
ROBERTHPETERS
CHESTERROBINSON

PresidentGrantGentlemenyouhaveheardthenom
inationsmadebytheNominatingCommitteeMrWash
burnhavetherebeenanyothernominationssubmitted
inaccordwithproperprocedure

MrWashburnNotherehavenot
PresidentGrantWiththeconsentofthegeneralmem

bershipIshallaskMrWashburntocastawhiteballot
forthecandidatesproposedbytheNominatingCommit
tee

ThankyouMayIaskthenewlyelectedOfficersto
ariseandbeintroduced

CongratulationsDickThankyouforrelievingme
frommyoverextendedtermofofficeandIwishyou
everysuccessintheproblemsthatyouhaveinherited

MrSperbeckIfyouallfeellikeIdoweknowwe
havehadalongdayThereisonethingIwanttodoas
Presidentofthisorganizationafterthankingyouallfor
thehonoristointroducethePresidentofmyBoardof

MTrusteesMrMarionBewfromMarysvillewhohas a

messagetopresenttoyouandIpromisethatallmes
sageswillbeshortMrBewheispastCityCouncilman
CityofMarysvilleExMayorPresidentoftheSutter
YubaBoardofTrusteesandmostofyouknowhimasthe
operatorofthebeautifulmotelonthelakeinMarysville

MrBewIknowhowtomakeshortspeechesbutmy
functionheretonightisinadualcapacityoftheBoard
ofTrusteesoftheSutterYubaMosquitoAbatementDis
trictandalsorepresentingtheYubaCountyMarysville
ChamberofCommerceinextendinganinvitationtothe
CaliforniaMosquitoControlAssociationtoholdyour
nextAnnualConferenceinMarysvillein1956Mostof
youknowMarysvilleandthoseofyouthatdontshould
IdliketopresentthislittlebrochuretoyourSecretaryit
containsaletterfromourMayorMrRoyGCunning
hamandotherlettersofinvitationthatyoucanreadat
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yourleisureandalsoabriefbrochureonwhatMarysville
hastoofferThankyouforyourtimeandIhopeyouwill
giveMarysvilleconsiderationforyour1956conference

MrSperbeckThankyouMarionThiswillbere
ferredtotheBoardofDirectorsattheirnextmeetingto
takeappropriateaction

Themeetingisadjourned

FIFTHSESSIONConcurrent

WEDNESDAY930AMJANUARY261955

SIERRAROOMHOTELSTATLER

ThesessionwascalledtoorderbythenewPresidentof
theCaliforniaMosquitoControlAssociationMrThomas
MSperbeckManagerSutterYubaMosquitoAbate
mentDistrict

MrSperbeckWillthedistrictsinthefourregionsof
theCaliforniaMosquitoControlAssociationplantomeet
andselecttheirregionalrepresentativesandgivethese
namestooursecretaryMrWashburnSomehavedone
thatandImremindingtheotherstomeetanddoso
thennotifyusofyourselectionArethereanyannounce
mentsbeforewestarttodayssessionIfnotIwantto
introducethechairmanofthesymposiumwhowillcarry
onfortheforenoonsessionandwhowillinturnintro
ducethepanelDrRobertMetcalfoftheUniversityof
CaliforniaatRiverside

DrMetcalfThankyouverymuchMrChairman
Asyouseebytheprogramthissessionisdevotedtowhat
wehavegenerouslytitledaSymposiumontheChemical
ControlofMosquitoes

Thechemicalcontrolofmosquitoescertainlycontinues
tobeasubjectthatisgreatlyrelieduponformosquito
controlmeasuresbutitisonewhichisinacontinuous
stateoffluxThisisbroughtaboutbythecontinuous
progressofthechemicalindustryinbringingnewma
terialsintoexperimentaluseandalsobytheabilityof
mosquitoestocircumventourbestmeansofcontrolwith
suchmechanismsasresistance

Abriefcommentaboutthedevelopmentofnewma
terialsmightbeinorderhereIpersonallyfeelthatthe
greatestdrawbackindevelopingnewmaterialswhichwill
enableustokeepabreastwithresistanceliesintheirdif
ficultyofintroductionItsnotparticularlyhardforthe
organicchemisttosynthesizeneworganiccompounds
whichwillshowagreatdealofpromiseforthecontrolof
mosquitoesAsanillustrationofthatwehavetestedin
ourscreeningprogramsattheUniversityofCaliforniaat
Riversideduringthepast4or5yearsnearly4000com
poundsagainstmosquitoesLiterallyhundredsofthese
compoundsarequitetoxictomosquitolarvaeandcon
ceivablycouldbedevelopedasnewandpromisinglarvi
cidesFromthisprogramhavecomesuchmaterialsas
EPNChlorthionandMalathionIdontmeanthatwe
havebeentheonlyonestodiscovertheirpropertiesbut
theyhaveshownupasunusuallypromisingandhave
graduatedintothefieldasmosquitocontrolagentsHow
everthedifficultyseemstoariseinprovingthatthese
chemicalscanbeusedsafelynotonlybythemosquito
controloperatorbutthattheycanbeappliedwhere
domesticanimalsarequarteredandgrazedactuallyto
cropswhoseconsumptionwillbebymanoranimalswith
outdeleteriouseffectsThatseemstobethestumbling
blockwehaveatthemoment



WiththepassageoftheMillerBilltheFoodandDrug
andotherregulatoryagencieswearefindingitnecessary
tofindmoreandmoredetailedinformationaboutthe

chronictoxicityofthesenewchemicalcompoundsThe
burdennowisonthemanufacturertoprovideevidence
thatthesecompoundscanbeusedwithoutundesirable
effectsItnowisrequiredthat2yearchronicfeeding
studiesbecarriedonbeforeanycompoundcanbecon
sideredforregistrationThismeansthatbythetimethe
chemistinthelaboratoryhasdevelopedapromisingcom
poundtheentomologisthastesteditinthelaboratory
andfounditishighlytoxictomosquitolarvaeandthata
fewfieldtestshavebeenmadewhichshowsitbetterthan

anythingwenowhaveitisstillgoingtobe2yearsas
sumingallgoeswellbeforethecompoundcanbeused
commerciallyWhenyouknowthatittakes2yearsfora
mosquitotodevelopresistancetoacompoundonceit
hasbeenoverlyappliedyoucanseewhatweareup
againstIknowofnowaytocircumventorshortcutthis
thingItsthelawitslegalanditsreasonableNoneof
uswanttobeapartytoanytypeofactivitywherebythe
nationshealthmightbeharmedintheslightest

Weallknowtherearenocasesonrecordofmisuse
ofchemicalswhenproperlyappliedfromtheresidue
standpointofinjuringthenationshealthWhatthis
meansinshortisthatweneedmorebasicinvestigations
ofthebehaviorofthischemicalmorelaboratoriesen
gagedindevelopingmethodsofresidueanalysisoften
oneofthebottlenecksWeneedmorebiochemistsatwork

tolearnwhathappenstothesechemicalswhentheyare
ingestedbymammalsandwhentheyareappliedtofood
stuffsThisisparticularlyinterestingbecausetheFood
andDrugagenciesarebecomingmoreandmorecurious
notonlyaboutthechemicalasappliedbutmodifications
ofitwhichoccurtoitundertheinfluencesofenzymesin
theplanttheactionofsunlightetcImerelypresentthis
picturetoindicatetoyouwhythechemicalcontrolof
mosquitoesisnotasrapidaswealldesire

Thefurtherpointthatoccurshereisthegamblethe
manufacturerofnewchemicalsmusttakebeforehecan

introducethemtothepublicIthasbeenestimatedby
reliableindividualsthatitmaycostfromonehalfmillion
to2milliondollarstoputanewagriculturalchemicalon
themarketYoucanreadilyseethatunlessthereisa
guaranteeofagoodmarketthemanufacturercannot
profitsufficientlytomakeitdesirabletomarketcertain
ofthesenewchemicalsandthatisparticularlytruehere
Ifachemicalhasonlyaspecificuseasamosquitolarvi
cideistheresufficientmarketforittogothroughallthis
elaborate2yearritualwemightcallitinordertogetit
registered

Withthosethoughtswewillturntheprogramoverto
the4speakerswhoverykindlyconsentedtocomehere
mostofthemfromconsiderabledistancestopresentthis
programforusWehavetriedtocoverthefieldofchemi
calcontrolofmosquitoesfromasmanydifferentstand
pointsaspossibleusingoutstandingspeakersfromvari
ousagencieswhoarebasicallyengagedintheprocessof
chemicalcontrolofmosquitoesThefirstpaperonthe
programTheUSArmyProgramofChemicalControl
ofMosquitoesbyAustinWMorrillpaperpublished
elsewhere
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CHEMICALCONTROLOFMOSQUITOESIN
THETROPICS

ARCHIEDHESSUSPHS
LoganFieldStationUtah

Mosquitocontrolinthetropicsisconcernedprimarily
withthosespecieswhichtransmitdiseasePestmosquito
controlisaluxurywhichmosttropicalcountriescannot
yetaffordThemosquitobornediseasesofthetropicsin
cludemalariayellowfeverdenguefilariasisanden
cephalitisOfthesemalariaisbyfarthemostimportant
Ithasbeenestimatedthatoftheapproximately25
billionpeoplelivingontheearth250millionhaveclini
calattacksofmalariaand25milliondieofthedisease

eachyearPampanaandRussell1955InIndiaalone
75millionpeoplehavemalariaeachyear800000die
fromthediseaseandanequalnumberdiefromthein
directeffectsInepidemicyearsthesefiguresmaybe
doubledSingh1953

EXTENTOFMOSQUITOCONTROLACTIVITIES
INTHETROPICS

Thevariousprogramsdirectedattheanophelinevec
torsofmalariaconstitutethemajormosquitocontrol
effortinthetropicsatthepresenttimeTheseprograms
aregenerallyofthreetypesdependinguponthedegree
ofoutsidesupport1Programscarriedoutindepend
entlybyindividualcountries2internationalassisted
programsand3bilateralassistedprograms

TheNationalMalariaEradicationprograminthe
UnitedStatesAndrewsetal1954andthenationwide
campaignagainstmalariainVenezuelaGabaldonand
Berti1954areexamplesofindependentnationalpro
gramsTheUnitedStatesprogramreacheditspeakin
1948whenover113milliondwellingsin13stateswere
sprayedwithDDTWithinfiveyearsmalariawasalmost
eradicatedandthechiefconcernatthepresenttimeis
withimportedmalariaInVenezuelaalmost600000
houseswithapopulationofover214millionpeoplewere
protectedbyDDTresidualsbytheendof1953malaria
hasbeeneradicatedfromalargesegmentofthecountry
ashasAnophelesdarlingithemostimportantvectorof
theNeotropicRegion

Internationalassistedprogramshavereceivedmajor
supportfromtwoagenciesoftheUnitedNationsnamely
WHOandUNICEFPampanaandRussell1955
WHOhasgivenoutstandingtechnicalassistanceand
trainingthroughitsadvisoryteamsandmalariacontrol
demonstrationteamsIn1953WHOassistedprojects
werebeingcarriedoutinsome30countriesdistributed
throughoutthetropicsandprovideddirectprotection
toabout6millionpeopleUNICEFhasoftencoop
eratedwithWHOinprovidingequipmentandsupplies
formalariacontrolprogramsAprogramforeradication
ofmalariaintheAmericashasbeenreceivingpreferential
attentionbythePanAmericanSanitaryBureauRe
gionalOfficeWHOAboutthreefourthsofthe135mil
lionpeoplelivinginmalariousareasofLatinAmerica
nowhavebeenprotectedbymosquitocontroloperations
Malariaalreadyhasbeeneradicatedfromextensiveareas
inArgentinaChileEcuadorVenezuelaBritishGuiana
FrenchGuianaTrinidadandPuertoRicoAlvarado
1954

1FromtheCommunicableDiseaseCenterPublicHealthService
DepartmentofHealthEducationandWelfareLoganUtah



TheUnitedStateshasbeenthechiefcontributorto

bilateralassistedmalariacontrolprogramsthroughthe
ForeignOperationsAdministrationFOAanditspred
ecessorsMSATCAandECAIn1953FOAassisted
malariacontrolprojectsbroughtprotectionto124million
peoplein17countriesPrice1954ManyoftheFOA
assistedprogramsarenationwideincoverageasforex
ampleinthePhilippinesThailandandIndiaThepro
graminIndiaSingh1953isbyfarthelargestmalaria
projecteverundertakenitscurrentobjectiveisthepro
tectionof125millionpeopleanditmayeventuallybe
extendedtoprotecttheentire200millionindividuals
livinginmalariousareasofIndia

Aedesaegypticontrolmeasuresdirectedagainsturban
yellowfeveranddengueranknexttomalariacontrolin
presentdaymosquitocontrolactivitiesinthetropicsOf
particularnoteisthecampaignfortheeradicationof
AedesaegyptiintheAmericasforwhichthePanAmeri
canSanitaryBureauprovidesleadershipcoordination
andtechnicalassistanceSevero1952Recentoutbreaks
ofjungleyellowfeverinCentralandSouthAmericahave
stimulatedinterestinthiseradicationprogramOfthe
21countriesconcerned9havethecampaigncompleted
orinfinalstages8havetheworkinprogress2are
startingitandonly3UnitedStatesCubaandHaiti
havenotyetstartedUrbanyellowfeverhastoallintents
andpurposesbeennonexistentinAfricaforseveralyears
howeverjungleyellowfeverstillpersistsandoffersa
constantpotentialthreatofreinfectionofurbanareas
whereAaegyptiispresentWHO1954

Filariasisiswidelydistributedthroughoutthetropics
andvariouscountriesdirectmosquitocontroloperations
atthespeciesofCulexAedesAnophelesandMansonia
whicharevectorsofthediseaseControlofthesevectors

alsohasbeenofconcerntomilitaryforcesoperatingin
endemicareassuchastheislandsoftheSouthPacific
InsomecountriesasforexampleThailandcombined
mosquitocontroloperationsaredirectedatbothmalaria
andfilariasisGriffith1954

Inadditiontothenationalandinternationalmosquito
controlprogramsdiscussedabovetheMilitarycarries
outintensivemosquitocontroloperationsatitsvarious
installationslocatedintropicalcountries

FACTORSAFFECTINGCHEMICALMOSQUITO
CONTROLINTHETROPICS

Certainclimaticandsocioeconomicfactorsaffecting
chemicalmosquitocontrolinthetropicsaredifferent
fromthoseintemperateregionsThehightemperatures
andhumiditiesofthetropicsaffecttheresidualproperties
ofmosquitocidalapplicationsandcauseamorerapid
deteriorationinconcentrateformulationsRainfallpat
ternsratherthantemperaturesoftendeterminethesea
sonalpopulationdensitiesofthemosquitovectorsand
thedelugeswhichaccompanythemonsoonseasonsmake
roadsimpassableandthuslimitcontroloperationstothe
dryseasonThewarmerclimatemayresultinlonger
seasonsofproductionandmosquitobreedinganddisease
transmissionmayoftenbeperennial

Theprevailingtypesofhumanhabitationsinthetrop
icsareconstructedofporousandabsorbentmaterials
suchasmudbambooandnipapalmthisaffectsthe
typeofformulationsanddurationofresidualsprays
Thestructureofthehousesalsoprovidesspecialtypesof
restingplacesformosquitoesasforexamplethecrevices
ofthatchedroofsandtheundersidesofnipahutson
bamboostiltsThehabitsofthemosquitoesthemselves
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maybeimportantforexampleAnophelespseudopuncti
pennisrestingbeneaththeridgepoleofhighthatched
roofsinMexicomayrequirealongextensionwandfor
sprayingwhereasthelowrestinghabitsofAnopheles
minimusflaviorostrisinthePhilippinesmayrequirethat
specialattentionbedirectedatthelowerhalfofthewalls
andthesurfacesbeneaththehouseThebitingresting
habitsofthemosquitovectorareofspecialimportance
intheapplicabilityofresidualsprayingtechniquesOn
thisbasisGabaldon1953hasclassifiedadultanophe
linesintofourgroups 1outdoorbitersandoutdoor
resters2indoorbitersandindoorresters3out
doorbitersandindoorrestersand4indoorbitersand
outdoorresters

Themoresorlocalcustomsofthepeoplefrequently
haveadirecteffectuponmosquitocontrolinthetropics
ForexamplethecustominCeylonandIndiaofreplaster
ingthemudwallsofhousesseveraltimesayearDy
1954coversupinsecticidalresiduesandmayrequire
morefrequentapplicationofspraysThehousewifes
practiceoffrequentscrubbingofthewallsasinpartsof
thePhilippinesremovesthesprayresidualandshortens
thelifeofthetreatments

Manycountriesofthetropicsarestillunderdeveloped
andtheloweconomiclevelsplaceadirectlimitationon
thekindandextentofmosquitocontrolmeasureswhich
canbecarriedoutProgramswhichareeconomically
feasibleforVenezuelaandSarawakmaybecompletely
outofreachforIndiaorUganda

METHODSANDMATERIALSINCURRENTUSE
INTHETROPICS

MethodsofControl
Residualsprayingofhousesistheprimarymethodused

inmalariacontrolprogramsthroughoutthetropicsHow
everlarvicidesarestillusedinsomeareasForexample
inMalayaresidualinsecticidesareusedtocombatrural
malariacarriedbyAnaphelesmaculatusbutlarvicides
areusedforurbanmalariacontrolAnderson1954
IntheJordanValleytheuseoflarvicideshasbeenrec
ommendedtocontrollocalmalariavectorssuchasAno

phelessergentiwhichbiteintheopenandrestinun
sprayedcavesandfissuresthusavoidingcontactwith
sprayedpremisesTheoutstandingexampleofanoutdoor
biterunaffectedbyresidualhousespraysisAnopheles
bellatorinTrinidadBWIwhichtransmitsmalaria
duringthedaytimebybitingworkersinshadedcocoa
plantationsorduringtheeveningonopenverandas
Howeverinthisinstancecontrolisachievedbytheuseof
coppersulphatetocontroltheepiphyticbromeliads
principallyGravisiaaquilegawhichprovidetheaquat
ichabitatforthebellatorlarvaeDownsandPittendrigh
1946Anotherexampleofmosquitoabatementthrough
plantcontrolisinCeylonwheremechanicalandherbici
dalclearanceofwaterlettucePistiastratictesisusedto
controlMansoniamosquitoesthelocalvectorsofrural
filariasisChow1953

Althoughresidualspraysareplayingthemajorrolein
worldwidemalariacontroldrainageandotherperma
nentimprovementorsourcereductionproceduresare
stillimportantinmanycountriesparticularlywithre
gardtolongrangeprogramsForexampleinthesix
yearPhilippineAmericanmalariacontrolprogramresid
ualspraysarebeingusedtoknockmalariadownbut
permanentmeasuresareconsideredimportantinthe
longrangeprogramtoknockmalariaoutEjercito



etal1954Permanentmeasureshaveplayedanim
portantroleintheVenezuelanprogramanditwasby
theuseofdrainagethatAnophelesdarlingitransmitted
malariawasfirsteliminatedfromseveraltownsBerti
1945Cubaalsocontinuestostressdrainageandanti
larvalmeasures

Bothlarvicidalandadulticidalspraysareusedinthe
campaignsagainstAedesaegyptitreatmentsbeingmade
inthreeways1intradomicilesprayingsimilartothat
usedformalariacontrol2larvicidingofwaterrecep
taclesand3perifocalorpreferentialsprayingin
whichallinsideandoutsidewaterreceptaclesaresprayed
withorwithoutwateralsoadjacentwallsorotheradult
restingplacesSevero1952Fromanoverallstand
pointofeconomyandeffectivenesstheperifocalmethod
ispreferred
Insecticides

DDTisstillthechiefinsecticideusedformosquito
controlinthetropicsThe14countriesparticipatingin
theFirstAsianMalariaConferenceinBangkokin1953
reportedapredominantuseofDDTintheirresidual
sprayingoperationsDy1954Intheantimalariacam
paignintheAmericasover90percentofthesprayed
surfaceshavebeentreatedwithDDTAlvarado1954
BHChasbeenshowntobeaneffectiveresidualsprayfor
anophelinecontrolbutitsgreatervolatilityandconse
quentshorterdurationhaslimiteditsuseIncreasedef
fectivenesshasbeenreportedfromtheuseofDDTBHC
combinationsSharmaandPal1952Dieldrinhasbeen
usedexperimentallyandinpilotprojectsinvariouscoun
triesIndicationsarethatitmaybemoreeffectivethan
DDTagainstthecomplexofspecieswhichtransmitfilar
iasisinvariouspartsofthetropicsIthasbeenreported
thatCulexfatigansacommonfilariavectorhasbeen
eradicatedatFortIslandBritishGuianabytworesidual
applicationsandcombinedlarvicidaluseofdieldrin
Charles1954Thisspeciesisfrequentlyfoundtobe
refractorytoDDTDieldrinalsoisbeingusedincreasingly
inCentralandSouthAmericaforthecombinedcontrol
ofmosquitoesandthetriatomidvectorsofChagasdisease
PenalverandVillagran1955Chlordanehasbeen
usedtosomeextentsuchasinsituationswherecombined
roachandflycontrolalsoisdesiredBerti1954

TherelativeeffectivenessofDDTBHCanddieldrin
residualspraysforcontrolofadultmosquitoeshasbeen
relatedtotheirirritantrepellanteffectsDDTisre
portedtobemostirritantanddieldrintheleastBHC
wasfoundtobehighlyirritantwhensolidbutnotwhen
vaporizedMacDonaldandDavidson1953Thesame
workersmaintainthatDDTprovidesthe65percent
mortalityrequiredforcontrollingmoderatemalariatrans
missionbyendophilicspeciesbutthatinsevereconditions
where85percentmortalityisrequireditisnecessaryto
useBHCordieldrin

Variousotherinsecticideshavebeenusedforexperi
mentalmosquitocontrolinthetropicsincludingthe
newerorganicphosphoruscompounds

TypesofFormulations
Waterwettablepowderhasbeentheformulationin

predominantuseformalariacontrolinthetropicsbe
causeofthepredominanceofmudgrasspalmbamboo
andotherabsorbentsurfacesinhumanhabitationsCon
siderabledifficultyhasbeenexperiencedinseveraltropi
calcountriesfromthedeteriorationofDDTwaterwet
tableformulationsJohnson1953Thisdeterioration
hasresultedinlossofsuspensibilitypropertiesandinsome
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instancestherehasbeenanactualchemicaldeterioration
oftheDDTbydehydrohalogenationtoDDEQuarter
man1955Difficultywasalsoexperiencedwithearly
waterwettableformulationsofdieldrinwhichwereman
ufacturedforagriculturaluseinpowersprayingequip
mentanddidnothaveadequatesuspensibilityforhand
sprayingequipmentForthisreasonseveralexperimental
dieldrinprogramsfailedforexamplealargescalediel
drinhousesprayingexperimentinSumatraJohnson
1953andadieldrinpilotprojectinthePhilippines
Subsequentlyaveryexcellent50percentwaterwettable
dieldrinformulationhasbeendevelopedandhasbeen
usedandfoundsatisfactoryinvariousfieldtestsWHO
andFOAwiththecooperationoftheUSPublicHealth
ServiceandtheUSDepartmentofAgriculturehave
sponsoredthedevelopmentofimprovedspecificationsfor
DDTformulationsandverysatisfactory75percentDDT
waterwettableformulationsarenowavailableWHOalso

hassponsoredresearchontheinteractionbetweenin
secticidesandthewallsparticularlymuduponwhich
theyaresprayedandinstitutesinvariouspartsofthe
worldarecollaboratinginthisstudyPampanaandRus
sell1955

Emulsionsandsolutionsarestillusedtosomeextentin

residualsprayingoperationsparticularlywhereabetter
gradeofhousingisinvolvedBoth75percentDDTwater
wettablepowdersand25percentDDTwateremulsifi
ableconcentratesareusedinAedesaegypticontrolop
erations

Themilitaryusesvariousformulationsformosquito
controlForexampletheNavyuses25percentDDT
emulsifiableconcentrates75percentDDTwaterwet
tablepowdersand20percentDDTairplanespray
Knight1955ThelatterisfrequentlydilutedwithNo
2dieseloilforuseinfogmachinesandforlarviciding
Ingeneralthemilitarymakesmoreextensiveuseofair
planesprayinganddoesmoregeneralpurposevector
controlincludingthecontrolofpestmosquitoes

DosagesandSprayIntervals
TheapplicationofDDTresidualsonceayearatthe

rateof200milligramspersquarefootoritsapproximate
equivalentof2gramspersquaremeteristhemostwidely
usedregimenformalariacontrolinthetropicsModifica
tionsofthisregimenarecarriedoutinvariouscountries
InCeylonwherewallsarefrequentlyreplastereddosages
of60mgsqfootmaybeappliedfiveorsixtimesayear
inPortugueseIndia50to150mgfourtimesayearin
India50mgonceortwiceayearandinSarawakDDT
isappliedtwiceayearBHCfourtimesayearDy1954
IntheantimalariacampaignintheAmericansmostap
plicationsaremadeonceayearalthoughsomesmaller
countriescontinuetospraytwiceayearAlvarado1954
Adosageofapproximately2gmDDTpersquaremeter
appliedeverysixmonthshasbeenrecommendedfor
AfricaMacDonald1953

BHCdosageshaveusuallyrangedfrom005to05gms
gammaisomerpersquarefootwitheffectivetreatment
intervalsfromafewweekstoseveralmonthsMacDon
aldandDavidson1953

Dieldrinisusuallyappliedatratesof25or50mgper
squarefootApilotprojectisunderwayinthePhilip
pinestodetermineifthe50mgdosemayremaineffective
for2yearsInsomesituations200mgsqftresidualsof
DDThavebeenfoundtoremaineffectiveforlongerthan
oneyearasforexampleagainstAnophelesaztecusin
MexicoandAminimusinThailand



Varioustechniqueshavebeeninvestigatedforreducing
dosagewithoutdecreasingeffectivenessTheseinclude
sprayingofalternatehousesThailandselectivespray
ingofsurfaceswithinhousesFormosastripspraying
Lebanonandreducingdosagefrom200to100milli
gramsThailandAlthoughsomeoftheseprocedures
havebeenusedsatisfactorilythegeneraltendencyhas
beentoleanonthesideofthoroughcoveragewithade
quatedosageThisalsohasimportantimplicationswith
regardtothedevelopmentofresistancewhichwillbe
discussedinthenextsection

IntheantiAedesaegypticampaignDDTisappliedso
astogivearesidualof2gmspersquaremeteronsprayed
surfacesoraconcentrationof2partspermillioninwater
Soper1955Dieldrinisbeingusedexperimentallyata
rateof06gmspersquaremeter

MOSQUITORESISTANCETOINSECTICIDESIN
THETROPICS

Theproblemofinsecticideresistanceisbecomingin
creasinglyimportantwithregardtomosquitocontrolin
thetropicsHess1953Initiallythiswasconsidereda
problemonlywithregardtoculicinesTheCulexpipiens
complexwasoneofthefirstandthemostwidespread
grouptoshowevidenceofDDTresistanceThishasin
manyinstancesapparentlybeenduetothefactthatthis
speciesisinherentlyrefractoryornaturallyresistantto
DDTHowevertherehavebeenvariousexamplesof
acquiredresistancesince1947whenCulexpipiensauto
genicuswasfirstreportedtoberesistanttoDDTinItaly
ThedevelopmentbyCulexfatigansofresistancetoBHC
incontrolareasofMalayahasrecentlybeendemonstrated
Reid1954

Morerecentlytherehasbeenagrowingconcernover
thedevelopmentofresistanceinanophelinevectorsof
malariaPampanaandRussell1955Thishasvaried
fromabehavioristictypeofresistanceinAnophelesser
gentiintheJordanValleyFarid1954andAalbi
manusinPanamaTrapido1954toadefiniteacquired
physiologicalresistanceinAsacharoviinGreeceBelios
1954andtheLevantGarrettJonesandGramiccia
1954andinAsundaicusinJavaCrandell1954In
thelatterinstancestheresistancehasdevelopedtoalevel
whereitisdefinitelyinterferingwiththeeffectivenessof
malariacontroloperationsWhereasitwasoriginallybe
lievedthattheexophilichabitsofAminimusflavirostris
inthePhilippineswouldpreventitseffectivecontrolby
DDTresidualhousespraysacooperativeprojectby
WHOandthePhilippineandUnitedStatesGovern
mentshasrecentlyprovidedconclusiveevidencethatma
lariatransmittedbythisspeciescanbecontrolledby
yearlyapplicationsofDDTat2gramspersquaremeter
PampanaandRussell1955Carefulobservationsfre
quentlyrevealthataspeciesofAnopheleshasgreater
contactwiththeinsidewallsofhousesthanwaspreviously
suspectedasforexamplerecentstudieswiththeA
punctulatusgroupandAkarwariinNetherlandsNew
GuineaVanThiel1954

AsintheearlydaysofDDTresistantfliesthereare
conflictingreportswithregardtocrossresistancetoother
chlorinatedhydrocarbonsbyDDTresistantanophelines
DieldrinisreportedtobeeffectiveagainstDDTresistant
AnophelessundaicusintheDjakartacoastalareaofJava
Crandell1954ontheotherhandDDTresistantA

sacharoviinGreecearesaidalsotoberesistanttodieldrin
wherethisinsecticidehidnotpreviouslybeenusedBel
ios1954AIfthepatternofresistancedevelopmentin
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Anophelesissimilartothatwhichhasoccurredwithflies
otherchlorinatedhydrocarbonswillonlyhaveverytran
sitoryusefulnessagainstDDTresistantspecies

Theincreasingdevelopmentofinsecticideresistance
callsforachangeinstrategyinmosquitocontrolinthe
tropicsparticularlywithregardtomalariacontrolAny
measureswhichresultinspottedorsublethaldosagesof
insecticideshouldbediscouragedandemphasisshould
beplacedonthoroughandadequatecoverageoverlarge
areasThismeansthatsuchtechniquesasstripspraying
alternatesprayingofhousesandreductionofinsecticide
dosagewhereverpossibleAlsoasrecommendedbythe
SecondAsianMalariaConferencewhichmetatBaguio
inthePhilippinesNovember15171954Theuseof
chemicallyrelatedinsecticidesagainstbothadultsand
larvaeshouldnotbecarriedoutsimultaneouslyinthe
sameareaexceptincasesofemergencyAshasbeen
pointedoutbyPampana1954controlprogramsshould
bedirectedtowardthoroughcoverageoverlargeareas
withtheobjectiveoferadicatingmalariabeforeanophe
lineresistancedevelopsItisnolongerlogicaltothinkof
theuseofresidualspraysasacontinuouslyrecurringop
erationlikethechlorinationofwatersuppliesandfull
considerationshouldbegiventotheinterruptionofarea
widesprayingoperationswhenasatisfactoryendpointin
malariacontrolhasbeenachieved

THEFUTUREOFMOSQUITOCONTROL
INTHETROPICS

Theworldwideeliminationofmalariaasapublic
healthproblemistechnicallyfeasiblewithinthenext
decadeanditisnotunreasonabletoexpectthatthe
diseasemayeventuallybecompletelyeradicatedSuch
eradicationofmosquitobornediseasesshouldbethe
primarygoalofmosquitocontrolinthetropicsThis
goalcanonlybeachievedthroughinternationaleffort
throughthecontinuedleadershipandcooperativeen
deavorofWHOFOAandthemanydevotedandcapa
bleworkersinthecountriesthroughoutthetropicswhere
mosquitobornediseasesareprevalent

Asmosquitobornediseasesarebroughtundercontrol
thescientificdisciplinesandexperiencesmaybeturned
tothecontrolofotherdiseasevectoringarthropodsand
subsequentlytootherbloodsuckingarthropodswhichin
terferewiththehealthandwelfareofmankindThus
mosquitocontrolorganizationsmaylogicallybeexpected
tometamorphoseintovectorcontrolorganizations

Lastlyitisimperativeinourpreoccupationwithcon
troloperationsthatwedonotfailtorecognizetheim
portanceofandtoprovidecontinuedsupportforfunda
mentalandappliedresearchMosquitocontrolwillnever
beastaticactivityandresearchprovidesthelifeblood
forprogressiveandcontinuousdevelopmentofmoreef
fectiveandlesscostlymethodstomeettheeverchanging
needs
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RESULTSOF195354FIELDTESTSWITH

INSECTICIDESFORCONTROLOF

MOSQUITOESINOREGON

ROBERTAHOFFMAN

EntomologyResearchBranchAgrResServ
USDepartmentofAgriculture

In1953and1954fieldtestswithvariousinsecticides

againstlarvaeandadultsofsnowwaterandfloodwater
AedesmostlyAcommunisDeG hexodontusDyar
fitchiiFeltandYoungsticticusMeigandvexans
MeigwereconductedintheCascadeMountainand
ColumbiaRiverareasofOregonInallthesetestsDDT
wasalsousedasastandardofcomparison
LARVICIDES

ChlordaneandHeptachlorTestsagainstthelarvae
weremadewiththeseinsecticidesintheformofemul

sionsoilsandgranulesTheliquidformulationswere
appliedwithatrombonetypesprayerattherateof46
quartsperacreandtheconcentrationswerevariedto
givedifferentdosagesoftheinsecticideThegranular
materialcontained25to5percentoftheinsecticideand
wasbroadcastbyhand

ThedatapresentedinTable1demonstratedheptachlor
tobesimilartoDDTintoxicitytolarvaeofthenon
resistantAedesofthesnowwaterandfloodwatercom
plexesChlordanewastheleasteffectivematerialwhen
appliedinanyformat005poundorlessperacrebut
whenappliedinanemulsionat01poundonsnowwater
larvaeorat02poundperacreonfloodwaterlarvaeit
provided99to100percentcontrol

Granularpreparationsofchlordaneandheptachlor
gavemortalitiessimilartothoseobtainedwithemulsions
ofthesameinsecticidesAlthoughthegranularmaterials
presentedsomedifficultyindistributionbecauseofthe
smallamountrequiredtheresultsindicatethatthewater
throughoutthepoolswasuniformlytoxicduringthe24
hourtestperiodInsituationshavingheavyemergent
foliageorbrushthegranularmaterialwasfoundtobe
particularlyconvenienttouseasitpenetratedtothewa
terssurfacewithnegligibleadherencetothefoliage

EPNGjullin1953showedEPNtobehighlyeffective
againstresistantCulexlarvaeinCaliforniaHowever
fieldtestsinlogpondsituationsinOregononnonre
sistantCulextarsalisandCulisetaincidenslarvaehave
indicatedlittledifferencebetweenEPNandDDTYates

1952demonstratedinlaboratoryteststhattheeffective
nessofEPNvariedwiththespeciesofmosquito

Aslarvicidesforsnowwaterandfloodwatermosqui
toesEPNandDDTwereappliedinemulsionsasinthe
previoustestsWatertemperaturesinthesnowwaterplots
were40to44Fandinthefloodwaterplots60to
62F

Table2showsthatEPNcausedsimilarmortalitiesof

bothAedescomplexesatmostdosagesandthatDDTgave



resultsapproximatingthoseofEPNThesimilarityofthe
resultswiththesetwoinsecticidesunderOregoncondi
tionsindicatesthatalowspeciessusceptibilitypluslow
temperaturetendstoreducetheeffectivenessofEPN
whileincreasingtheeffectivenessofDDTThusitappears
thatincoolareaswhereresistanceisnotafactorthere
wouldbelittleadvantageinusingEPNinsteadofchlor
inatedinsecticides

ADULTICIDES

LindaneandBHCWithandWithoutChlorinated
TerphenylRecentstudiesbyHornsteinandSullivan
19531954haveindicatedthattheresidualeffective
nessofLindaneorBHCcanbeextendedbytheaddition
ofachlorinatedterphenylAroclor5460Thoseworkers
furnishedseveralformulationsforevaluationagainst
snowwaterAedesincomparisonwiththeinsecticide
aloneTheseformulationscontained278percenteachof
eitherlindaneorhighgamma40percentBHCand
chlorinatedterphenylinthehighlyvolatilesolvent
rnethylethylketoneTheywereappliedundilutedasit
wasbelievedthatinthesmalldropletsofahighlycon
centratedspraytheinsecticidewouldbemoreeffectively
boundbythechlorinatedterphenylHoweverbecauseof
thesparsecoverageobtainedwithverysmallamountsof
theconcentratedsolutionsadilutespraywasincluded
inthetestsinordertoinsurebettercoverageThesprays
wereappliedon1acreplotswithaPottsSpencermist
blowerthatcouldbecarriedonthebackoverrough
mountainterrain

Mosquitopopulationsweredeterminedfrom1minute
landingcountsonthetrousersoftwomenTencounts
permanwererecordedineachplotCountsweremade
beforeandaftertreatmentinbothtreatedandcheck
areasAsnearlyaspossiblecountsinanyoneareawere
takenatthesametimeeachday

Formulation

figuresindicatepoundsof
activeingredientperacre

Milliliters

ofspray
peracre

BHC40gamma02
Alone 719

Pluschlorinatedterphenyl 719
4000

Lindane02
Alone 719

4000

Pluschlorinatedterphenyl 719
4000

Lindane10
Alone 1500

Pluschlorinatedterphenyl 1500

Lindane05inShell42e 1500

DDT02

Inmethylethylketone 1800

InNo2fueloil 1800

4000

DDT05
InShell42c 1500

10inNo2fueloil 1500
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TABLE1Effectivenessofseveralformulationsofhep
taclorchlordaneandDDTagainstsnowwaterand
floodwaterAedesmosquitolarvae2to5replicates

Dosage
pound
peracre

Percentmortalityin24hours
Heptachlor Chlordane DDT

EmulOilGranEmulOilGranEmulOil

SnowwaterAedescommunisfitchiiandhexodontus
00125 81 65 87 43

025 95 81 94 70

05 100 99 99 78
075 100

1 100 100 99

FloodwaterAedes
00125 85

025 98

05 100

075
1 98

2 100

vexanssticticusandcinereus
50 75

88 70 83 96

95 91 85 96

100 97
88 92

100 99

TABLE2EffectivenessofEPNandDDTinemulsions
againstsnowwaterandfloodwaterAedesmosquito
larvae3or4replicates

Dosage
pound
peracre

000625
0125
025
0375
05

075

51 61

44 26
82 69

99
97

95

93

97
98

88

83
95

87
65

88 90

88 82

Percentmortalityin24hours
Snowwater Floodwater

EPN DDT EPN DDT

42 30

82 91 44
90 99
94

100 99

Percentreductionafter

1day 2days 5days

38

25
79

77 78 60

75 42 57

50 23 0

78 46 80

98
63

85

95

84

71

27 49 91 68

43 59 99 84

78 68 99 99

88

85 100 100

b

84
91
b

aMethylethylketonewassolventinallBHCandlindaneformulationsunlessotherwise indicated

bInsectactivitynilinbothtreatedanduntreatedplots
cAnaromaticsolvent

92

94

100

75
96

96

TABLE3ResidualeffectivenessoflindaneandBHCaloneandwithchlorinatedterphenylincomparison withDDT

againstsnowwaterAedesmosquitoes

10days 15days

41

46

76 88

75 52
b

b

88 b

89 30 94



AsshowninTable3thechlorinatedterphenyldidnot
improvethecontrolobtainedwithlindaneorBHCalone
eitherimmediatelyorasaprolongingagentInfactin
pairedtestswiththeconcentratedspraysattherateof
02poundofinsecticidetotheacregreaterreductionswere
recordedforalongerperiodwithsprayscontaininglin
daneorBHCaloneWhentheconcentratewasdiluted

to4000mltherewasnosignificantdifferencebetween
formulationsthatdidordidnotcontaintheterphenyl
Furthernioretherewassomeindicationthattheconcen
tratedsprayswereinferiortothedilutedones

OnepairedtestinwhichLindanewasappliedincon
centratedformatarateof1poundtotheacreshowedat
least97percentreductionbothwithandwithoutthe
terphenylfor24hoursbutthereafterlindanealonepro
videdthehighercontrolthrough15daysofobservation

IncomparativetestsDDTinmethylethylketoneor
fueloilprovidedcontrolequaltoorbetterthanlindaneat
thesamerates

Methylethylketonewasfoundtobeirritatingtothe
skinofthesprayoperatorandbecauseofitshighvola
tilityintheconcentratedsolutionsconsiderablelindane
crystallizedoutonthesprayhead

MalathionandChlorthionBecauseofincreasedin

terestinorganicphosphoruschemicalsaslarvicidesand
morerecentlyinaerosolsforadultcontrolsomeofthese
materialsweretestedasresidualtreatmentsagainstsnow
waterAedesAsapreliminarytesttwo1acreplotsinthe
mountainareaweresprayedwithamistblowerwith
4000mlofanemulsioncontaining1poundofeither
MalathionorChlorthionperacreNeitherspraygavethe
immediateknockdownthathasbeenexperiencedin
sprayingmountainplotswithothermaterialsnorwas
thereductionparticularlyhighafter24hoursHowever
Malathiongaveagreaterreduction71percentthan
Chlorthion32percentAfter5daysthetwomaterials
gave82and89percentcontrolbutthereaftercontrol
wasnegligibleThusitisindicatedthatwhenappliedat
therateof1poundperacreMalathionandChlorthion
areinferiortothechlorinatedhydrocarbonsasresidual
applicationstofoliageforthecontrolofmountainAedes
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CHEMICALCONTROLOFMOSQUITOESIN
CALIFORNIA

AFGEIBManager
KernMosquitoAbatementDistrict

Wehavenowbeenusingthesocallednewerinsecti
cidesinmosquitocontrolfor8yearsanditseemsboth
timelyandpertinenttoreviewthehistoryofusageduring
thisperiod

Therehasbeensuchawiderangeandvariationinthe
useoftoxicantsandmethodsofapplicationinthe53
mosquitocontrolagenciesinCaliforniathattimehere
willjustnotpermitcoverageofthefieldImightstate
inadditionthatitwouldperhapsrequiresixmonthsof
realworktogetallofthenecessarydatacompiledand
properlyevaluatedThereforeIwillattempttocoverin
detailahistoryoftheuseofinsecticidesintheKernMos
quitoAbatementDistrictfrom1945uptothepresent
timeandthengeneralizeontrendsinthevariousregions
ofthestate

Firstforthebenefitofthosewhoarenotfamiliarwith
mosquitocontrolinCaliforniaIshouldpointoutthat
theuseofinsecticidesinCaliforniaisprimarilyaslarvi
cidesandsecondlyasadulticidesappliedasaerosolor
sprayLittlecontrolisattemptedbytheresidualspray
techniqueforcontrolofadultmosquitoes

ItwasaboutMayorJuneof1946thatDDTfirstbe
cameavailabletotheKernDistrictinanyquantityAt
thattimeaconsiderableamountwaspurchasedfromthe
WarAssetsAdministrationThisoriginalpurchasewas
emulsifiableDDTandalthoughtheformulationwasnot
knownitswaterstablecharacteristicsprovedittobe
verysatisfactoryformostconditionsencounteredinthe
districtThismaterialusedasalarvicidewasappliedas
awateremulsionbyhandandpowerpumpsandbyair
planesprayingatanaveragerateofapproximately33
lbsperacreatvolumesrangingfrom1gallonto10gal
lonsperacre

DrydustwastestedbygroundapplicationwithaRoot
powerdusterbutatevenrelativelyheavydosagesre
sultswerenotgenerallysatisfactoryA3drydustat
46lbsperacrealsowastriedbyairplaneapplication
thatseasonbutagainresultswerehighlyunpredictable

Alsoattemptedin1946wasamethodofcontrolling
AedesspeciesbyasocalleddripsystemThatisbyin
troducingtheemulsifiableconcentratedirectlyintothe
streamofirrigationwaterThiswasfirstattemptedon
severalduckpondsandalthoughagreatdealofme
chanicaldifficultywasencounteredinearlytrialsresults
wereveryencouraginganditwasdecidedtoattempt
controlinthissamemanneronalargerscalethefollow
ingseason

OilsolutionsofDDTweretestedbyairplanehand
andgroundequipmentbutresultsasobtainedinKern
Countyindicatednoadvantageovertheemulsionseither
toxicallyoreconomicallyThereforefollowingrepeated
trialswithoilsolutionsduring1946andagainin1947
thisdistrictdiscontinuedtheuseofoilsolutionsasbeing
lesssatisfactorythanemulsifiableDDT

Forthe1946seasonthedistrictused3233lbsofDDT
appliedatanaveragerateof33lbstotheacreEmul
sifiableformcametobethepreferredmaterialandthe
mostcommonlyusedhoweverdrydustwettabledust
andoilsolutionsweregivenextensivetrial

In1947theDDTpurchasedfromtheWarAssetsAd
ministrationwasuseduntilthesupplyranoutinAugust
Afterthatagreatdealofdifficultywasencounteredin



findinganemulsifiableconcentratewithwhichwecould
obtainconsistentlysatisfactoryresultsThisdifficultywas
finallynarroweddowntoinsufficientstabilityofmost
commercialformulationsinpartduetotheuseofsoaps
asemulsifyingagents

Furthertestswereattemptedduring1947tocontrol
AedeslarvaebydirectintroductionofDDTintoirrigation
watersManyofthemechanicaldifficultiesofthedrip
systemwereovercomebyusingasyphonprincipleanda
suitable emulsifiable concentrate became available

throughalocalmanufacturerMethodsandratesre
mainedaboutthesameasfinallyevolvedinlate1946
namelylarvicidalapplicationofaqueousemulsionsof
DDTat3lbsperacreDuringtheyearthegrossquan
tityusedamountedto10094lbs

Basedonthepreviousyearsexperienceswebeganthe
1948seasononaveryoptimisticnoteLarvicidingmeth
odsandratesofapplicationhadbecomewhatwethen
thoughttobewellestablishedInadditionthemany
trialsandimprovementsdevelopedonthedripsystem
during1947culminatedintheadoptionofthislarviciding
techniqueasapermanentmethodofcontrolontwo
ranchesnearBakersfieldin1948Oneoftheranches

covered557acrestheother200acresCompletecontrol
oflarvaewasobtainedontheseranchessolongasthe
DDTwasappliedintotheirrigationwateratarateno
lessthan15ppmNoresidualactionwasobtainedatthis
dosageAfterDDThadgivensatisfactoryresultsat15
ppmforseveralmonthsafailurewasnotedThedosage
wasthenincreasedto2ppmandlaterto25ppmbut
stillfailedtokillfirstandsecondinstarlarvaeThefield

wasthensprayedbyairplaneat4lbsperacrebutagain
failedtokillevenfirststageAedeslarvaeIthinkitisof
interesttomentionatthispointthatitseemedtousthat
4lbsperacrewasanexcessivedosageofDDT

Inthelightofourpastexperiencesitnowseemsrea
sonabletoassumethatthisranchwouldlogicallybethe
firsttoindicateresistanceasmanyapplicationswere
madeatsublethalorminimumlethaldosagesFortu
natelywehadbeentestingothertoxicantsduring1947
and1948Amongthesetoxapheneseemedmostpromis
ingWhenresistancetoDDTappearedontheaforemen
tionedranchestoxaphenewastriedandprovedhighly
successfulItthenbecamethelarvicideusedonthese

ranchesduringtheremainderof1948Duringthatyear
thedistrictused9796lbsofDDTat29lbstotheacre

In1949resistanceappearedatafewotherlocations
wherethedripsystemoflarvicidinghadbeenemployed
anditwasduringthisyearthatsuchlarvicidaltreatment
wasabandonedDDTresistanceseemedtobeappearing
atadditionalwidelyscatteredlocationswhereonlythe
standardsprayapplicationshadbeencarriedonAsa
consequencetoxaphenereplacedDDTasthepreferred
insecticideinthoseportionsofthedistrictwhereresistance
wasencounteredInotherpartsofthedistrictwhereDDT
hadnotbeenusedsoextensivelysuchasareasrecently
annexedDDTcontinuedtobeusedasthestandard
larvicide

Furthertestingoftoxicantsduring1949indicatedthat
aldrinmightbesuccessfullyusedasasubstituteinsecti
cideshoulditbenecessaryDuring1949thedistrictused
9321lbsofDDTatarateof33lbsperacreand4300
lbsoftoxapheneatarateof25lbsperacre

In1950thefifthyearthatthedistricthadbeenusing
chlorinatedhydrocarbonlarvicideswebeganoperations
usingtoxapheneasthepreferredinsecticideHoweverto
furtherevaluatethesuccessfultrialsmadewithaldrinthe
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previousyearthismaterialwasusedbyafewselected
operatorsduringthegreaterportionoftheseasonand
provedtobehighlysatisfactoryItwaslatein1950that
weexperiencedquestionableindicationsofresistanceto
toxapheneDuring1950thedistrictused6844lbsof
toxapheneat25lbsperacreand2245lbsofDDTat
33lbsperacre

In1951toxaphenecontinuedtobetheprimaryin
secticideusedeventhoughindicationsofresistanceto
thischemicalhadappearedlatetheprecedingyearHow
everbecauseofthisaldrinwasusedstillmoreextensively
thanduring1950ItwasinJulyandearlyAugustof1951
thatseriousresistancetobothtoxapheneandaldrinap
pearedinseveralareaswithinthedistrictTothefield
operatorsresistanceofCulextarsalisseemedmuchmore
pronouncedthanthatencounteredintheAedesspecies
WhileitwasstillpossibletocontrolAedesnigromaculis
larvaethefieldoperatorswerebeingforcedmoreand
moreastheytermedittoturnthewaterwhitewith
toxaphenebeforeanyappreciablekilloftarsaliscouldbe
noted

Fortunatelylaboratoryandfieldtestinghadbeen
startedthatseasontodetermineasbestaspossiblewhat
degreeofresistancewasactuallypresentintheKernDis
trictandotherareasoftheSanJoaquinValleyThis
projectwassuccessfullycompletedthroughthecoopera
tiveeffortsoftheUnitedStatesDepartmentofAgricul
turesMrGjullinandpersonnelfromtheCaliforniaMos
quitoControlAssociationtheBureauofVectorControl
andtheKernMosquitoAbatementDistrictAstheseason
progressedandtestswerecompletedabetterunderstand
ingoflarvalresistancewasunfoldedThefactsobtained
werebothinterestingandalarmingPerhapsthemost
noteworthyofMrGjullinsstudieswashisproofthatnot
onlywerecertainstrainsoflarvaeresistanttoDDTtoxa
pheneandaldrinbutalsotoseveralofthechlorinated
hydrocarbonswhichhadneverbeenusedgenerallyin
CaliforniaformosquitocontrolpurposesHisworkdis
closedthatexistingresistancevariedfromseveraltimes
to1300timesnormalinfieldcollectedCulextarsalisIt

alsowasnotedthatanLD50didnotalwaysindicatewhat
mightbeconsideredthetruepictureofthedegreeofre
sistanceThisfactwasillustratedbyonestrainoflarvae
whichprovedonanLD50basistobe17timesresistant
toDDTwhileonanLD90basisresistanceofthissame
strainwasover100timesindicatingasmallpercentageof
thepopulationtobeextremelyresistantDuringSeptem
berof1951evidenceofthefutilityofanyfurthercontrol
withchlorinatedhydrocarbonsonthevariousduckclubs
becameapparentafterdieldrinwasappliedononepond
attherateof2lbsperacrewithoutnoticeablekillofany
ofthelarvalstages

Atthattimewewereallapprehensiveconcerningthe
prospectsofnextseasonsoperationsbutwehadlittle
ideaoftheseeminglyhopelesssituationwhichwastoexist
thenextspringItwasthenhoweverthatweobtained
fromDrMetcalfahalfgallonsampleofanewphosphate
EPNThiswasnearthecloseoftheseasonandwith

outanypreliminarylaboratorytestingitwasappliedby
airplaneattherateof05and1lbstotheacreResults
were100killonresistantCulextarsalislarvaeSeveral
moretestsweremadeat025lbsperacreandagain
resultswere100killAfreezeandcontinuedcold
weatherpreventedanyfurthertestingfortheseason
During1951thedistrictused16112lbsoftoxapheneat
35lbstotheacreand2090lbsofDDT

Therewasnoshortageofexperimentalplotsthefol



lowingspring1952asthousandsofacresoflowland
adjacenttotheKernRiverwerefloodedbywatersfrom
themeltingofarecordsnowpackinthemountains
Culextarsalislarvaeappearedthroughouttheentire
floodedareaInanattempttocontroltherampantbreed
ingtoxapheneBHCDDTaldrinanddieldrinwereall
triedbutlittlesuccesswasexperiencedwithanyofthese
chlorinatesandwehadtorelyuponlarvicidaloilsusing
almost100000gallonsthroughJuneAldrinwasstillsuf
ficientlyeffectiveonAedesspeciesandwasusedfortheir
controlduringthisperiodDuringthespringandearly
summermonthstheaforementionedagenciesagainco
operatedandcompletedapproximately80experimental
plotsmalathionNPDandEPNbeingtheprincipaltoxi
cantstestedIntheirrespectivedosagecategoriesallap
pearedpromisingInJulyourfirstshipmentofemulsifi
ableEPNarrivedItwastheonlyinsecticideusedforthe
remainderoftheseasonandprovedmostsatisfactory

Inconjunctionwithlarvicidalfieldtestingcholines
teraseactivitychecksweretakeneverytwoweeksonthree
fieldoperatorsusingEPNroutinelyaswellasonthe
pilotandentomologistsduringthetestingOverathree
monthsperiodtherewerenoindicationsofinhibited
cholinesteraseactivityinanyofthesemenAstudyalso
wasmadetodeterminewhatamountofEPNifanywas
depositedasaresidueonpasturegrassesSampleswere
takenjustbeforeand24hoursafterapplicationDuring
threemonthsofinvestigationsinvolving6irrigationsand
treatmentsnophosphatewasrecoveredInsecticideusage
during1952wasasfollows1400lbsofEPNat075lbs
peracretoxaphene1749lbsat4lbsperacrealdrin
2343lbsat1lbperacre

The1953seasonpassedwithoutanynoteworthyevi
denceofresistancetoEPNtheinsecticidebeingused
Laboratoryandfieldtestingoftoxicantscontinued
throughtheseasonindicatingthatchlorthionmalathion
andparathionwerepromisingmaterialsthatmightbe
usedformosquitocontrolpurposesMinimumeffective
fieldapplicationratesofthesematerialsprovedtobeas
follows

EPN

Parathion
Chlorthion
Malathion

040lbsperacre
050lbsperacre
15 lbsperacre
4 lbsperacre

During1953EPNwasthetoxicantusedat075lbsper
acreandatotalof2627lbswereappliedinthedistrict

Inearly1954welearneddefinitelythatemulsifiable
EPNwouldnolongerbecompoundedandtherefore
wouldnotbeavailableUnfortunatelychlorthionwas
notavailableinmorethanresearchquantitiesandal
thoughmalathionwasavailableitsapplicationat5lbs
peracrewouldhavecostoveradollarperacreormore
thandoublethecostofapplyingEPNat075lbsper
acreEPNwasstillavailableinwettabledustbutour
sprayunitswerenotequippedwithmechanicalagitation
Parathionwasavailableinunlimitedquantitiesandwas
comparativelyinexpensivehowevertherewasageneral
feelingofreluctanceinplacingitintothehandsof25to
30operatorsConsideringallfactorsinvolvedthenitap
pearedthatthemostlogicalmovewouldbetoequipour
sprayequipmentwithfluidagitationforusingwettable
EPNanduseemulsifiableparathionintheairplaneThese
formulationswereusedallduringtheseasonwithoutany
seriousmisgivingsThewettableEPNwhilebeingasat
isfactorytoxicantwasveryundesirabletouseThefluid
agitationleftsomethingtobedesiredinkeepingthedust
inaqueoussuspensionandthedustprovedveryabrasive

84

onpumppartsandnozzlesAsaconsequencewedonot
intendtousethedustnextyear

Asofthepresentwearenotcertainwhatinsecticide
wewillusenextyearIfchlorthionisavailableatacom
petitivepricewewillmostlikelyuseitinourground
equipmentbecauseofitslowmammaliantoxicityIfitis
notavailableatareasonablecostitseemsmostprobable
thatwewilluseparathioninbothgroundequipmentand
airplanesprayingWewillnotplaceitintothehandsof
ourfieldoperatorshoweveruntilallnecessaryadjust
mentsaremadeforsafehandlingoftheemulsifiable
concentrate

InsummarizingtheuseofinsecticidesintheKernDis
trictfrom1945tothepresenttimewefindthatDDT
wasusedasalarvicideinemulsifiableformatanapproxi
materateof25to33lbsperacrebeginningin1946
anditsusewasdiscontinuedgenerallyin1951

ThefirstresistancetoDDTappearedinlate1948ina
fewselectedlocationsThereafterresistancetothischemi
calgraduallyspreadthroughoutthedistrictduring1949
and1950aswellasbecomingmuchmorepronounced

Aqueousemulsionsoftoxaphenewerefirstusedasa
larvicidewhensubstitutingforDDTinafewselected
locationsduringthelate1948seasonThismaterialap
pliedat33lbsperacregraduallytooktheplaceofDDT
during1949andlargelysupplantedDDTduring1950
and1951

Inadditiontotoxaphenealdrinalsowasusedtosome
extentduring1950at1lbsperacreItwaslate1950
whenthefirstindicationsofquestionableresistanceto
toxapheneappearedDuringthefirsthalfof1951both
toxapheneandaldrinwerebeinguseduntilmidseason
whenresistancetobothmaterialsbegantoappearItwas
inthefallof1951thatapplicationsofdieldrinproved
ineffectiveandthetestingprogramshowedahighdegree
ofresistancetochlorinatedhydrocarbonsnotpreviously
used

Inallagrossof36779lbsofDDTwereusedduring
1946through1950agrossof29005lbsoftoxaphene
during1948through1951andagrossof2433lbsof
aldrinduring1950through1952Thisamountedtoa
totalof68217lbsofchlorinatedhydrocarbonsusedby
thedistrictfrom1945through1952whensuchahigh
degreeofresistancehadbeendevelopedtoallchlorinated
hydrocarbonsthattheycouldnolongerbeusedeffectively

During195253and54thephosphateEPNhas
proventobeahighlyeffectiveinsecticideandthispast
seasonparathionhasprovenexceptionallygoodbutout
useofithasbeenlimitedtoaerialapplication

ExperiencesofothermosquitocontrolagenciesinCali
forniahavenotnecessarilyfollowedthesamepatternas
thatoutlinedfortheKernDistrictYettherehasbeen

somewhatthesametrendinuseoftoxicantsparticularly
soonaregionalbasis

Theseregionswhereecologicalconditionsaresimilar
canbegenerallydefinedastheSanJoaquinValleySac
ramentoValleyandCoastalareas

TheKernDistrictisthemostsoutherlyofthemosquito
abatementagenciesintheSanJoaquinValleyDistricts
inthisregionhavemorecloselyparalleledthepattern
experiencedbyKernthanhavecontrolagenciesinthe
othertworegionsSomeofthemhaveencounteredre
sistancetoDDTandotherchlorinatedhydrocarbons
althoughatthenorthernendoftheSanJoaquinValley
adequatetestshavenotbeenconductedtodeterminethe
degreeofresistancetothechlorinatesItisinterestingto
notehoweverthatwhereinitiallytheyusedDDTata



rateofapproximately25lbsperacreitisnowcommon
practicetouse1lbtotheacre

Thisregionalsoboaststhedubiousdistinctionofhav
inganumberofdistrictssubstitutingphosphatesforthe
chlorinatesintheircontrolprogramsOf15districtsin
theregion13areusingsomephosphatelarvicidesand
ofthese6areusingthemalmostexclusivelyFourdis
trictsuseparathionbybothgroundandairplaneequip
mentwhere3useitinplaneswitheitherEPNormala
thionappliedwithgroundequipmentThereare4dis
trictswhohaveusedonlymalathionofthephosphate
groupandthenusuallyonlytosupplementtheirchlori
natematerials

ImmediatelynorthoftheSanJoaquinistheSacra
mentoValleyregionHerethereseemstobenoconfirmed
evidencebyadequatetestingofresistancetoDDTor
otherchlorinatesalthoughsomeagenciesarereporting
averyhighresistancetoDDTwhereformerlytheyob
tainedgoodresultswithabout25lbstotheacreSome
malathionwasusedinthisregionduringthepastseason

Inthecoastalregionthereseemstobelittleifany
evidenceofresistancetoDDTorotherchlorinateswhich
areusedinbothaqueousemulsionsandoilsolutions
Ratesofapplicationmayhavebeenincreasedsomewhat
duringthepastfewyearsandareranginggenerallyfrom
5lbto20lbsperacreonsaltmarshesinordertomeet
thewidevariancesinalkalinityanddissolvedsubstances
occurringinsuchwatersourcesSomephosphateisbeing
usedinthisregionprimarilymalathion

Inthelightofexperiencesofthepast2or3yearsit
seemsevidentthatphosphatesaresucceedingchlorinates
formosquitolarvicidingpurposesparticularlyintheSan
JoaquinValleyThisisapparentlytheresultofmosqui
toesespeciallyCulextarsalisdevelopingresistanceto
variouschlorinateswheretheyhavebeencontinuously
usedforperiodsfrom3to6yearsDuringthepastseason
fourdistrictsusedparathionbygroundandaerialappli
cationwhileanadditional3useditbyplanealongwith
eithermalathionorEPNforgroundapplicationNoacci
dentsorilleffectswerenotedeventhoughparathionin
particularisextremelytoxictomammalsbyacutepoi
soningItseemsthereforethatifallpersonnelhandling
thismaterialareproperlyinstructedinitsuseandmaxi
mumprotectionisprovidedthemitcanbeusedwithout
toogreatahazardandmoreeconomicallythansomeof
thechlorinates

Astotheproblemofchronictoxicitymanyphosphates
haveanadvantageoflimitedornoresidueproblemas
comparedtomostofthechlorinatesAsamatteroffact
iftheycanbesafelyhandledbytheoperatorswhenused
asamosquitolarvicidethephosphatesshouldpossibly
havepreferenceoverthechlorinatesbecauseoftheresid
ualpropertiesofthelatter

TolerancesforPesticideResiduesproposedbytheUS
DepartmentofHealthEducationandWelfareFoodand
DrugAdministrationintheFederalRegisterforOctober
201954are

0noresiduepermittedforcalciumcyanide
DNOSBPDNOCTEPPHCNmercury
nicotineandselenium

01ppmforaldrinchlordanedieldrinand
heptachlor

1ppmforcombinedleadinleadarsenateon
citrusDN111naphthaleneasceticacid
andparathion

3ppmforEPN
35ppmforcombinedarsenictrioxideinar
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senicalsandcombinedantimonytrioxide
intartaremetic

5ppmforBHC24Dand2heptadecylgly
oxalidine

7ppmforDDTferbamcombinedfluorine
combinedleadarsenateotherthanon
citrusphenothiazineTDEtoxaphene
zinebandziram

10ppmforlindane
14ppmformethoxychlor

Thesearenotblankettolerancesbutapplyonlyto
specificfruitsandvegetableslistedintheproposedregu
lationsYetreplicatedheavydosagesoflongresidue
chlorinateswhenappliedformosquitolarvicidingpur
posescertainlyaffordapotentialtoxicologicalhazard

InrespecttothisproblemIquoteDrAJLehman
ChiefDivisionFood DrugWashingtonDCfrom
hisreportConservatisminEstimatingtheHazardsof
PesticidalResidues

Theallusiontofatalornonfatalillnessesattributed

toinsecticidescarrieswithittheimplicationofanacute
exposuretopesticidalchemicalsThiscanoccurinpeople
whoapplythenewpesticidesThehazardsinvolvedare
prettyobviousandcanbecorrectedItismoredifficult
toevaluatethemoresubtleeffectsofthesechemicalsand
thegroundforuneasinessrestsinthefactthatsomeof
thenewerinsecticidesareintroducedintocommercial

practicebeforesufficientpharmacologicalstudieshave
beencarriedoutforanadequateevaluationofthechronic
effectsEvenwhenthechroniceffectsarefairlywellun
derstoodtheproblemofmoreextensiveuseofaparticu
larpesticidenewusesoritscarryoverintootherfood
productsasanunintentionaladditiveisalwayscausefor
concern

Pesticidescreatingthisdisquietingsituationarethose
thatarepersistentandlikelytoleavesignificantresidues
andwhosechemicalnatureissuchthattheyoratoxic
metaboliteorbotharestoredinthebodyDDTisagood
exampletoillustratethisInourworkonDDTwehave
foundthatwhenratsarefedtheinsecticideatalevelof

5partspermillioninthetotaldietforseveralmonths
definitethoughminimalliverdamagecanbedemon
stratedintheseanimals

IfagriculturalcropsweretheonlysourceofDDT
residueswecouldreadilysubscribetothereasonableness
ofthebeliefthatthereisnoevidenceofdangerarising
fromtheeatingoffoodstreatedwithcropprotecting
chemicalsBythesametokenwecouldnotsubscribeto
theunsoundopinionthatthepublicisbeingsubjected
tomasspoisoningHoweverasnewusesforDDThave
developedthepossibleamountcapableofbeingingested
isincreasedTheuseofDDTindairybarnsanditsap
pearanceinthemilkapplicationsinfoodprocessing
plantswherecontaminationmayresultandasatreat
mentforfoodpackagingmaterialstopreventinvasionof
thefinishedproductbyinsectsallcouldbeadditional
sourcesofcontaminationUndertheseconditionsapres
entlyminimalexposurecouldmaterializeintoaserious
situationandtheneedforcautioniseverpresent
InthisconnectionitmaybementionedthattheFood

andDrugAdministrationrecentlymadeasurveyinwhich
75samplesofhumanfatwereanalyzedforDDTDDTor
ametabolitewasfoundinallbut15samplestheaverage
being5ppmbutin9samplestheconcentrationranged
between10and20ppm

Allbut2of32samplesofhumanmilkalsorevealed
thepresenceofDDTtheaverageconcentrationbeing



013ppmItmaybeaddedthatnoneofthesubjectswas
occupationallyexposedtoDDTthereforewecanassume
thatcontactwiththisinsecticidecamethroughthefood
orpossiblythroughtheoccasionalsprayingdoneinthe
houseorgarden
Ithasbeenourgeneralphilosophythatwhenever

evidencecomestolightindicatingthatacompoundits
degradationproductoritsmetaboliteisstoredinbody
tissuethecompoundbecomessurroundedwithanele
mentofdoubtregardingitstoxicityespeciallyonthebasis
oflongtermexposureWehavelongstressedtheim
portanceofthefactthatstorageandabilitytoinjure
tissuesgohandinhandDDTforexampleisstoredin
thefattytissuesoftherattheanimalmostextensively
studiedattherateof6to14timestheintakeintherange
of5to10ppminthedietAsalreadystateddefinite
thoughminimalliverdamageisnotedat5ppmWhen
ratsarefedchlordaneat2ppmchlordaneorachlor
danelikesubstanceattainsalevelinthefatofabout36

timestheintakeTheleveloffeedingwhichwillproduce
minimalliverdamagehasnotbeenaspreciselydetermined
forchlordaneasforDDTbutitissomevaluearound
214ppmMethoxychlorontheotherhandisnotstored
undernormalconditionsandtheleveloffeedingmust
reach200ppmormorebeforeanyinjuriouseffectcan
benotedintheanimals

Notonlymuststoragebeconsideredbutthedegrada
tionproductormetaboliteanditsbehaviormustbetaken
intoaccountalsoAtonetimeitwasgenerallybelieved
thatwheneveratoxicsubstancewasabsorbedthebody
wascapableofcallinguponspecialmechanismsforde
toxifyingthetoxicantItwasbelievedalsothatthemetab
olicpathwaythatthetoxicantfollowedalwaysproceeded
inthedirectionoftheformationofalesstoxiccompound
Laterworkonthemetabolismofdrugsandtoxicsub
stancesshowedthatspecialmechanismsdidnotexistbut
thatthetoxicantwassubjecttothesamemetabolicin
fluencesasthosewhichnormallyoperateinthebodyThe
assumptionthatthemetabolicproductwaslesspoisonous
thantheparentsubstancefromwhichitwasderivedalso
isunwarrantedsimplybecauseinmanyinstancesthe
toxicityofeithertheoriginalsubstanceanditsconversion
productisunknownInotherinstancesthemetabolic
productisevenmorepoisonousthanitsparentThecon
versionproductheptachloroperoxidewhichistwoor
threetimesmorepoisonousthantheparentsubstance
heptachlormaybecitedasanexampleofthis

LetusagainconsiderDDTinlightofthesefactsA
recentreportshowsthatthematerialstoredafterthein
gestionofDDTisnotallDDTbutisinpartDDEdi
chlorodiphenyldichloroethyleneThereporttendsto
minimizetheimportanceofthestoragephenomenon
sinceDDEissomewhatlesstoxicthanDDTAstillmore

recentexperimentonDDTresistantfliesshowsthatthe
presenceofDDEinthebodyincreasesthetoxicityof
DDTbyslowingdownitsmetabolismThisisbythelaw
ofmassactionwhentheendproductsofareactionpile
upthereactionslowsdownSimilarexperimentshavenot
yetbeenperformedonwarmbloodedanimalsbutthe
aboveobservationscastdoubtontheinferredharmless
nessofDDEstoredinanimalfat

Insummaryitisnotafactthatthesmallamounts
ofinsecticidalresiduesmannowingestsareharmless
therearenounimpeachabledatathatcanprovethiseven
beyondareasonabledoubtFactsaboutacutetoxicitydo
notapplytotheargumentatallConservatismtoserve
asabrakeforindiscriminateuseofinsecticidesshould
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governallactionsatthepresenttimeIntakingacon
servativeattitudethereisnonecessitytorestricttheuse
ofinsecticidesbelowlimitswheretheywouldservea
usefulpurposeButtheattitudeshouldbestrictlymain
tainedthatarelaxationofcontrolsisnotjustifiedonthe
basisofpresentscientificknowledge

ASUMMARYOFHUMANEXPOSURESTO

MALATHIONANDCHLORTHIONDURING
AEROSOLINGOPERATIONS

DWIGHTCULVERANDPAULCAPLAN

BureauofAdultHealth
CaliforniaStateDepartmentofPublicHealth

GORDONSBATCHELOR

WenatcheeFieldStationCommunicableDiseaseCenter
USPublicHealthService

Thisisthesummaryofacompanionstudytothatby
CMGjullinandRichardFPetersreportedunderthe
titleTheEffectivenessofSomeOrganicPhosphorus
andOtherInsecticidesasAerosolsAgainstMosquitoes
Theabovestudyprovideduswiththeraceopportunity
toinvestigatehumanexposuretotworecentlydeveloped
organicphosphoruscontaininginsecticidessinceinthe
performanceoftheirworktheentomologistwouldbeex
posedtothesematerials

Instudyinghumanexposurewehadfivemainob
jectives

1Toinsurethatnoserioustoxiceffectsofexposure
tomalathionandchlorthionwouldoccurtomen

duringtheirfieldstudyofthemosquiticidalprop
ertiesofthesetworelativelyneworganicphos
phateinsecticides

2Toobtainanestimateofhumantoxicityofmala
thionandchlorthion

3Toobtainameasureofairconcentrationsofan
insecticideaerosolatvariousdistancesfromthe

sourcecorrelativewiththeequipmentused
4Tostudythemagnitudesofexposuretodifferent

partsofthebody
5Toobtainifpossibleanestimateoftheriskto

humansemployedregularlyinmosquitocontrol
whileusingthesematerials

MATERIALSANDMETHODS

Toachievetheobjectivesofthisphaseofthestudya
medicalenvironmentalteamwasassembledconsistingof
industrialhygieneengineersanalyticalchemistsphysi
ciansclinicallaboratorytechniciansandnurses

Airsamplingatthebreathingzoneofthemembersof
theentomologicalteamwasdonebytheengineersusing
glassmidgetimpingerstoestimateinspiratoryexposure
Absorbentcellulosepadswereplacedonvariouspartsof
thebodiesoftheentomologistsandacottonglovewas
usedononehandtomeasureskinexposureofthesemen
Theresultsofthesetwotechniqueswereusedtogivea
measureofexposureforeachmemberoftheentomologi
calteam

Chemicalanalysesofmalathionsampleswereper
formedaccordingtomethodsdevelopedbytheAmerican
CyanamidCompanychlorthionsamplesbyamodifica
tionoftheAverellNorrismethodAllpatcheswereana
lyzedbythetotalphosphorusmethod

Bloodcholinesterasedeterminationsandphysicalex
aminationsweredonedailyduringtheperiodsofex



posureArrangementsweremadeforcompleteemer
gencymedicalcareincaseofaccidentalpoisoning
MEDICALDATA

Twentythreeaerosolingrunsweremadewithmala
thionduringaperiodoftwoweeksFourteenaerosoling
runsweremadewithchlorthionduringthesucceeding
week

DuringtheserunsonemanJKweight65kilograms
drovethejeepcarryingtheHusmangeneratorandor
towingtheBeskilgeneratorThismanalsodidmuchof
theformulatingandfillingofthetanksofthegenerators

CGweight75kilogramsassistedinformulatingand
directedapplicationbywalkingbehindoronthewind
wardsideofthejeepduringboththemalathionandchlor
thionapplications

WJweight78kilogramsmadepreapplicationmos
quitocountsinthefieldtobeaerosoledthenwassta
tioned10yardsdownwindfromthelineofapplication
duringthepassageoftheaerosolcloudtoobserveimme
diateeffectsoftheinsecticidesontheadultmosquitoes
Atvaryingtimeintervalshethenmademosquitore
countsofthefieldstreatedHewasexposedtomalathion
only

JLweight79kilogramsdidworkidenticaltothatof
WJexceptthathewasstationedat17yardsfromthe
lineofapplicationduringtheaerosolingoperationand
wasexposedtomalathionandchlorthionDuringthe
chlorthionexposureshisstationwas10yardsfromthe
lineofapplication

BMweight64kilogramswassimilarlyoccupiedbut
wasstationedat25yardsandwasexposedonlyto
malathion

GCweight84kilogramswasexposedonlytochlor
thionandduringactualaerosolingoperationswassta
tioned17yardsfromthesource

EMweight74kilogramswasexposedonlytochlor
thionandwasstationed25yardsfromthesource

Duringallperiodsofexposurethemenwerewell

TABLEI

MERCEDINSECTICIDESTUDY1954

MalathionExposureData

Total
skin

expos

Operators Mg

JK 3286

CG 614

WJ10yds713
JL17yds714
BM25yds710

Operators Mg

JK 915

CG 15

JL10yds 2

GC17yds 1

EM25yds 1

TotalSumofexposAv
inspperiodsduringair
expos23sprayrunsconc
Mg Hrs Mgm

1121

912

25

12

2

523

507

423

391

487

ChlorthionExposureData

Total

skin

expos

Highest
air

conc

Mgm

24 56

23 56

51 51

5 8

5 11

TotalSumofexposAvHighest
inspperiodsduringair air

expos14sprayrunsconcconc

Mg Hrs MgmMgm
3 258 15 11

5 212 26 27

23 431 67 12

23 408 68 20

24 398 813 14
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clothedwearinghatslongkhakitrousersandlongsleeved
shirtswithcuffsbuttonedaroundthewristsandcollars

buttonedatthethroatOccasionallyneckerchiefswere
alsoworn

Exposureperiodswerebriefrangingapproximately
from30secondsto25minutesTheyweredistributed
ratherevenlythroughoutthespansoftimedevotedto
eachinsecticideThesumoftheseperiodsforeachman
ispresentedinTable1

Table1alsogivesfiguresforestimatedtotalamounts
ofmalathionandchlorthiondepositedontheexposed
skinofthesemenandinspiredthroughtheirnostrils
Figuresforamountsinspiredthroughnostrilsaresubject
toconsiderablequestiononthebasisofcertaintheoretic
considerationsThesetheoreticconsiderationsarebeing
investigatedinseverallaboratoriesatthepresenttime

Someexposuresarereportedasrangesbecauseocca
sionalsingleunmeasuredexposureswereestimatedby
takingfromsimilarexposureswhichweremeasureda
meanfigureplusandminusonestandarddeviation

Inanswertoourfirstobjectivethewelfareofthemen
duringtheexposureperiodsformalathionandchlorthion
noneoftheclinicallaboratorydeterminationsorobserva
tionsobtainedbyphysicalexaminationvariedoutside
generallyacceptednormallimitsInshorttherewasno
indicationthatanyofthemenshowedanyphysiological
orpathologicalvariationsascribabletoacholinergic
material

Withregardtooursecondobjectivewehavenota
measureofhumantoxicitybutratherameasureofa
levelofexposurethatdidnotcauseclinicalhumanin
toxication

Attemptstogainourthirdobjectivethemeasurement
ofairconcentrationresultedinafewtentativeconclu
sionsWindbomeaerosolcloudsgeneratedinthefield
havenouniformconcentrationsthuspresentingadiffi
cultsamplingproblemForthisreasonairsamplingwith
themidgetimpingerat10172550and75yardswas
startedpriortothearrivaloftheaerosolcloudandcon
tinuedforaperiodoftimefollowingvisualevidencethat
themovingaerosolcloudhadpassedbySincesampling
wasdonefromstationarypointsthecurveinthefollow
inggraphplottingtheaveragenumberofmicrogramsin
theimpingersamplesagainstdistancefromthesourceof
theaerosolillustratesanimportantconceptItmaybe
seenthatbetween10and75yardsamountsrangingfrom
215microgramsto13microgramswerefoundFromthis
wemayconcludethatverysimilaramountsofmaterialin
awindborneaerosolcloudpassbyastationarypointwith
outregardtovariationsinconcentrationtimeordis
tancefromsourceWithinwhatlimitsthisconceptmay
betrueisasyetunknown

Itwasfoundthattherewasnosignificantvariationin
amountscollectedbytheairsamplingdevicecorrelative
withtimeswhenconcentrationoftheformulationorap
plicationratewereincreasedbyasmuchasfourfoldThe
explanationforthismaybethatvariationsinmicro
meteorologicalconditionswereofagreaterorderofmag
nitudethanthoseofinsecticideapplicationandthus
obscuredtheeffectsofthelatter

Inordertocompareourimpingersamplingwiththose
ofotherstudiestheengineerswiththeaidofstop
watchesrecordedtheirestimatesofthedurationofcloud
exposuresFromthesefigureswehavecalculatedaircon
centrationsThesearereportedinTableIbutmustbe
consideredonlyveryroughapproximations

Theresultsrelatingtoourfourthobjectivethatof



exposuretothevariousbodyareasaresummarizedin
TableIIItwillbenotedthatbyfarthelargestskin
exposurewasuponthehandsofthejeepdriverandprob
ablyresultedfromformulatingandtransferringformu
latedinsecticidefromafivegalloncantotheHusman
tankThetotalskinexposureforthismanwasinthe
range32to86milligramsand27to80milligramswere
foundonthehandsThehandexposurewasincurredeven
thoughthemanwornlongrubbergauntletsduringall
periodsofexposureItwasprobablethatthetechnique
usedinputtingonandtakingoffthesegloveswasinade
quatetoavoidgrossskinexposureThisemphasizesa
pointmadebyothersinthepastnamelythatconsider
ableskillmustbeexercisedintheuseofprotectivedevices
sothattheydonotbecomeamajorsourceofcontamina
tion

Inspiratoryexposurewasmuchlargercomparedtoskin
exposurethanwehadanticipatedTableIsuggeststhat
occasionallyinspiratoryexposuremaybetwotothree
timeslargerthanskinexposureThiswasprobablydueto
thesmallnessofdropletsizeintheaerosolsincetheoret
icallythesmallerthemeandiameterofparticlesdispersed
inairthegreaterwillbetherelativeinspiratoryexposure
Converselyinsprayswheredropletsizeislargethein
spiratoryexposuremaybeslightcomparedwithskin
exposure

DISCUSSION

Itmightbeofinteresttocompareamountofmalathion

30

20

10

0
0

AVERAGEAMOUNTSOFMALATIIONAT
VARYINGDISTANCESFROMSOURCEOFAEROSOL

10 17 25
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MERCEDINSECTICIDESTUDYi954

DISTANCEINYARDS

TABLEII
MERCEDINSECTICIDESTUDY1954

MalathionperExposureAreas
AmountsinMilligrams

Total
skin

Operators Hand Legs Face expos

JK 2780
CG 310

FieldObservers

WJ10yds26
JL17yds25
BM25yds23

Operators Hand

JK
CJ
FieldObservers

JL10yds
GC17yds
EM25yds

ClorthionperExposureAreas
AmountsinMilligrams

1

1

1

Indicatesamountsbelow05mg

914 1 915 3

14 15 5

50

46 3286 1121
23 6 9

13

12
23

4

57
34

713
714
710

Legs Face expos
Total
skin

Total
insp
expos

25
12
2

expos
Total

insp

1 2 23
1 23

1 1 24

MICROGRAMS YARDS

215 10

145 17

140 25

140 50

130 75

75
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andchlorthionreceivedbythemenengagedinthisstudy
withamountsusedinanimalexperimentationandfigures
proposedasthresholdlimitsformanFormalathion
JKreceivedaskinexposureintherangeof05to13
mgkgacquiredinshortintervalsduringthetwoweek
exposureThismaybecomparedwiththeacutedermal
LD6oforguineapigsinexcessof12300mgkgThe
thresholdlimitforairconcentrationproposedbythe
AmericanConferenceofGovernmentalIndustrialHy
gienistsis15mgMThisisthegreatestamountcon
sideredsafeforamantobeexposedtofor8hoursperday
fivedaysperweekandmaybecomparedwiththeaverage
levelofairexposureofJKestimatedtobeintherange
of24to42mgMandtohishighestexposure557
mgM

Fromthesmallamountofliteratureavailableonanimal
workwithchlorthionitappearsthatthetoxicityfor
chlorthionisofthesameorderofmagnitudeasthatfor
malathionThegreatestskinexposurewasthatofJK
andwasintherangeof014to023mgkgacquiredover
aoneweekperiodCGwasexposedtothehighest
averageairconcentrationofchlorthionThiswasesti
matedtobeapproximately26mgMThehighestcon
centrationtowhichhewasestimatedtohavebeenex
posedwas266mgM

Ourhighestfiguresforexposedandunexposedskin
areassuggestthatapersondressedinlongtrousersanda
shortsleevedsportshirtstandingduringasinglecloud
passagetenyardsfromthelineoftraverseofaBeskilor
Husmangeneratordispersingmalathionorchlorthionat
ratesusedinthisstudywouldreceivelessthan18milli
gramsofinsecticideonhisskinandinspirelessthan07
milligramsofinsecticideTheseamountsaresofarbelow
levelscalculatedtobeintherangeoftoxicityastobe
negligible

Toanswerourfifthobjectivethatofsafetyforopera
torsinamosquitocontrolprogramwemaybasecalcula
tionsonexposuredataofJKdriverandpersonwho
handledmostoftheformulationandwhohadthelargest
exposureProjectedtoa40hourweekbasisandassuming
casualclothingchangedfrequentlyenoughtoavoidsat
urationhewouldhaveacquiredaskinexposureofless
than125mgkgduringonmonthofworkThisisless
thanoneonehundredthofanacuteLD6oforguineapigs
Theaverageairconcentrationtowhichhewasexposed
wasintherangeof24to42mgMThisislessthan
onethirdofthethresholdlimitproposedbytheAmerican
ConferenceofGovernmentalIndustrialHygienistsThus
itappearsthattherewouldbenogreathazardfrom
malathionandchlorthiontooperatorsusingreasonable
precautionswhileaerosolingadultmosquitoes

SUMMARY

Agroupofsevenentomologistsreceivedexposuresto
malathionandchlorthionduringaninsecticidestudy
Themagnitudeoftheseexposuresweremeasuredby
industrialhygienetechniquesandbymethodsdeveloped
bytheUSPublicHealthServiceClinicallaboratory
testsandfrequentphysicalexaminationsindicatedthat
theentomologistswereunaffectedbythesecholinergic
materialsMagnitudesofexposurewerecomparedwith
resultsfromanimalexperimentationFromcalculations
ofexposureswhichmightbeacquiredduringworkona
40hourweekbasisweestimatethatthesematerialscould
beusedwithoutgreathazardtooperatorsaerosolingadult
mosquitoes
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Thissessionforthepresentationofsubmittedpapers
waspresidedoverbyDonaldLCollinsNewYorkState
ScienceServiceAlbanyNewYorkTheaddressesgiven
byOsmondPBrelandDepartmentofZoologyUniver
sityofTexasonVariationsintheLarvaeofCulexstig
matosomafromTexasandbyDrJohnNBelkinand
WilliamAMcDonaldDepartmentofEntomologyUni
versityofCaliforniaatLosAngelesonIsolatedPopula
tionsofMosquitoesinDeathValleywerenotsubmitted
forpublication

CULEXTARSALISANDTHEGRASSLAND

BIOME

WILLIAMFRAPPJR
DivisionofSanitationStateDepartmentofHealth

LincolnNebraska

Inthespringof1952therewasaseriousfloodinthe
MissouriRiverValleyofIowaandNebraskaAsaresult
ofthisfloodtherewerenumerouspondsandpuddlesleft
onboththeupperandlowerfloodplainWiththislarge
areaofwaterformosquitobreedingitwasdecidedto
runNewJerseyMosquitoLightTrapsthroughoutthis
areaOneoftheinterestingresultsofthisworkwasthe
factthatCulextarsalisseemedtobeararemosquitoin
theMissouriRiverValleyAtthesametimethelight
trapswerebeingrunintheMissouriRiverValleyatrap
wasrunattheauthorshomeatCreteNebraskaAt
CreteCulextarsalisprovedtobethenumbertwomos
quitobeingexceededonlybyAedesvexansTheresults
fromMissouriValleywerecontrarytotheexistingthought
onthismosquitoheretoforthatCulextarsaliswascon
sideredcommonthroughoutthestateAsaresultofthis
workitwasdecidedtodeterminethevariationinpopu
lationofCulextarsalisinvariouspartsofNebraskaAn
examinationoftheworkdonebyTateandGatesshowed
thatasoneprogressedwestacrossthestatetheCulex
tarsalispopulationincreasedinadirectproportionthe
panhandlehavingthehighestaveragepertrapnight
ActuallythelargestnumberweretakenatWhitney
Nebraskawherein50nights14152specimensofCulex
tarsalisweretakeninthesummerof1942Thisrepresents



283pertrapnightThusitwasevidentthatasonewent
fromtallgrassprairiethroughmixedprairietotheshort
grassprairietherewasamarkedincreasedinCulextar
salispopulation

Withthisinminditwasdecidedtoseeifthiswas
purelyaphenomenonlimitedtoNebraskaorifitexisted
throughoutthegrasslandareaTheonlyworkthatwas
comparabletotheworkofTateandGateswasthework
donebyDrJohnRoeinIowapublishedin1942Again
RoesworkshowedalowpopulationintheMississippi
RiverValleyandincreasedasonewentwestwardacross
thestateandthenadecreaseintheMissouriRiverVal
leyItwasdecidedtographthisdataandtheresultsare
seenontheslideThestatesofIowaandNebraskawere
dividedintoareasofsimilarecologicalconditionsand
thelighttrapdataaveragedandthenplotted

Onefindsacurvewhichisroughlyincreasinginpopu
lationasonemoveswestwardThecloserexaminationof
thiscurveindicatesthatintheMississippiRiverareaof
IowathereisalowmosquitoCulextarsalispopulation
butasoneprogressestoCentralIowathereisamarked
increaseinthepopulationofthespeciesThenwhenthe
MissouriRiverValleyareaisreachedthereisagaina
decreasebacktoapopulationdensityapproximatelythe
sameasfoundintheMississippiRiverBasinThisde
creaseinpopulationmaybeattributedtothefactthat
theserivervalleysaretypicaldeciduousforestareasrather
thangrasslandareasandsinceCulextarsalisisagrass
landspeciesitdoesnotthrivewellunderforestconditions
Fromtheecologicalpointofviewthereisaverylittle
differenceinthesetworivervalleysTheyareprincipally
oakhickorycottonwoodandwalnutwoodlandsalong
theseriversandareconsideredbyecologiststobewest
wardextensionsofthedeciduousforestsofeasternNorth
AmericaAnothercloselookatthegraphshowsthatfrom
thereonthereisasteadyriseuntilonereachesthewestern
portionorNebraskawherethereisalsoaslightdecrease
inpopulationthusmakinganirregularjaginthecurve
Theonlyexplanationavailableforthisslightdropin
mosquitopopulationstemsfromthefactthattherewas
notalargenumberoftrapsruninthisareaplusthefact
thattrapsmaynothavebeenplacedinsituationswhich
wouldattractthemaximumnumberofmosquitoesWhen
onereachesthewesternportionoftheStatethereisa
verysignificantriseinCulextarsalispopulationItisex
tremelyunfortunatethatthereisnodataavailablefor
theStateofWyomingsothatwecouldseewhetherthe
populationstillincreasesasyougowestwardtowardthe
mountainsThelawofleastsquareswasappliedtothe
datausedincompilingthecurvethestraightlinecurve
forthedatawasdeterminedandwillbeobservedasa
straightlineofpositiveaccentThisstraightlinewhich
wasdeterminedbyuseofthelawofleastsquaresdefinitely
showsthetrendofCulextarsalispopulationasoneworks
westwardthroughtheprairieareas

Alsoplottedistherainfallforthesameareasinwhich
thelighttrapswererunThisdatawascompiledfrom
informationfoundintheyearbookofAgriculture en

titledClimateandManThepopularopinionhasal
waysbeenthatthereisapositivecorrelationbetween
mosquitopopulationandannualrainfallhoweverin
thecaseofCulextarsalisastherainfalldecreasesthe
populationincreasesthuswehaveanexceptiontothe
oftstatedrulethatthehighertherainfallthehigherthe
mosquitopopulation

AstudyofCulextarsalispopulationsasdeterminedby
lighttrapsindicatesthatasoneprogresseswestward
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themosquitopopulationincreasesasyoutravelfromthe
tallgrassprairiesofIowaandeasternNebraskatothe
shortgrassprairiesofwesternNebraskaThereisa
markeddecreaseintheCulextarsalispopulationinthe
deciduousforestrivervalleysfoundintheValleyofthe
MississippiandtheMissouriAlsoithasbeenshownthat
theannualrainfalldecreasesastheCulextarsalispopula
acrossthegrasslandsofNorthAmericaonefindsthat
tionincreases

THEPROBABLECORRELATIONBETWEEN
INCREASINGSALINITYANDTHE

DISAPPEARANCEOFTHEGNATTENDIPES
DECORUSJOH FROMMORICHESBAY

HUGOJAMNBACKANDDLCOLLINS
NewYorkStateScienceService

The MroichesBayFuzzbillTendipesdecorus
Johanonbitinggnatwasveryabundantandannoy
ingaroundwaterfrontpropertyonLongIslandNew
Yorkin1952and1953particularlyinMasticBeachthe
MorichesSpeonkRemsenburg andWesthampton
BeachItbecamesuchanuisancethatastudyofthe
possibilityofcontrollingitwasundertakenin1953by
theNewYorkStateScienceServiceandtheSuffolk
CountyMosquitoControlCommissionLarvalbreeding
wasfoundtobelargelyconfinedtoMorichesBayandits
tidalcreeksanareaofabout13000acresIn1953
MorichesBaywasconnectedonlyindirectlywiththe
oceanbynarrowchannelsNumerousfreshwatercreeks
andspringsflowintoMorichesBayAsaconsequence
thewaterinthebaywasmuchlesssaltythanthatofthe
oceanSpecificgravityreadingstakeninthebayproper
rangedfrom1006to1011andfrom1000to1006in
thetidalcreekswhilethatofthoceanwasabout1024

Sinceworkonadirectopeningfromtheoceaninto
thebaywasunderwaystudiesoftheeffectsofthein
creasingsalinityapproachingthatoftheoceanwere
madetodeterminewhetherornotlarvalbreedingwould
beinhibitedBothlaboratoryexperimentsandfieldob
servationsindicatedthatlarvaewereadverselyaffected
byhighsalinityMethodsusedinthestudiesandinforma
tionobtainedaregiveninmoredetailinThebiology
andcontrolofthemidgeTendipesdecorusJohin
MorichesBayReportofInvestigationNo6NewYork
StateScienceServiceAlbanyNYThesestudiesindi
catedthataninletfromtheoceanintoMorichesBay
wouldprobablyrestrictlarvalbreedingtotheportionsof
thetidalcreekswherethesalinityremainedrelatively
lowandmightreducebreedingtoapointwherethe
fuzzbillswouldnolongerbeaproblem

Table1Correlationbetweenincreasesinsalinityand
disappearanceofTdecoruslarvaeinMorichesBay
Months
after
inletwas HighestspecificNoof
opened gravityvaluessamples

Before
1

11

1011

1021
1024
1024

Specificgravityistakenastheindexofsalinity

LarvalAbundance
ofsampleswith

indicatednosof
larvae

09 10100x

189 545 455
39 718 282
22 909 91
47 1000 00



Threesurveysweremadeaftertheinletwasopened
onSeptember181953Table1showstheprogressive
decreaseinlarvalpopulationscorrelatedwiththeincreas
ingspecificgravityofthewaterinMorichesBayafterthe
inletwasopened

InthelastsurveymadeinAugust1954elevenmonths
aftertheinletwasopenednolarvaewerefoundeither
inthebayproperorinthetidalcreeksThetotalab
senceoflarvaefromthecreeksissurprisingbecausein
somepartsofthecreeksthespecificgravityreadingswere
lessthan1011thehighestconcentrationinwhichlarvae
werefoundbreedinginlargenumbersin1953Thelack
oflarvaeinthetidalcreeksmaybeduetostormswhich
increasedthesalinityinthecreekslongenoughtoin
hibitlarvalbreedingAnotherfactorwhichmaybeof
significanceisthereductioninamountsofnitrogenand
phosphoruscompoundsinthewaterThesecompounds
werepresentinhighconcentrationsbeforetheinletwas
openedduetotheextensiveduckbreedingandlimited
exchangeofwaterRedfield1952Theeffectsofthe
hurricanesofAugust31andSeptember111954have
notbeenascertainedIftheinletisclosedoritsflowis
greatlydiminishedthemidgesmayagainbecomea
seriousproblemintwoorthreeyears
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PROGRESSINASTUDYOFTHEMOSQUITOES
OFTHAILAND

WILLIAMEBICKLEY

DepartmentofEntomologyUniversityofMaryland
CollegeParkMaryland

ABSTRACT

LastyearatthemeetingsinAtlanticCityErnestineB
ThurmangaveareportontheestablishmentofaMalaria
ControlTrainingCenterinChiengmaiThailandand
reviewedbrieflysomeoftheaccomplishmentsofthelate
DeedCThurmanJrandherselfwhiletheywereas
signedtotheUSOperationsMissiontoThailandFor
eignOperationsAdministrationAfterherreturntothe
UnitedStatesin1953MrsThurmancontinuedherstudy
ofThaimosquitoesunderFOAsponsorshipattheUS
NationalMuseuminWashingtonTheThurmancol
lectionsbroughtfromThailandcontainedapproximately
100000specimensmostofwhichwereaccessionedby
theNationalMuseumTheassistanceofDrAlanStone
hasbeeninvaluableAtthebeginningofthetaxonomic
studyitwasfoundthatbecauseoftheabundanceofma
terialtobestudiedandthediscoveryofmanyformsthat
arebelievedtobeundescribedspeciesseveralyearswork
wouldbeinvolved

InSeptember1954theworkwasacceleratedlargely
becauseofsupportfurnishedbytheDivisionofResearch
GrantsNationalInstitutesofHealthPublicHealth
ServiceUSDepartmentofHealthEducationand
WelfareAgrantadministeredbytheUniversityofMary

MiscellaneouspublicationNo222ContributionNo2590of
theMarylandAgriculturalExperimentStationDepartmentof
Entomology

landhasmadepossibletechnicalandclericalassistance
laboratoryandofficefacilitiesoftheDepartmentofEn
tomologyareprovidedfortheexecutionoftheproject
TheprojectisentitledBiologyandTaxonomyofMos
quitoVectorsandPotentialVectorsinThailandThe
principaloverallobjectiveistomakeavailabletomilitary
andcivilianagenciesinformationthatwillbeusefulin
thecontrolofmosquitobornediseases

Amajorconsiderationincarryingouttheprojectis
thepreparatorialworkThehandlingofsomanyspeci
mensisalaborioustaskAlargeproportionoftheadults
hasbeenmountedonpointsandthepreparationof
maleterminaliaandimmatureformsonslidesispro
ceedingatarapidrateEvenadetailsuchaswriting
labelsbecomesextremelytimeconsumingToexpedite
thepreparatorialworkpunchcardsareusedforsorting
andanalyzingcollectiondata

RecentlyMrsThurmanhascompletedkeystoall
generaofadultsandlarvaeandspecieskeysforAnopheles
adultsandlarvaeThesehavebeenmimeographedand
senttoThailandforimmediateuseandforpossiblemod
ificationpriortopublicationSpecieskeysforidentifica
tionofadultsandlarvaeofAedesArmigeresMansonia
andCulexwillbecompletedinthenearfutureAnan
notatedlistisinfinalstagesofpreparation

ItisexpectedthattheworkofDrandMrsThurman
willbeintegratedwithstudieswhichDrMelvinEGrif
fithiscontinuinginThailandTheultimategoalisa
monographictreatmentoftheThaimosquitoesItisbe
lievedthatnewdistributionrecordsofapproximately50
speciesanddescriptionsofapproximately30newspecies
willbereportedAdditionstotheknowledgeoftheThai
faunaamongotherthingsshouldassistincontrolling
malariafilariasisdengueencephalitisandothermos
quitobornediseases
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DrStanleyBFreebornUniversityofCaliforniaat
DavispresidedoverthissessiononMosquitoEcology
andgaveintroductoryremarkswhichwerewithheldfrom
publication

THEROLEOFVECTORECOLOGYINTHE

EPIDEMIOLOGYOFMOSQUITOBORNE
DISEASES

Somegeneralconsiderationswithexamplesfrom
MalariaYellowFeverFilariasisandthe

ArthropodborneEncephalitidesI

REDWARDBELLAMYScientist

Thefollowingtwoquestionslargelyparaphrasethe
title1Howisitthatsomespeciesofmosquitoesserve
asefficientvectorsofcertaindiseaseswhileothermos
quitospeciesfailtodoso2Whatrelationshipsexist
betweenthemosquitovectoranditsenvironmentthat
limitorpromotetheefficiencyofthediseasetransmission
phenomenaAnattemptwillbemadetosupplysome
answerstothesequestionsthroughexamplesofvector
relationshipsofseveralselectedmosquitobornediseases
ofmanwithonlypassingreferencetodiseasestransmitted
bymosquitoestoothervertebrateanimalsbutnottoman



EpochaldiscoveriesbyMansonRossandotherslatein
thenineteenthcenturyshowedthatmosquitoesaswellas
manserveashosttofilarialwormsandtheprotozoan
parasitesofmalariaAttheturnofthecenturyWalter
ReedandhisassociatesdemonstratedthatAedesaegypti
Ltransmittedyellowfeverandthatthediseasewas
producedbyafilterableagentInthehalfcenturysince
thesediscoveriesbloodsuckingarthropodsandmosqui
toesinparticularhavebeenincriminatedasvectorsofa
hostofparasiticdiseasesofmanandothervertebrates
MarstonBates1949pointedoutthatwithonlyafew
obscureexceptionsthevertebratediseasesknowntobe
transmittedbymosquitoesarecausedbyorganismsof
fourmajorgroupsviruseshaemosporidiafilarialworms
andbotfliesofthegenusDermatobia

Foramosquitotoserveasthevectorofavertebrate
parasiteitmustfulfillcertaingeneralrequirementsIt
isobviousforinstancethatthemosquitomustoccurat
thesametimeandplaceasthediseaseproducingorgan
ismThemosquitomustobtaintheorganismordinarily
thisisthroughthebloodfeedinghabitoftheadultfe
maleexceptiontransmissionofDermatobiahominis
Alsothemosquitomustconveyortransmitthein
fectiousorganismtoasusceptiblehostToaccomplish
thistheinfectedmosquitomustbiteagainAsobviously
importantasthisrequirementisithasreceivedtoolittle
attentioninstudiesofmosquitoesinrelationtodisease
Itisalsogenerallytruethataprimaryvectorspeciesmust
besufficientlynumerousthatthelikelihoodoftransmis
sionwillnotberemoteFinallythebodyofthemosquito
mustprovideanadequatephysiologicalenvironmentfor
thesurvivalandanynecessarydevelopmentofthepara
siteInthisconnectionitisappropriatetorefertoHuffs
1931fourclassesofrelationshipsofvertebratepara
sitestotheirarthropodvectorsThesecyclopropagative
cyclodevelopmentalpropagativeandmechanicalare
basedonwhetherornotmetamorphosisormultiplication
orbothoccurinthearthropod

Inadditiontotherequirementsofmoreorlessgeneral
applicationtoallvectorrelationshipstherearenumerous
specialrequirementswhichvarywith1theparasitic
organismand2theprecisephysicalandbioticen
vironmentatthedifferentlocalitieswherethesevarious
parasiticinfectionspersistorrecurToillustratesuch
vectorrelationshipsexampleshavebeenchosenfromthe
massiveaccumulatedloreonseveralofthemoreserious
andthereforemorestudiedmosquitobornediseases
MALARIAMalariaisorrecentlyhasbeenwide
spreadthroughoutthetemperateandtropicalregions
Onlyanophelinemosquitoesareknowntotransmithu
manmalariabutrepresentativespeciesofthisgroupare
foundonallcontinentsandinsomeislandarchipelagoes
NewZealandandanareaoftheSouthPacificconstitute
anexceptionandapparentlymalariatransmissiondoes
notoccurthereIntheHolarcticregionseveralmembers
oftheAnophelesmaculipenniscomplexinabroadsense
areimportantmalariavectorsForexamplemalariais
transmittedbyAsacharoviAlabranchiaeandAatro
parvusinEurasiathemiddleEastandtheMediterra
neanareabyAquadrimaculatusineasternNorthAmer
icaandbyAfreeborniinCaliforniaManyimportant
vectorsinthesubgenusMyzomyiaoccurintropicalAf
ricatheMediterraneanareaIndiaMalaysiaandthe

1ContributionfromtheGeorgeWilliamsHooperFoundationfor
MedicalResearchoftheUniversityofCaliforniaandtheCom
municableDiseaseCenterUSPublicHealthServiceDe
partmentofHealthEducationandWelfareAtlantaGeorgia

FarEastAfewexamplesareAgambiaeAfunestus
AsergentiAsuperpictusAculicifaciesAsundaicus
AminimussubsspetcInSouthandCentralAmerica
andtheCaribbeanareamostoftheimportantvectors
aremembersofthesubgenusNyssorhynchusexamples
AalbimanusAaquasalisandAdarlingi butA

pseudopunctipennisandAbellatorareimportantincer
tainportionsoftheirranges

Thegoodnaturalvectorsofhumanmalariaare
speciesofAnopheleswhichfeedonmanreadilyjustas
inbirdmalariatheprincipalvectorsareaviophylicspecies
ofGulexIntheeasternUnitedStatesAquadrimaculatus
notonlybitesmanbutfrequentlyinvadeshousesInthe
sameregionApunctipennisandAcruciansfeedpri
marilyonthebloodoflargedomesticmammalsInthe
pastmalariaoccurredwheretherewerelargepopulations
ofAquadrimaculatusbutwasabsentfromlocalities
whereonlyAcruciansorApunctipenniswerenumerous
ThisissimilartothesituationinEuropewherethedif
ferentmembersofthemaculipenniscomplexhaddifferent
feedinghabitswiththosewhichseldombitmanplaying
littleornopartinmalariatransmissionHackett1937
AlsoinCaliforniaAfreebornibitesmanreadilyand
oftenentershousesThisspecieswasaccordinglyassoci
atedwithmalariawhileAoccidentalisAfranciscanus
andApunctipennisseldomenterhousesinCalifornia
andapparentlywereinnocuous

Malariaisusuallyacquiredatnightsincemostvector
AnophelesarenocturnalorcrepuscularfeedersAfew
speciesofAnophelesbitefiercelyindaylightbutsuch
speciesexampleAwalkeriareusuallywildforms
whichremaininmarshesorforestsclosetotheirbreeding
areasanddonotfunctionasimportantvectors

Intemperateclimatesmalariatransmissionnormally
occursinthesummerbutinthetropicswellmarked
rainyanddryseasonsoftendeterminetheseasonoftrans
missionWherethevectorspeciesbreedinpondstrans
missionoccursintherainyseasonbutmalariaisacquired
inthedryseasonwheretheimportantvectorsbreedin
poolsalongwatercoursesThusinPanamaCostaRica
andElSalvadormalariafollowstheonsetoftherainy
seasonbecausetheprincipalvectorAalbimanusbreeds
insunlitpoolsandpondsKummandZuniga1944
andApseudopunctipenniswhichbreedsinresidual
streampoolsandseepsismostabundantinthedryseason
butisapoorvectorIntheBalkansandintheMiddle
EastAsuperpictustransmitsmalariainthedryseason
asitslarvaedevelopinstreampoolsWhentherainysea
sonbeginsthelarvalstagesareflushedfromthebreeding
areasAsuccessionalparadeofAnophelesspecieswas
observedbyRussellandRao1941inMadraswhere
withtheprogressoftheseasonalmosteverymonthwas
characterizedbyadifferentspeciesattainingitsmaximal
seasonalabundance

Thefeedingbehaviorofanophelinesisverywellfitted
todiseasetransmissionNormallyafertilizedadultfe
maletakesitsfirstbloodmealwhichmightbeinfective
withinafewdaysafteremergenceAboutfourdaystoa
weeklateratsummertemperaturesthebloodisdigested
acomplementofovahasbeenmaturedanddeposited
andweareagainconfrontedwithahungryadultThe
takingofanotherbloodmealresultsinthedevelopment
ofanothercomplementofovaThiscyclemaybere
peatedanumberoftimesseventotenseparatebatches
ofovadevelopedfromasmanybloodmealshavebeen
depositedbyApunctipennisandAquadrimaculatusin
thelaboratoryBellamyandRepassunpublishedShute



1936obtainedasmanyasfifteenbatchesofovaovera
twomonthperiodfromisolatedcolonyspecimensofA
atroparvusTheimportanceofsuchrepeatfeedingphe
nomenarelatestothefactthatatroomtemperaturethe
extrinsicincubationperiodofthecommonplasmodia
inAnophelesisovertwoweeksforPlasmodiumvivax
theshortestandforPmalariaethelongestabout
thirtyfivedaysBoydandStratmanThomas1933At
highertemperaturestheincubationperiodisshortened
butitisobviousthattheremustbeaconsiderableinterval
betweenaninfectivebloodmealandanactualtrans
missionInviewoftheselongincubationperiodssurvival
ofthevectorisalsoseentobeofextremeimportance
UndoubtedlythefailureofsomespeciesofAnophelesto
serveasefficientvectorsreflectsaninsufficientaverage
longevityTheabsenceofquartanmalariafromtheNile
DeltaofEgyptmaybeattributedtoinsufficientsurvival
ofApharoensistoembracethelongincubationperiodof
PmalariaeBatesopcitLongevityisgenerallymuch
greaterincoldandhumidseasonsthaninhotdryweather
buttheextrinsicincubationperiodisalsolengthenedby
coolertemperatureItisinterestingthattheextrinsicin
cubationperiodofbirdmalariamayberelativelyshort
RosenandReeves1954reportsporozoitesinthesali
varyglandsofCtarsalisfourandfivedaysafterthese
mosquitoesfedoncanariesinfectedwithPrelictum

SomespeciesofAnopheleshaveverydomestichabits
whichareanimportantfactorindeterminingtheireffi
ciencyasmalariavectorsThusAgambiaeprobablythe
mostefficientofallmalariavectorsisextremelydomestic
congregatingandfeedingalmostexclusivelyinhuman
habitationsHolstein1954howeverreportsthatsome
populationsofthisspeciesappeartobelessdomestic
AatroparvustheshortwingofSwellengrebelandde
Buck1938virtuallyoverwintersinbedroomsofun
heatedatticsinNorthHollandAsthemosquitoescease
reproductiveactivityearlyintheautumnbutcontinueto
feedperiodicallygonotrophicdissociationwithoutleav
ingtheunheatedatticsmalariawastransmittedprimarily
intheautumnandearlywinterlaterintheseason
midJanuarytoAprilonlydegeneratesporozoiteswere
foundInthearidrockyhillcountryinthevicinityof
JerusaleminPalestineIsraelmalariatransmissionwas
foundtoresultfrompeculiarlydomesticvectorrelation
shipsofAclavigeraspecieswhichelsewheredoesnot
havedomestichabitsThisspeciesbreedsincoolwaters
generallyandinthislocalitypasseditslarvalstagesin
thecoolsubterraneanwaterheldintheancientcisterns
carvedinrockunderthehousesOnemergencetheadults
fedrepeatedlyonthefamilyoccupyingthechambers
abovethecisternandtransmittedmalariaKligler1930
IncontradistinctionsomespeciesofAnophelesarevery
wildandremaininthevicinityofthemarshesorswamps
whicharetheirbreedingareasStillotherspeciesarein
termediateenteringhousesatnighttofeedbutreturning
promptlythereaftertotheforestTheimportanceofsuch
asylvanspeciesexamplesAminimusflavirostrisinthe
PhilippinesPuri1949AmaculatusinMalayaBux
tonandLeeson1949asamalariavectorcaneasilybe
underestimatedbecauseitsassociationwithmanisnot

conspicuous
Anophelineshaveradiatedintoawidevarietyof

breedingareassomebeingspeciesadaptedtoflowing
waterotherstopondssometoopenmarshesothersto
woodedswampsetcBrackishcoastalmarshesarethe
habitatofsomewhileafewoccupythewaterheldin
treeholestheinternodesofbambooorintropicalair
plants
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Whileithasbeenthehopeofmedicalentomologiststo
establishedamalariatransmissionthresholdintermsof
vectorabundanceorvectormeasurementthecount
lessvariablesalwaysapplicableeveninthesimplestsit
uationshaveprecludedanyexactsolutiontothisproblem
inanyareaArelativelysmallpopulationofanextremely
efficientvectormayservetotransmitmalariawhile
largerpopulationsoflessefficientvectorsarenecessary
Apharoensisisapoorvectorbuttransmitsmalariain
theNileDeltaareaofEgyptwhereitisextremelyabun
dantSmallpopulationsofAsergentiatEgyptianoases
mustbeeyedwithapprehension

NearlyallspeciesofAnophelesthathavebeenade
quatelytestedhaveshownsomedegreeofinfectionwith
humanplasmodiabutsomespeciesappeartobecome
infectedmuchmorereadilythanothersInfactthere
appearstobeconsiderablevariationinthesuspectibility
ofdifferentspeciesofAnophelestotheseveralspeciesof
humanmalariaandtodifferentstrainsofthesamespecies
Ananophelinesusceptibletoinfectionbyalocalstrain
ofagivenspeciesofPlasmodiummayberefractivetoa
foreignstrainofthesamespeciesJamesNicoland
Shute1932howeverthepredilectionofavectorfor
infectionbylocalstrainsisnotuniversalBoyd1940
ByselectionandsegregationofthegeneticlinesHuff
1929obtainedstrainsofCulexpipiensprobablymo
lestuswhichdifferedinsusceptibilitytoinfectionwith
birdmalariaKitzmiller1953inreviewingvarious
reportedinstancesofstrainsofagivenspeciesofmosquito
differinginsusceptibilitytoinfectionbyoneoranother
parasiteconsidersthegeneticsignificance

VariousstudiesoftheflighthabitsofAnophelesindi
catethatingeneralavectorspeciesinthetropicswillnot
traveloveramilefromitsbreedingareainnumbers
sufficienttobeimportantinthetemperatezonestrans
missionmayoccurtwoorthreemilesfromhighlypro
ductivebreedingareasRusselletal1946InPalestine
Asacharovifliestovillagesmorethanfivemilesfromits
breedinggroundsintheHulehMarshKliglerandMer
1930apparentlythislongflightoccursonlyintheau
tumnwhenthemosquitoesareseekinghibernationsites
Freeborn1949describestenmilepreandposthiber
nationflightsofAfreebarniintheSacramentoValleyof
CaliforniaSuchlengthyprehibernationflightsinsome
instancesappeartoresultinmalariatransmission

YELLOWFEVERAedesaegyptivectorofurban
yellowfeverandtheprincipalvectorofdengueisofmore
orlesscircumglobaloccurrenceintropicalandsubtropical
regionshoweverasaresultofintensivecontrolmeasures
itisbeingeliminatedfrommuchoftropicalAmerica
Thismosquitowillfeedonawidevarietyofvertebrates
butisfondofhumanbloodandisnormallyintimately
associatedwithmanAaegyptihasattainedtheultimate
indomesticityparticularlyintheNewWorldThechosen
breedingsitesareflowervasesandsmallaccumulations
ofwaterinothercontainersusuallyinsidethehousebut
occasionallyoutsideclosebyVasesareparticularlysuited
sincetheeggsaredepositedatorjustabovethewater
levelandhatchwhenwaterisaddedtothevase

Asequenceofinterestingdiscoveriesinthelatetwenties
andearlythirtiesforcedabandonmentoftheoldconcept
ofyellowfeverasadiseaserestrictedtourbancentersand
transmittedsolelyfrommantomanbythehousemos
quitoAaegyptiItwasfoundthatyellowfevervirus
wasinfectivetomonkeysandthatevenlaboratorymice
weresubjecttoinfectionifinoculatedintracerebrally
Alsoseveralspeciesofmosquitoeswerefoundtobecapa
bleoftransmittingthevirusexperimentallyThenearly
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in1932aruralepidemicofyellowfeveroccurredin
EsperitoSantoBrazilwheretransmissionbyAaegypti
couldberuledoutSoperetal1933Furtherstudies
filledintheconceptofadiseasecycleinanimalsofthe
denseforestinAfricaandinSouthAmericathiscame
tobeknownasJungleYellowFever

ThediscoveryinColombiain1940Bugheretal
1944thattheprincipalvectorofjungleyellowfever
Haemogogusspegaziniinormallyconfinesitsactivities
totheforestcanopyortreetopstratumwasofextreme
importanceinhelpingtointerpretthenaturaldisease
cycleandindictatingthenatureoffurtherfieldstudies
Sincethenstudiesofmosquitoesbitingatplatformsin
treetopsaswellasatgroundlevelandoftenataninter
mediateunderstorylevelhavebeenextensivelyutilized
inyellowfeverinvestigationsbothinAfricaandSouth
AmericaGalindoTrapidoandCarpenter1950

Haddow1954hasreportedonveryextensivestudies
inAfricabasedonthecaptureofmosquitoesalightingto
biteatplatformsconstructedatdifferentlevelsinthe
forestOnthebasisofseveralyearsexperienceheem
phasizestheimportanceofexecutingthecollections
throughafull24hourcycleaswellasatseveraldifferent
levelsintheforestsimultaneouslyAwholebatteryof
collectorssupervisorscooksandotherworkersareutil
izedinperformingthistypeofcollectingandthecol
lectorsarerotatedsothatsomearerestingwhileothers
areatworkHaddowopcitreportsthecaptureof
107567mosquitoesinsuchstudiescarriedoutovera
sevenyearperiodthiswasanaverageofaboutoneand
ahalfmosquitoespermanhourofcollectingeffortWhile
theinvestmentrepresentedbythehumaneffortwhich
wentintotheseinvestigationswasenormoussomevery
enlighteningdataonthepatternsoffeedingactivityofa
numberofspeciesofmosquitoeswasobtainedSome
specieswerefoundtoconfinetheirfeedingactivitiesto
thedaylighthourswhileotherswerecrepuscularand
stillothersnocturnalOfthenocturnalspeciessomefed
earlyinthenightandothersmainlyaftermidnightA
speciesmightfeedmostactivelyatgroundlevelduring
onehourbutattheunderstoryorcanopystratumlater
indicatingaverticalmigration

Inattemptingtoaccountforthebitingorfeeding
patternsofmosquitoesHaddowopcitsubscribesto
theviewthatinsteadoftherebeingcertainclimaticor
meterorologicstimulicausingmosquitoestobitethey
feedwhenreleasedfromcertaininhibitingfactorsIn
thissensehightemperatureandsunlightmayinhibit
theactivityofanocturnalspeciesandthusdeterminethe
hourthatitmaybeginseekingbloodObviouslythe
choiceofhostegbirdratherthanmammalormam
malratherthananinanimateobjecttobitemustbe
consideredintermsofresponsetocertainstimuliheat
odorcarbondioxidegasmotionevolvingfromthe
host

Theisolationofyellowfevervirusfromcertainforest
speciesofmosquitoesdemonstrationinthelaboratory
thatsuchspeciesmayservetotransmitthevirusfrom
monkeytomonkeystudiesoftheincidenceofimmunity
toyellowfeverinpopulationsofmonkeysandinother
forestvertebratesandstudiesofthedistributionlife
historyandbitinghabitsofvariousmosquitoeshave
permittedepidemiologicalinterpretationsofjungleyellow
feverinAfricaandSouthAmericaIneastAfricaitap
pearsthatyellowfeveristransmittedfrommonkeyto
monkeybyAedesafricanusamosquitooftheforest
canopyAttimeshordesofmonkeysmakeraidsonplan
tationswhichoccupyclearingsinthejungleAedessimp

sonibreedsinthewaterheldintheleafaxilsofbanana
plantsandisanabundantspeciesaboutthebanana
plantationsAtthetimeofaraidonaplantationamon
keycirculatingyellowfevervirusmaybebittenbyspeci
mensofAsimpsoniwhichwouldbecomeinfectedasa
resultInturntheinfectedAsimpsonimaytransmit
yellowfevervirustohumanbeingsattheplantationAJ
WarreninStrode1951Oncethevirusisestablished
inhumanbeingsAsimpsoniandAaegyptiifpresent
maytransmititfrompersontopersonIntheWestNile
DistrictofUgandaLumsdenandBuxton1951found
noevidenceofhumantohumantransmission viaa

vectorsinceinasurveyofhumanserathesmallnumber
whichshowedimmunitywereallfrommentransmission
inavillagewouldnothavebeenrestrictedtothemale
sex

ItappearsthatthejunglecycleisverysimilarinSouth
AmericawithHaemogogusspegaziniiandAedesleuco
celaenusservingasprimaryvectorsThesemosquitoes
feedmostactivelyatmiddayandAleucocelaenusisnot
sorestrictedtothecanopystratumasisHspegazinii
Laborersneartheedgeofthejunglemayentertheforest
toeattheirlunchintheshadeandtherebyexposethem
selvstoinfectivebitesofthediurnalyellowfevervectors
Personsfellingtreessuchaswoodcuttersandroadbuild
ersareespeciallyvulnerablesinceasatreefallsanddrags
tothegroundaportionofthecanopythecanopyinhab
itingmosquitoesmayfollowthefoliageearthwardand
feedatgroundlevelonthewoodsmen

FILARIASISWuchereriabancroftiandWmalayi
arethetwospeciesoffilarialwormsknowntobetrans
mittedtomanbymosquitoesWmalayioccursinsouth
eastAsiaandtheDutchEastIndieswhileWbancrofti
iswidelydistributedinthetropicsCharacteristicallythe
microfilariathestageinfectivetomosquitoesoccurin
theinfectedhumansperipheralcirculationatnight
usuallybeforemidnightinthecaseofWbancroftiin
fectionsbutduringthedayarescarceorabsentfrom
theperipheralbloodCulexquinquefasciatus fatigans
appearstobetheprincipalvectorofthisperiodicformof
WbancroftiCquinquefasciatusdoesnotordinarilyfeed
untilanhourormoreafterdarkThustheperiodicity
ofmicrofilariaintheperipheralbloodflavorstheinfection
ofanocturnalmosquitosuchasCquinquefasciatussev
eralspeciesofAnophelesMansoniaandAedeswhichalso
arenightfeedersmayserveinavectorcapacityArace
ofWbancroftiwhichoccursintheSouthPacificarea
showsnoperiodicityintheinvasionoftheperipheral
bloodbymicrofilariabutismorphologicallyindistin
guishablefromtheperiodicformofWbancroftiAedes
polynesiensisandotherdaybitingmembersoftheAedes
scutellariscomplextransmitthenonperiodicformofW
bancroftiinthePolynesianIslandsThewaterstanding
incoconutshellswhichhavebeenopenedbyratsserves
astheprincipalhabitatofthelarvaeofApolynesiensis
intheSocietyIslandsRosen1954Nocturnalperiodi
cityofcirculatingmicrofilariaoccursinWmalayiin
fectionsbuttheperiodicityislessclearcutthanisthe
casewiththeperiodicformofWbancroftiWmalayi
maybetransmittedbyseveralspeciesofMansoniaand
Anopheles

ARTHROPODBORNEENCEPHALITIDESQuite
agroupofneurotropicviruseshavebeenobtainedonthe
severalcontinentsbythetechniqueofgrindingandin
oculatingintothebrainsofmicethecrushedcellcon
tentsofbloodfeedingarthropods particularlymosqui
toesThusVenezuelanEquineEncephalitisIlheusvirus
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AnophelesAandAnophelesBvirusesandothersare
knownfromSouthAmericaBwambaFeverRiftValley
FeverWestNilevirusSemlikiForestvirusandothers
areknownfromAfricaJapaneseBEncephalitisvirus
occurringinJapanandadjacentareasofcontinentalAsia
producesaseriousoftenfataldiseaseinmanEastern
EquineEncephalomyelitisWesternEquineEncephalitis
andStLouisEncephalitisintheUnitedStatessimilarly
produceseriousclinicalmanifestationsinmanCalifornia
virusthoughlittleknownmaypossiblyproduceaclinical
diseaseinmanHammonandReeves1952severalof
theaboveviruseshoweverarenotknowntodosoIn
CaliforniathevirusesofWesternEquineEncephalitis
WEEandStLouisEncephalitisSLEcauseasuffi
cientamountofhumandiseaseannuallythattheycon
stituteaseriouspublichealthproblem

Thepreponderanceofevidencefromthestudiesin
CaliforniapointstoCulextarsalisastheprimaryvectorof
bothWEEandSLECtarsalisappearstobethesole
importantvectorofWEEinCaliforniabutthereissome
indicationthatCquinquefasciatusmayparticipatesig
nificantlyinthetransmissionofSLEthoughunquestion
ablymuchlessthanCtarsalis

ThusCtarsalisisanextremelyimportantmosquitoin
Californiaandperhapstoalesserextentinthewestern
statesgenerallyInthecaseofbothWEEandSLEit
appearsthatintheprincipalcyclethevirusistransmitted
frombirdtobirdbyCtarsalisManhorseandother
mammalsareoccasionallyinfectedwhenaninfectiveC
tarsaliselectstofeedonsuchmammalianhostsMammals
howeverappeartorepresentaculdesacforthevirus
asmammalsdonotcirculatevirusinthehighconcentra
tionsneededtoinfectmosquitoesReeves1945Birds
circulatevirusataninfectivelevelCtarsalisfitsthis
cycleverywellasitispredominantlyaviophilicthiswas
shownforpopulationsofthismosquitoinWashington
ReevesandHammon1944andinKernCountyCali
forniaHammonReevesandGalindo1945bythe
precipitintesttechniqueThesetestsalsoindicatedthat
smallerbutsignificantproportionsoftheCtarsalispopu
lationswerefeedingonsuchmammalsashorsesandcows
Thedemonstrationofbirdmalariainfectioninasig
nificantlylargeproportionofadultfemaleCtarsaliscol
lectedinKernCountyReevesetal1954indicated
thatthismosquitowasfeedingonwildbirdstoamarked
extentStillanothertechniquethatofstainingandex
aminingthesmearedbloodmealofbloodengorgedspeci
menscollectedinthefieldhasshownnucleatederythro
cytesinnearlyallofaseriesofoverahundredCtarsalis
testedinthespringof1954unpublisheddatathe
preponderanceofbloodmealsshowingnucleatederythro
cytesinthisparticularseriesfromKernCountystrongly
suggeststhatbirdswerethesourceofbloodalthoughcold
bloodedvertebratesalsohavenucleatederythrocytesBel
kinetal1945utilizedtheabovetechniqueinobtain
ingdataonthefeedinghabitsofAnopheleslungaein
theSolomonIslandsNumerousunpleasantobservations
attesttothewillingnessofCtarsalistofeedonmanthe
oldcontroversyoverthisquestionwhichformerlyraged
inmeetingsoftheCaliforniaMosquitoControlAssocia
tionReeves1951isnowsettled

WhilethebitingfeedingofCtarsalishasnotbeen
investigatedcomprehensivelythroughoutthe24hourcy
cleanabundanceofobservationsindicatethatthismos
quitoisactiveatnightItbitesmanitcomestotraps
baitedwithbirdsofwithcarbondioxideanditcomesto
lighttrapsallatnightDuringthedayadultsarefound
restinginactiveinvariousshelteredplaceswherethey

areprotectedfromsunlightandaircurrentsWhendis
turbedinsuchrestingplacesoccasionalindividualsmay
electtobitetheinvestigatorparticularlyonhumidmorn
ingsByusingdryicebaitedlardcantrapsBellamyand
Reeves1952andalternatingthetrapsatasingleloca
tionthroughoutalatesummernightin1951evidence
wasobtainedthatatLeastonthatnightadultfemales
wereattractedtothecarbondioxideatallperiodsofthe
nightAlmostnonewasattractedinthehourbeforesun
downThelargestnumbercameinthefirsthourafter
sundownandthenextlargestduringthehourbefore
dawnSomewhatsmallernumbersweretakeninthe
hoursbeforemidnightandinthehoursafterThesame
techniqueopcitdemonstratedthatCtarsaliswas
attractedinnumberstothedryicebaitedtrapsoperated
20to30feetabovegroundinthefoliageoftreesThis
maybeareflectionoftheprobablehabitofthisspeciesof
feedingonbirdsroostingintreetopsandisreminiscent
ofthefeedinghabitsofthesylvanvectorsofjungleyellow
fever

InKernCountyCaliforniaCtarsalisappearstocom
pleteseveralgenerationsinthespringsummerandfall
probablynotovertenOverwinteringfemalesbegintak
ingbloodinJanuaryBrookmanunpublishedFrom
JanuarytoMarchahighproportionofoverwintering
femalesareseentobefeedingdevelopingeggsandpre
sumablyovipositingByusingtheappearanceofmalesas
aguidewemustconcludethatthefirstspringgeneration
ofconsequencetakeswinginAprilitisusuallyMaybe
foreadultsareplentifulperhapslateinMayalthough
someearlyindividualsemergeinMarchBloodfeedingin
thelattermonthsoftheyearisminimalandmalespersist
intoDecemberTheobservedcessationoffeedinginthe
autumnandtheresumptionoffeedingactivitiesinJanu
aryhasaspecialsignificanceinrelationtoapossibleover
winteringmechanismoftheencephalitisviruses

WhileonthesubjectofbloodfeedingbyCtarsaliswe
shouldnotneglecttheveryimportantmatterofrepeat
feedingsAfirstfeedingservesonlytoinfectamosquito
fortransmissiontooccurarepeatfeedingafteranap
propriateextrinsicincubationperiodofabouttendays
HammonandReeves1943isnecessaryThereappears
tobeconsiderablereluctanceonthepartofCtarsalis
totakeasecondbloodmealthoughHammonandReeves
opcithadconsiderablesuccessDifficultiesininducing
refeedingsbyalaboratorycolonystrainofthisspeciesare
reportedbyHubertetal1954whoobtainedamaxi
mumof3refeedingsonanysingleofferingandnot
morethananaggregateof15throughoutacycleof
repeatedofferingsIfthistendencyisreflectedinthe
wildpopulationsofCtarsalisitmaybethemostimport
antfactorlimitingtheefficiencyofthisspeciesasavector
ofencephalitis

Vectordensityappearstobeextremelyimportantin
determiningtransmissionofencephalitisinepidemicpro
portionsInthespringof1952thelargestSierrasnow
packonrecordbeganmeltingandrunningoffintothe
SanJoaquinandSacramentoValleysSurpluswaterwas
thegeneralconditionthroughouttheCentralValleyin
thelatespringandearlysummerthiswasaccompanied
byunusuallylargepopulationsofCtarsalisthroughout
theareaBothhorseandhumancasesofWEEweresoon
toappearWhilelargevectorpopulationsappeartofavor
increasedtransmissionitisnotpossibleatpresenttostate
evenroughlyintermsofsomemeasureofvectorabun
dancejustwhatthetransmissionthresholdmightbe
VariousmeasuresoftheabundanceofadultCtarsalis

currentlybeingtakenatselectedpointsintheCentral
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Valleybymembersoftheassociationsconvenedhere
maypermitthedevelopmentofimportantthreshold
concepts

StudieswereperformedReevesetal1948onthe
flightrangeofCtarsalisinKernCountyItwasindicated
fromthesestudiesthatCtarsaliswouldflyatleast22
milesInconsideringcontrolofadiseasevectoritsef
fectiveflightrangeisanimportantconsideration

Afinalwordonthelongtermreservoirsofmosquito
bornediseasesInthecaseofmalariachroniccarrier
phenomenaandrelapsespermitmanthevertebratehost
toserveasaneffectivereservoirInfilariasisagainman
canserveasalongtermreservoiroverperiodsinwhich
thereislittlevectorvertebratehostcontactInyellow
fevertheanswerisnotsoclearbutstudentsofthisdis
easeappeartofeelthattheremaybelateralmovement
ofthediseasefromplacetoplaceinthetropicaljungles
withmoreorlesscontinuoustransmissionBecauseofthe
developmentofimmunitybythevertebratehostsstudents
ofyellowfeverwouldexplainthetidingoverofvirus
throughanyperiodsunfavorablefortransmissionas
accomplishedinlonglivedvectormosquitoeswhichenter
theperiodinfectedInthestudyofWEEandSLEin
Californiaweareattackingthelongtermoroverwinter
ingreservoirproblemSomeleadshavebeenobtained
butwearenotyetinapositiontosaywhetheravertebrate
oramosquitoorbothmayaccountforvirusoverwinter
ing
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THEROLEOFTAXONOMYINRELATIONTO
ECOLOGYANDCONTROL

RICHARDMBOHART

UniversityofCaliforniaDavis

Thepurposeoftaxonomyistheinterpretationofthe
relationshipsoflivingthingsalongwiththenamingof
theentitiesinvolvedItisonlywhenthisfirststephasbeen
takenthatmeaningfulinformationonbiologyecology
geographicaldistributionandcontrolcanbeputtouse
fulpurposeIdeallyasystematiststudiesanunnamed
formanddescribesitsothoroughlyandconciselythatit
canbereadilyrecognizedNextitslifehistoryseasonal
historyecologydistributionandalltheotherpeculiari
tieswhicharepartofitsidentityaredescribedbyspe
cialistsinthosefieldsThenifitisaspeciesofeconomic
importancetheresultsofcontroleffortsbymechanical
chemicalorbiologicalmeanswillbepublishedFinally
cataloguersandabstractingjournalswillassembleand
condensethepertinentinformationTheresultinthis
idealsituationisthatanyonefurnishedwiththeidentifica
tionofaspecimenofthisspeciescandiscoverinthespace
ofafewminutestoafewhoursoflibraryresearchthedata
accumulatedbymanyworkersovertheyears

Unfortunatelyfewofthemillionorsospeciesofinsects
areadequatelydescribedandmanyareyettoberecog
nizedOfthenamedformsbutasmallpercentagehavean
appreciableamountofassociatedbiologicalinformation
Comparativelyspeakingmosquitoworkersareverywell
offinthisrespectBecauseofthemedicalandagricultural
significanceofsomanyspeciesawealthofdataisavail
able

Taxonomistscanclaimonlyasmallshareofthecredit
eventhoughtheirpartwastheessentialfirststepInfact
itmightbesaidthatinformationonecologydistribution
controletcwasgatheredinspiteofthefumblingefforts
ofmanyearlytaxonomistsAttimesthesequencehasbeen
reversedandclarificationofthetaxonomyhasfollowed
thediscoveryofpuzzlingecologicalinconsistenciesinsuch
thingsasbreedingplacesandadultbitinghabitsEven
withallofthemistakeshoweverCulicidologynowoc
cupiesafavoredpositioninEntomology

Entomologicalexamplesoftheinterdependencyof
taxonomyecologyandcontrolaremanyOneofthebest
knownconcernstheCaliforniaredscaleAonidiellaau
rantiiMaskandtheyellowscaleAcitrinaCoq
oncitrusFormanyyearsthetwowereconsideredprac
ticallyidenticalanditwasntuntil1937thatMcKenzie
pointedoutdefinitestructuraldifferencesTheecology
andbiologyarequitedifferenthoweverandbiological
controleffortsmusttakethisintoaccountForinstance
twoofthecommonchalcidparasitesoftheyellowscale
willnotdeveloponredscaleControlofredscaleis
importantbecauseitattacksthetwigsandbranchesfre
quentlykillingthemYellowscaleisofratherminorim
portanceandavoidsthecitruswoodItappearsobvious
fromtheforegoingthatefficientscalecontrolisdependent
uponaknowledgeoftheecologyandtaxonomyofthe
speciesinvolved

Anotherexampleofthedangerofconfusionoftwo
closelyrelatedspecieswhenoneisofeconomicimportance
hasbeenreportedbyLangeandMichelbacher1937
IntomatofieldsofCaliforniathecornearwormtomato
fruitwormHeliothisarmigeraHubnerisaseriouspest
AverysimilarspeciesHeliothisphloxiphagaGandR
primarilyattackstarweedbutisfrequentlyseenabout
tomatofieldsandmistakenforitsmorenotoriousrela
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tiveAdultsofphloxiphagaappearearlierintheseason
thanthoseofthecornearwormandfieldinvestigators
awareofthedistinctionhavelearnedtoignorethem

Examplesinthefieldofmosquitoescouldlikewisebe
givenatlengthInthecaseofAedesaegyptiLand
AguamensisFarnerandBohartonGuamthefirstspecies
wasthecarrierofdengueinepidemicproportionsduring
WorldWarIIThetwospeciesareseparablebysmallbut
definitestructuralcharactersinthelarvaeAsaconse

quenceitwasfoundthataegyptibredonlyincontainers
closetodwellingsandthatguamensisoccurredfromthe
deepestjungletowithin100feetofdwellingsAegypti
wasanimportantpestandguamensiscouldhardlybe
inducedtobitemansocontrolwasconcentratedonlarvae
neardwellingswiththeresultthataegyptiwaseradicated
BaileyandBohart1952

AnotherexampleinthePacificAreadealswiththe
complicatedAedesscutellarisgroupthe15ormorespecies
ofwhichrangeextensivelyoverPolynesiaMicronesia
andMelanesiawestnearlytothecontinentofAsiaIt
wasoncethoughtthatthevariousformswerelocalcolor
varietiesorperhapssubspeciesAsevidencebuiltupfrom
fieldworkersontheradicallydifferenthabitsofformson
differentislandsandasmuseumworkersdiscoveredsmall
butconstantstructuraldifferencesinmaterialsentin

foridentificationitbecameclearthatanumberofclosely
relatedspecieswereinvolvedThisconclusionhasbeen
strengthenedbyevidenceofdifferencesinabilitytotrans
mitfilariasisandcontroleffortshavebeenmodified
accordingly

AsimilarbutbetterknowncaseconcernstheAnopheles
maculipenniscomplexinEuropeTheabsenceofmalaria
inpartsofEuropewhereAmaculipennisMeigenwas
abundantarousedspeculationasearlyas1920Thiswas
followedbytheannouncementbySwellengrebeldeBuck
andSchoutethattwopopulationsexistedinHollandwith
differentadultfeedinghabitsadultmatinghabitsand
larvalbreedingplacesbutnomorphologicaldistinction
exceptastatisticaldifferenceinsizeAnimportantfor
wardstepwasmadebyMartiniMissiroliandHackett
1931whoshowedthateggpatterndifferencespro
videdapracticalthoughdifficultmeansofidentifying
thespeciesStilllaterworkofageneticalnaturehas
establishedtheexistenceofpartialorcompletesterility
barriersbetweenthedifferentformsFiveorsixspecies
withdifferentmalariacarryingpotentialitiesarecurrently
recognizedBates1940

Intheabovecaseandinotherswherecrypticspecies
areinvolveditwouldbesimplerfromamuseumworkers
viewpointtoignorethebiologicaldifferencesbutthe
taxonomistmuststatethefactsasheseesthemIndeed
fromacontrolstandpointitisabsolutelyessentialthat
hedosoOntheotherhandtaxonomistsmustbewareof
haphazardsplittingwithoutadequatemorphologicalor
biologicaldataThosewhohaveindulgedinthispractice
havecreatedconfusionamongecologistsandcontrol
workers

InNorthAmericanAnophelessimilarproblemshave
arisenandnotallhavebeensatisfactorilyresolvedIn
easternUnitedStatesthereseemstobeonlyonereally
suitablemalariacarrierAquadrimaculatusItisdis
tinguishedwithsomedifficultyfromApunctipennisSay
inthelarvalstagebuteasilyfromAcruciansWiedand
AbradleyiKingEachofthesefourhasdistinctivehabits
oflarvalbreedingandadultbitingAlthoughmuchma
lariacontrolhasbeenmisdirectedatthelastthreespecies
successfulprogramsbackedbyaknowledgeoftaxonomy
andecologyhaveconcentratedonquadrimaculatus



Onetaxonomicproblemwhichisyettobeclarifiedis
theAnophelespseudopunctipennisfranciscanuscom
plexinNorthandSouthAmericaThemoresouthern
andeasternformpseudopunctipennisTheossbites
manreadilyhaswhitetippedpalpiandlarvaewithspir
acularprojectionsThemorenorthernandwesternform
ApfranciscanusMeerhasblacktippedpalpiand
larvaewithoutspiracularprojectionsItsbitinghabitsare
opentoquestionalthoughithasbeengenerallyassumed
nottobitemantoanyextentObservationsofBelkin
EhmannandHeid1951throwdoubtonthispoint
howeverToconfusethepicturethereareseveralegg
typesinboththetypicalformandinfranciscanusRea
soningfromtheseaswellasfromobservedvariationsin
ecologyitmaybethatfranciscanuscanbedividedinto
crypticspeciesoneormoreofwhichmightdeservesome
controleffortItshouldbesaidthatpresentevidence
doesnotstronglysupportthishypothesishowever

InCaliforniatherearethreespeciesofCulexwhichre
sembleeachothercloselyeitherasadultsoraslarvae
TheseareCtarsalisCoqCstigmatosomaDyarandC
thriambusDyarTheydifferinadultbitinghabitsandin
larvalbreedinghabitsCtarsalisisthemostcommonand
isanimportantknownvectorofencephalitidesCstig
matosomaveryrarelybitesmanbutisfrequentlynumer
ousCthriambusisashyandrarecreaturewithunknown
bitinghabitsControleffortshavebeenconcernedonly
withthefirsttwoandthevalueofcontrollingstigma
tosomainveryfoulwaterwhereitoccursinpractically
purecultureisamatterofpresentdebateFurthermore
theecologyoftarsalishasbeenthoughtbysometobe
undergoingachangewithatendencytowardbreedingin
foulwaterCurrentecologicalstudiesshouldprovideus
withmoreexactinformationonthissubjectAlsoneeded
howeverisanevaluationoftheimportanceofstigma
tosomatoitswarmbloodednonhumanhostsUntilthese
questionsareansweredacertainproportionofcontrol
effortisboundtobeinefficient

Aninterestingsituationexistsinthesaltmarshesof
centralCaliforniaHereAedessquamigerCoqandA
dorsalisMeigensharehonorsasseverepestsofmanUntil
recentlyBohart1948thelarvaewereindistinguishable
byanyreliablecharactersandthegatheringofinforma
tiononthelarvalecologywashamperedbythenecessity
oflaboriouslarvalrearingNowthelarvaecanbedis
tinguishedbyaglanceatthesaddlehairlonginsquami
gerandshortindorsalisItisnowknownthatsquamiger
larvaeoccurinaseriesofoverlappinghatchesthrough
wintertoearlyspringanddorsalishasasuccessionof
generationsfromspringtofallThusawinterlarvicide
programwouldkillappreciablenumbersofsquamiger
butnotdorsalisandasummertimelarvicideprogram
wouldkilldorsalisonlyFurthermoreaspringtimemarsh
foggingoperationcouldconceivablybeeffectiveagainst
dorsalisadultswhichtendtostayonthemarshbutnot
againstsquamigerwhichflyquicklytothehillsafter
emergenceWhenallofthesethingsaretakenintoac
countcontrolbychemicalsbecomesacomplicatedmat
terLuckilybothspeciesaresusceptibletomarshdrain
ageprojectsandthesewiththeimpetusofhousingde
velopmentsarereducingtheproblem

Theroleoftaxonomyisnotalwaysunderstoodbythe
selfstyledpracticalmosquitocontrolworkerThis
practicalworkerbelievesthatallmosquitoesarein
juriousirrespectiveoftheirtaxonomyorecologyHehas
atendencytolookonthetaxonomistasanamejuggler
inanivorytowerHearguesthatacontroloperatorcan

98

notwastetimecountinghairsonmosquitolarvaeinamud
puddleHekillsallthelarvaeandadultshecanreachas
rapidlyashecangettothemOccasionallysomeofthese
ideascreepinsidiouslyintothethoughtsofintelligentmen
Thefallacyoftheargumentisthattherealwaysseems
tobetoomanymosquitoestomakeitpossibletokillthem
allIntheattempttodosotimeandmoneyareunneces
sarilyexpendedonrelativelyinnocuousspeciesandun
productivesourceswhileimportantonesareneglected
Inthenecessaryrestrictionofcontroleffortstaxonomy
andecologymusttakeavitalpartOnthelevelofamos
quitocontroldistrictthesolutionissimplythisThe
entomologistmustbeawareoftheidentityofallthemos
quitoesinhisareaHemustknowthebiologyofeachso
wellthathecanvisualizeallofthesuitablebreeding
placesforthelarvaehidingplacesfortheadultsandde
positionsitesfortheeggsArmedwiththisknowledge
gainedbyanintensivefieldstudyofhisareatogetherwith
uptodatepublishedinformationhecanhelpthecontrol
operatorpinpointhiseffortsonthesourcesofthein
juriousspeciesThusthroughtheapplicationoftaxon
omyandecologythousandsofhoursofuselessyetexpen
sivelabormaybeavoidedandemphasiscanbedirected
towardareasofpotentialdanger

REFERENCES

BaileySFandRMBohart1952Amosquitosurveyand
controlprogramonGuamJourEconEnt45947
952

BatesM1940Thenomenclatureandtaxonomicstatusofthe
mosquitoesoftheAnophelesmaculipenniscomplex
AnnEntSocAmer33343356

BelkinJNNEhmannandGHeid1951Preliminaryfield
observationsonthebehavioroftheadultsofAnopheles
franciscanusMcCrackeninsouthernCaliforniaMos
quitoNews112331

BohartRM1948Differentiationoflarvaeandpupaeof
AedesdorsalisandAedessquamigerProcEntSoc
Wash50216217

LangeWHandAEMichelbacher1937Twocloselyre
latedspeciesofHeliothisfoundintomatofieldsofcen
tralCaliforniaBulCalifDeptAgr26320325

MartiniEAMissiroliandLWHackett1931Versuchezum
RassenproblemdesAnophelesmaculipennisArch
Schiffs uTropenhyg35622643

SwellengrebelNHAdeBuckandESchoute1927On
anophelismwithoutmalariaroundAmsterdamProc
KonAkadWetenschAmsterdam306168

ECOLOGICALBYLINESOFANALASKAN
MOSQUITOWORKER

WCFROHNE
ArcticHealthResearchCenter

PublicHealthService

DepartmentofHealthEducationandWelfare
AnchorageAlaska

Biologicalknowledgeof24mosquitoesbelongingto
AedesCulisetaCulexandAnophelesinAlaskaisrather
newandsketchyTobesurethetaxonomisthascon
tributedfairlyadequatedescriptionssothatthelarvae
andmalesatleastmaybeidentifiedAndrapidprogress
isbeingmadeespeciallyinCanadabydiscoveringchar
actersforidentifyingtheallimportantfemalesofAedes
Onthistaxonomicframeworkfieldworkershavebegun
tobuildknowledgeofhownorthernmosquitoesliveand
howtodestroythemtooTheAlaskaInsectProjectfor
exampleundertookanextensivesurveyofmosquitoes
194750whichnotonlydevelopedapracticalcontrol
methodforlargemilitaryinstallationsbutalsoprovided
anuptodatechecklistandphenologicalandhabitat



informationTheauthorbeganasaCheechakowiththe
AlaskaInsectProjectin1948andstayedonafteritsclose

Thepresentpaperviewsnorthernmosquitoesinthe
lightofrecentknowledgebutdoesnotattemptasummary
ofitRathercertainoftheauthorsownfindingsare
classifiedfromanecologicalbiastoemphasizebroad
topicslikelifecycledistributionandhabitsattheex
penseofdetaileddataMarstonBatesandMuirhead
Thomsonsnaturalhistoriesliftedmosquitoecologyabove
merelistsoforganismstablesofphysicalchemicaldata
andnewterminologyTheyhazardedanalysisonahigher
levelofabstractionratherthanbeingsomuchpre
occupiedwiththepurelytechnicalcollectionofdata
AndtheyshowedformosquitostudieswhatBridgmanwas
sayingaboutnuclearphysicsthatitisbetterbecauseit
takesusfurthertoanalyzeintodoingsorhappenings
ratherthanintoobjectsorentities

Alaskaisafavorablecountryforstudyingmosquito
behaviorThoughtheremaybenoendemicspeciesof
mosquitoesinthenorthernTerritorymanykindsreach
greatabundancethereFamiliarexamplesrareelse
whereincludeCulisetaimpatiensandalaskaensisandthe
northernsaltmarshbreederAedespunctodesThein
fluenceofextremetemperatureshighaswellaslowand
oftheinversionsimportantinmosquitobehaviorand
controlcanbeinvestigatedundernaturalconditions
Amongicecakesonemaydipwigglerswhichwillappear
onthewingatperhaps96degreesFThehorizontalset
tingofthemidnightsunprolongsswarmingofcrepuscular
malesandfacilitatesobservationsAlaskanmosquitoes
likethemooseandbearsareferalandnatureisstill
natural

ECOLOGICALGROUPS

Itisinstructivetoseparatemosquitoesintoecological
groupsmanifestingdifferentlifecyclesApparentlyall
Alaskanmosquitoesaresinglebroodedwithanobligatory
diapauseInthemajoritygroupcomprising18speciesof
AedesthehibernationstageistheeggWesenbergLund
andMarstonBateshavedesignatedthisfamiliartypeof
lifehistorytheAedescinereuscycleCinereusitselfisa
commonspeciesinAlaskaInaminoritytypeofcycle
fourormorespeciesbelongingtoCulisetaCulexand
Anopheleshibernatequitedifferentlyasadultfemales
Iproposedthisnewtypeoflifehistorybenamedthe
CulisetaimpatienscycleThecommoncharacteristicsof
thesetaxonomicallymiscellaneousspecieswillbedis
cussedpresentlyTheyarequitesimilarecologicallyeven
forexampleintheiraquatichabitatpreferencesWhat
specificdifferencesthereareemphasizeratherthanhide
afundamentalidentityoftypeThebiologicalgroups
haveprovedtobeausefulconceptOthertypesofmos
quitolifecycleshavenotbeenfoundinAlaskaandsince
singlebroodednessisexceptionalratherthantherule
farthersouththeclassificationalsoemphasizesthemost
generaldifferencesettingnorthernmosquitoesapart

MOSQUITODISTRIBUTION

Mosquitoesoftemperatesubarcticandespeciallyof
arcticAlaskarepresentalargerselectionbiotaofcold
tolerantholarcticorganismsLowtemperaturesarethe
countryschieflimitingfactorOfcoursefewestspecies
occurin1thearcticwheretheentirelocalmosquito
faunamayconsistofthreeorfourspeciesofAedespar
ticularlypunctorandcommuniswhichaboundandpro
duceaterriblepestproblemforaboutfourweeksper
yearNowhereelsearesofewspeciessonumerousThis
accordswiththeprinciplethatthenumberofspecies
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decreasesofindividualsincreasestowardthepolesIn
brushyvalleysofthearcticshelteredbyminiatureaged
willowsafewCulisetaalaskaensismayrepresentthe
minortypeoflifecyclerelyingonadulthibernation2
TemperatemaritimeSoutheasternAlaskaiscoolerin
summerthanthesubarcticOnly13mosquitoeshaveyet
beenfoundofwhichnineareAedesfourCulisetaC
incidensandmaccrackenaeareknowntooccurinAlaska
thereonlybutCalaskaensisisabsentexceptattransi
tionalHainesthelocalitywhereCulexterritansalsohas
beencollectedAnopheleshasnotbeenfoundinSouth
easternAlaskaIn3subarcticAlaskaflyallbuttwoof
themosquitoesoftheAlaskanchecklistreflectingwarm
summersWickersham1938claimsFairbankshasabout
1800hoursofsunshineinthe100dayperiodMay20
September1ascomparedwith1500hoursforsunny
CaliforniaTheprevalenceofmosquitoeswiththeCuli
setaimpatienscyclelengthensthemosquitobitingseason
tofourmonthsThealpinepartsofsubarcticandtem
perateAlaskaarebleakNeverthelessthehighlandsabove
timberlinesupporttypicalsubarcticaswellasarctic
mosquitoeswhichseemtohaveaneyeforhabitatsrather
thanmeteorologyAtMcKinleyParkin1954forex
amplethepredominantalpinespecieswasthebenign
Aedespullatusasubarcticspecieswhichfavorsbarren
poolsofglacierapronsandintermittentstreams

CulisetaimpatiensCYCLE
Thisminortypeofmosquitolifehistorycombining

singlebroodednesswithanobligatorydiapausebythein
seminatedcoldhardyadultfemalewasrecognizedasnew
about1950fromfieldobservationsandthebehaviorofa

laboratorycolonyofCimpatiensThisspeciesandC
alaskaensisprobablyfollowthesamecyclefaithfully
throughouttheirrangesintohighermountainsofthe
temperatezonesothatthecyclecharacterizesthemas
speciesTheyalsoareverylikelypristinesubarcticmos
quitoeswhichsurvivedtheiceagenorthaswellassouth
ofthecontinentalglaciersThusNatvig1948cites
distributionalevidencefortheantiquityinScandinavia
ofCalaskaensiswhichheincludesamongfourmosqui
toeshecallsarchiborealTheAlaskanAnophelesand
Culexterritansareconjecturablyrecentconvertstothe
Cimpatienscyclefortheidenticalspeciesyetmanifest
ingtheCulexpipienscyclehavewiderangestothesouth
Verylikelyadaptationtookplaceparipassuwithim
migrationinPleistocenetimewhenthecontinentalice
sheetsweremelting

Theadaptationsincommonpermittingmosquitoeswith
theCimpatienscycletoliveinthefarnorthdepart
widelyfromcorrespondinghabitsoftemperatespecies
withtheCulexpipienscycleHibernationbecameobliga
toryforfemalesaftermatingratherthanoptionaland
dependentonaproperstimulusThediapausewasiniti
atedinthewarmestpartofthesummertoincludeabout
twomonthsofaestivationfollowedbyeightmonthsof
hibernationThisdecreasedmortalityandpermittedsup
pressionofthebloodlustuntilafterhibernationNoneof
thesespeciestakesbloodandmanifestsgonotrophicdis
sociationwithdevelopmentoffatbodiesforhibernation
Insteadofproducingseveralbroodsperseasontheyre
quiretwoseasonsforareproductivecycleColdtolerance
ofthefemalehasdevelopedsothatmonthsofsubfreezing
weeksof50Fandsuddenfluctuationsabovefreezing
arewithstoodHermetabolismofdigestionandeggpro
ductionproceedthoughslowlyatrelativelycooltemper
aturesCimpatienswillengorgeat32degreesFand
restafterwardsonasnowdriftOvipositionoccurredin



thelaboratory145daysontheaverageaftergorging
forCimpatiensandforCalaskaensisonlyafter321
daysThecontrastwithtropicalanophelineswhosetime
intervallaywithinacoupleofdaysorevenwiththatof
CulisetainornataintheUnitedStateswhichrequires
only53daysOwen1942isstrikingThisperiodcould
notbeshortenedforeitheroftheAlaskanCulisetawith

temperatureshigherthan65Fwithoutexcessivemor
talityTheeggsandpupaecreaturesoftepidwaters
shownoappreciablecoldtoleranceandthelargerlarvae
stopfeedingwhenthewatertemperaturedropsbelow
about50FThecoldhardinessofthesespeciesisthus
acharacteristicofthelonglivedfemaleFormosquitoes
withtheAedescinereuscycleontheotherhandeggs
larvaeandsometimespupaeratherthantheadultswith
standcold

SWARMS

Interestinswarmingofmalemosquitoeshasbeen
stimulatedrecentlybythethoroughphysiologicalstudy
ofNielsenandGreve1950inDenmarkTheirbold
conclusionthatswarmingandmatingareunrelated
phenomenacouldnotbeleftunconfirmedTheysaw
onlythreecopulationswhileobservingseveralmillionsof
mosquitoesinswarmstheyignorednumerouscontrary
observationsoftheliterature

Almostidealconditionsforobservingswarmsexistin
AlaskaTheswarmingofmyriadsofnewlyhatchedmos
quitoesjustbeforesummersolsticecoincideswiththe
longestbrightestdaysoftheyearTwilightislongand
strongandtheswarmersmaybewatchedforhourswith
theunaidedeyeBycontrastinthetropicsobservations
mustbemadewithinafewminutesoffailingtwilightor
artificiallightusedandtheswarmingisnotconcentrated
intoashortseasonInboreallatitudesduringthelong
horizontalsunsetswarmingmosquitoesmaybesil
houettedagainstthehorizongreatlymagnifiedbyTyndall
effect

InJune1952atAukeBayinSoutheasternAlaska
threesitesinmygardenclearingwerethesceneofthirty
eightverylargeswarmsofAedespunctoroneofthe
speciesstudiedbytheDanesAtthecloseofthatseason
mysonandIreportedourobservationsinMosquito
Newsconfidentthatwewerewellontheroadtounder
standingthesignificanceofmaleswarmsNowtwoyears
laterweknowtheproblemiscomplexIn1952wede
terminedapproximatecopulationratesrangingfrom25
to150perminuteAnestimateofhundredstothousands
ofcopulationsperswarmpereveningisconservative
SwarmingendedinthegardenclearingonJune22for
theseasonOnJuly12anduntilAugust14thirtysix
latepunctorswarmsofadifferentsortwerewatchedat
twositesontheshoresofAukeBayTherewerefew
participantsandveryfewinstancesofmatingwereseen
duringmanyhoursofobservationFromdippingsurvey
datatheseJulyAugustswarmerswereoldmalesWe
designatedtheswarmsnonfunctionalratherpresum
ingthefunctionofswarmingtobematingItwasreason
abletoassumethatwhenthemainemergenceof
Mayoccurredthereweremanymorerobustmalesand
virginfemalesandthereforespringmatingwasata
higherratethaninsummerLateronthefemaleswould
bemostlyinseminatedthemalesoldexhaustedordead
andthereforesmallerswarmsandlessmatingweretobe
expected

ThefollowingseasonintheCopperRiverregion
swarmsofAedescommuniscataphyllaexcruciansand
Culexterritanswereobservedbutrelativelyfewin
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stancesofmatingwereseenEachspeciesproducedtypical
swarmsatcharacteristicswarmingsitessupportingclaims
ofDyarandWesenbergLundThoseofexcruciansonly
werelargewithhundredstothousandsofparticipants
butsincethatspeciesswarmsarediffuseandoccurat
darkthestatusofmatingisuncertainalthoughsome
pairingwasprovedCulexterritansswarmedintheopen
inmidafternoonAnotepublishedonitsdiurnalswarm
ingunfortunatelyomittedreferencetothebeautifulob
servationsthenunknowntousofLeviCastilloon
HaemogogusswarminginbrighttropicalsunshineNiel
senandGrevebelievedthatcrepuscularswarmingby
diversemaleNematoceraisthesamephenomenonSurely
theswarminghabitisfarmoreuniversalandtheseau
thorswereoverlyimpressedwiththeinfluenceofsunset
andsunriseInAlaskaweareobservingdiurnalswarms
ofblackfliesphoridsandchironomidsandthecrepus
cularonesofmosquitoeschironomidscranefliesdance
flieschieflyRhamphomyiaetcforhintsastothe
significanceofswarmingmosquitoesWhetherthemating
dancesofMayfliesareduetothesamehabitisuncertain
WethinksoItisdifficulttodistinguishswarmsofthe
craneflyLimoniaRhipidialeconteiAlexfromthose
oftheMayflyParaleptophlebiadebilisWalkkindly
namedbyDrsAlexanderandBurksInthemainthe
1953findingswereinconclusiveastomatinginswarms
butprovidedfurtherdetailsneededtomakeswarming
apredictablephenomenonThepossibilityofinducing
mosquitoswarmslikethoseofthemidgeAnatopynia
algenswhichwemovedaroundwithawhitelinensheet
isthatmuchcloser

MOSQUITOPREDATIONANDSWARMING
BYRhamphomyia

TheinterestingmatinghabitsofcertainEmpididaeor
DanceFliesarewellknownAhumorousarticleinthe

NewYorkerfactuallydescribedthoseEmpismaleswhich
offerasmallinsectpreyorfrothybubbleincourtship
InAlaskatheswarminghabitsofseveralundescribed
speciesofRhamphomyiawhichalsomanifestunfamiliar
newtypesofmosquitopredationhaveintrudedonour
observationsofmosquitoswarmsMrShewellofCanada
isdescribingthenewspecieswhichweshallsimplydesig
nateswarmpredatorsandpupalpredatorsTuomikoski
1952ofFinlandsummarizesRhamphomyiaspredatory
habitsClearlythoseofourAlaskanspecieslikethe
speciesthemselveswereundescribedacoupleofyears
agoItisthemaleswhicharepredatoryThemalesof
twoRhamphomyiaspeciescommonlyswarmdirectly
aboveAedesswarmsandcapturemosquitomalesand
pairsonthewingThreeorfourotherRhamphomyia
speciestirelesslyskimAlaskanpoolspondsandlakesto
pounceonemergingmosquitopupaeSincewereported
mosquitopredationofthelatterkindfromthenorth
AlexanderHubert1953hasobservedthesamebe
haviourbyadifferentRhamphomyiainMontana

SWARMPREDATORS

OurinvolvementwithRhamphomyiabeganinSouth
easternAlaskain1952whenswarmpredatorsallmales
werenoticednightafternightcirclingovertheswarmsof
AedespunctorFromtimetotimeoneoftheseDance
FliesseizedamalemosquitoorapairThenextyear
anotherspecieswasfoundinCentralAlaskapreyingon
theswarmsofthreeotherAedesThissecondswarm

predatorwasseentocopulatethoughrarelyInthisway
webecamefamiliarwithitslargerfemalewhichhaving
bicoloredwingscanbedistinguishedintheairfromthe



smallermalewithuniformlyinfuscatedwingsShortly
femaleswarmswererecognizedwheremuchmoremating
occurredThefemalesswarmedratherhighintheair
1015feetinopeningsbetweentreesandalonga
narrowroadItwasapparentthatforthisspeciesthe
malepredatoryswarmwasafarlessimportantmating
sitethanthenonpredatoryfemaleswarmThepairsin
coitusettleoutoftheswarmsandareeasilycollected
Hereisadipterousswarmerreversingtheusualswarming
behaviourofthesexesHoweveritwasnotedthaton
eveningswhenthemosquitomalesdidnotswarmand
longafterswarminghadceasedfortheseasonatmosquito
swarmingsitestheRhamphomyiamalesoftenswarmed
justthesameabovetheemptymosquitoswarmingsite
Oneistemptedtothinkpredationistheirpurposeat
mosquitoswarmingsitesbutmosquitoesespeciallyfe
malesareavailableelsewhereConsideringtheoccasional
copulationsandparticularlytheaggressivebehaviourof
theswarmingRhamphomyiamalestowardeachotherit
isconcludedthatpredationisasecondaryactivitymating
theprimaryoneHoweverpredationisbecomingmore
importantasmatingatmaleswarmsbecomesvestigial
beingtransferredtothefemaleswarmsLongsearchfor
thefemaleandmatingoftheAukeBayspecieswasun
successfulbuttheeffortsledtodiscoveryoftheRham
phomyiapredatorsofmosquitopupae

RhamphomyiaPUPALPREDATORS
Thepupalpredatorstirelesslybuzzthesurfaceofall

kindsofwatercollectionsTheystopskimmingonlyfor
heavyrainsstrongwindsorwhenitisquitedarkIhave
watchedmyriadsofthemskimmingonvastNaknekLake
Mosquitoandmidgepupaeattemptingtoemergeare
harriedThefewwhichmanagetohatchatthewaters
edgeusuallyareseizedandcarriedawaybeforetheir
wingsdrySwattedmosquitoesfallingonthewaterare
grappledwithandtakenoffTheRhamphomyiaavoid
eachotherasskillfullyasbatsorswallowsbutwhenone
isengagedtryingtoliftaheavyinsectfromthewater
hemaybeviciouslyattackedbyothersInthespecies
observedinSoutheasternAlaskabothsexeswerecol

lectedoverthewaterMatingwasoverlookedNext
seasonasecondpondskimmingRhamphomyiapredator
wasobservedintheAlaskaPeninsulaThedorsalsurface

oftheabdomenofthefemalesportsaflashysilverwhite
saddlemakingthesexconspicuousSwarmingandmating
ofliterallythousandsoftheseskimmerswereobservedon
adarkafternooninearlyJulyThemalesordinarilydis
regardthefemaleswhilebusyskimmingbutwherethe
femalesswarmedabovetheminthedenseshadeoverthe
poolofaswifttorrentmatingwasobservedatclose
rangeSupernumerarymalesusuallyinterferedwithpairs
astheyflewupandoutoftheswarm

Thethirdseasontwoadditionalpupalpredatorskim
merswereobservedinMcKinleyParkOneofthema
distinctivespecieswascharacteristicofhigherelevations
itsmatingwasnotseenTheotherspeciesofthePark
whichmaybeidenticaltotheSoutheasternAlaskanform
wasexceedinglyabundantjustbelowtimberlineMales
wereobserveddayafterdaydiligentlypreyingonAedes
pullatuspupaeinthepoolsofanintermittentstream
OnecalmJulyeveningjustbeforedarkadifferenceof
behaviourwasnoticedManyoftheflieswerecomingand
goingafootortwoabovethewaternolongerskimming
Sampledinthenettheseweremostlyfemalesthosestill
skimmingweremalesmatingpairswereconstantlyflying
awayatthefemalelevelThisfemaleisdrabbuther
behaviourwaslikethatoftheshowyfemaleswithsilver
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saddlesThefemaleswarmsofbothseemstrictlycompara
bletothefemaleswarmsoftheswarmpredatorwith
bicolorwingsSwarmingandmatingofthedrabpupal
predatorcontinuedintothedarkItwasbestobserved
attwilightagainstthebrightreflectionoftheskyinthe
water

Tosumuppredatoryandswarminghabitsofthese
fiveorsixRhamphomyia1Themalesoftwospecies
swarmattwilightabovemaleswarmsofAedesandprey
onmalemosquitoesandpairsOccasionallycopulationof
RhamphomyiaoccursatthepredatorymaleRhamphom
yiaswarmsNormallyhowevercopulationtakesplaceat
nonpredatoryfemaleswarms2Themalesofother
speciesofRhamphomyiaarediurnalpondskimmers
whichpreyonemergingmosquitopupaeespecially
AedespicnipspullatusandpunctorThenonpredatory
femalesswarmbydayorcrepuscularlyformatingpur
posesoverwatersfavoredbytheskimmingmalesMale
matingswarmswerenotfoundApparentlythenonpred
atoryfemalesof1areassumingthefunctionofswarm
ingformatingwhilethoseof2havealreadyassumed
thatfunction
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ECOLOGICALAPPROACHTOSTUDIES
OFMOSQUITOESINIRRIGATEDAREAS

BASILGMARKOS

Theunderlyingprincipleofresearchintomosquitoes
andtheircontrolinCaliforniaistheecologicalapproach
Twentyeightyearsagoin1926FreebornwroteThe
realscienceofmosquitocontrolandtheefficientapplica
tionofcontrolmeasuresrestuponanaccurateknowledge
ofthetaxonomyofthegroupandathoroughacquaint
ancewiththeecologyofthespeciesinvolvedThisim
pliesalogicalorderofstudyindeterminingordeveloping
ascientificbasisformosquitocontrolmethods

InCaliforniatheworkofsuchoutstandingandwell
knowninvestigatorsasHermsFreebornGrayReeves
BellamyBohartBelkinAitkenBrookmanThurman
andHusbandstonameonlyafewhasbeencharacterized
bythisscientificattitudeItisonlythoroughandcom
pleteunderstandingoftheindividualmosquitospecies
theirpeculiaritiesandbehavioronayearroundbasis
thatpreciseandeconomicalcontroltechnologycanbe
assured
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BureauofVectorControlBerkeleyCaliforniaforinforma
tionandassistanceinthepreparationofthispaperTheas
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Ecologyisthescienceoftheinterrelationsbetween
livingorganismsandtheirenvironmentThereforein
ordertounderstandthescopeofecologyinmosquito
controlitisessentialthatthenicheoccupiedbythein
dividualmosquitospeciesbefullyunderstoodwithrespect
tobothitsaquaticanditsterrestrialexistenceThesub
jectmustbeconsideredinrelationtootherbranchesof
biologyandtoologiesingeneral

Thepreventionofanimalbornediseasesofmanisoften
anecologicalaswellasamedicalproblemOdum1954
statesthatcontrolofaspecificdiseasecarrierisoften
accomplishedmoreefficientlyandcheaplybycontrolof
theorganismsenvironmentorcommunitythanbydirect
attackontheorganismitself

Mosquitoeshavebeencontrolledmoreefficientlyand
cheaplybymodifyingtheaquaticcommunityasby
fluctuatingthewaterlevelforexampleIntheTVA
controlprogramCartrellandLudvik1954observe
thatchemicalcontrolmeasureshavealwaysbeencon
sideredassupplementaryprincipalreliancebeingplaced
onenvironmentalornaturalisticcontrolmethodsThe

insecticideshaveservedthemwellpendingtheestablish
mentofsatisfactoryenvironmentalmethodsTheyreport
thatthereisacontinuingneedforefficientlarvicidal
measuresforusewhenemergencysituationsariseandas
apartoftheregularcontrolprogramtoobtainthemaxi
mumbenefitfromwaterlevelmanagementschedules
Lindquist1953inaninterestingdiscussionofbiologi
calresearchonmosquitoesasabasisfortheircontrol
notesthatmosquitocontrolwithchemicalstodaywould
befarlesssuccessfulifwedidnothaveconsiderablebio

logicalknowledgeofthepestsHeusesthewordbiology
initsbroadsensetoincludebehaviorhabitsand
physiology

Initsmorescientificaspectsecologyisacomplexsub
jectrequiringconsiderableresearchtimeinorderto
arriveatvalidconclusionswithrespecttoeffectivecontrol
measuresGjullinYatesandStage1950studiedfora
numberofyearstwofloodwatermosquitoesAedesvexans
MeigandAedessticticusMeigwhichinhabitopen
andwoodedlowlandsfloodedbyannualspringpeaksof
theColumbiaRiverThelastsentenceintheirsummary
page275states Duringaperiodof18yearsaquan
tityofecologicalandbiologicaldatawasaccumulated

Consequentlyagreatdealofdiligentstudyofmos
quitoesisinorderbeforewecanevenbegintoentertain
theideathatwearethemastersofmosquitoesevena
singlespeciesItalsoemphasizesthefactthatitisvirtually
impossibletoobtainknowledgeofmosquitocontrolon
anentirelyempiricalbasis

Lindquistloccitbelievesthatonereasonwhyitis
difficultforlaymenandpersonsengagedinmosquito
controltoappreciatebiologyisbecausesoundbiological
researchisdifficultandslowHepointsouttoothat
significantdevelopmentsusuallydonotcomeovernight
butonlyafteryearsofintensivestudyunderexacting
scientificmethodsReeves1950isoftheopinionthat
asarulethediscoveryofecologicalfactsfallsintoone
oftwocategories1Ifitisafactwhichleadstonew
controlmethodsorisincorporatedinexistingmethods
itisquicklyacceptedandbecomesapartofcontrolpro
cedures2Anecologicalfindingforwhichnoimme
diateusecanbefoundisfrequentlyregardedsceptically
asascientificoddityandconsideredtheproductofan
impracticalscientistsworthlessefforts

AlleeandCoworkers1950showthattheapplication
ofevenawellformulatedgeneralizationtoagivensitua
tionmayrequirefurtherresearchForexampleinthe

102

controlofmosquitobornediseasesofmanthemosquitoes
thattransmitepidemicyellowfeverbehaveaccording
toruleItisnotsowiththeanophelinemosquitoesthat
transmitmalariaEachtypeofmalarialvectorisaspecial
caseandwithoutfurtherknowledgethegeneralprin
ciplesmayseeminapplicabletothegivensituationAc
cordinglyinanadequatemosquitocontrolprogramun
dersuchvariedconditionsasexistinCaliforniathe
neededlocaldetailisofequalvaluewithknowledgeof
theunderlyinggeneralprinciples

Wallis1954pointsoutthatinfilariasiscontrolin
Samoatheusualmethodsofinsecticideapplicationisnot
practicalandattemptsarebeingmadetoreducepopula
tionsofAedespolynesiensisMarksbyacleanupprogram
eliminatingthecollectionsofrainwaterincoconutshells
andothercontainersinwhichthisspeciesbreeds

Oneoftheoutstandingexamplesoftheapplicationof
scientificinformationtothecontrolofaninsectpestis
theremarkableefforttodestroythescrewwormwhich
annuallycausesmillionsofdollarsinlossesUnitedStates
DepartmentofAgriculturescientistsareworkingonthis
problemwithDutchauthoritiesontheCaribbeanisland
ofCuracaoInviewofthefactthatthefemalemates

onlyonceayearandwithonlyonemaleresearchworkers
arereleasingthousandsofmalesmadesterilebyexposure
togammaraysfromradioactivecobaltThusfemale
flieswhichmatewiththesterilizedmaleswilldeposit
sterileeggs

InthePhilippinesthecontrolofschistosomiasisby
treatingsnailswithknownmolluscicideshasbeensus
pendedinordertocarryoutecologicalstudiesandlearn
moreaboutthefieldaspectsofthediseaseinhopesof
developingmoreprecisecontrolmethods

TheSardinianMalariaEradicationProjectwassug
gestedasanapplicationofmodernscientificinformation
onalargescaleexperimentalbasisPlanscalledforeradi
cationofAnopheleslabranchiaeFalleronionthesecond
largestislandintheMediterraneanhavinganareaof
over9000squaremilesandapopulationof1250000
Thecostoftheprojectamountedtomorethansixbillion
lireandwasactiveformorethan4years

Logan1953reportsthatasaresultofERIAAS
operationsmalariaasapublichealthproblemhasbeen
eliminatedfromSardiniaItwasreportedthatthenum
berofcasesincludingprimaryinfectionsreinfections
andrelapseswasreducedfromthemaximumof78173
in1944to44in1950and9in1951Nonewcaseswere
verifiedin1950andofthe9casesreportedin1951only
onewasconsideredasapossibleprimaryinfectionErad
icationofthevectorwasnotsuccessfulandfromthe
evidencepresenteditisapparentthattheindigenous
labranchiaehasawholeseriesofsurvivalcharacteristics

whichhavebeendevelopedovermanythousandsofyears
Thesecharacteristicsnormallymakethemmuchmore
difficulttoeradicatethananimportedspeciessuchas
forexampleAnophelesgambiaeGillsinSouthAmerica

AccordingtoLoganloccitTheprojectfocused
attentionontheshortageofdataregardingtheecology
andthephysiologyofanophelinesandtheneedformore
informationabouttheactionofinsecticidesItalsoem

phasizedtheimportanceofresearchandinvestigationas
afundamentalpartofinsectcontrolworkandthediffi
cultyofextendingoperationsbeyondthelimitsofexisting
scientificknowledge

Loganbelievesthateradicationremainsapotent
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thoughexpensivepossibilityinanysituationwhereman
isengagedinraisinglivingstandardsbythesuppression
oreliminationofharmfulinsects

Hegoesontostatethateradicationshouldbebased
onanaccurateknowledgeofthebiologyofthevector
involvedandprovisionshouldbemadetoutilizeany
equipmentormethodwhichseemsadvisableunderthe
circumstances

Loganconcludesthatsuchaprojectshouldnotbe
rigidlyconfinedbytimeorfinance

Rapidpopulationgrowthanddevelopmentnecessitates
thecontinuingdevelopmentoftechnicalknowledgeon
thehighestlevelpossibleGiglioliandCharles1954
observethatpriortotheDDTerathecomplexhydro
logicalsystemandthecultivationoftwostaplecropsin
thecoastalbeltofBritishGuianasuppliedallthecondi
tionsrequiredfortheabundantandcontinuousproduc
tionofAnophelesdarlingiRootintheimmediatesur
roundingsoftownsandvillagesTheyreportthatma
lariometricrateswereusuallydirectlyproportionaltothe
degreeofdevelopmentofdrainageandirrigationworks
andthereforetothestageofagriculturaladvancement
ineachdistrictTheyalsoobservedthatintheeastern
partofthiscoastalbeltagriculturaldevelopmentwas
lessadvancedandthemanmadefactorswhichprovided
theconditionsforcoastalmalariaendemicitymorerela
tivelydeficientinextentandrestrictedintheirdistribu
tion

Thegreatestdetrimenttoadequateaccomplishmentin
mosquitopreventionandcontrolinCaliforniaisthe
limitedknowledgeconcerningthebionomicsandecology
ofmosquitoes

Thrapidgrowthanddevelopmentofmosquitocontrol
inCalifornianecessitatesthecontinuingdevelopmentof
technicalknowledgeonthehighestlevelpossibleCon
tributingtothishavebeenmanyunforeseenproblems
arisingthroughthecreationofavarietyofnewmosquito
habitatsasaresultoftheStatesvastwaterresourcesde

velopmentagriculturalexpansionincreasedpopulation
andindustrialgrowthTheseconditionshaveledtoa
continuingdemandforoperationalinvestigationsand
researchpertainingtomosquitoecologyinordertode
velontheadditionaltechnicalknowledgenecessaryfor
efficientexecutionofthecontrolprogramandthemost
economicaluseofthefundsprovided

Mosquitoproblemsarenotstaticbutarechanging
withtheeconomicdevelopmentofthestateForexample
thecommonpasturemosquitoAedesnigromaculisLud
lowwhichwasunknowninCaliforniapriorto1936is
todaymorenumerousintheCentralValleythanany
othersinglespeciesandisanimportantfactorinhuman
andanimaldiscomfortCulextarsalisCoquillettisthe
mostwidelydistributedandcommonmosquitointhe
statelargelybyreasonofitsabilitytoutilizeawideva
varietyofartificiallycreatedaquaticsourceswhicheach
yeararebeingincreasedastokindsizeandnumber

Theoperationalinvestigationsproposaltobeconducted
inCaliforniabytheBureauofVectorControlwouldbe
concernedwithmosquitoecologyandcontroltechnology
Thiswouldinvolveasoundscientificbalanceofbiologi
calphysicalandchemicalapproachestoeachelement

5TheanalysisonmosquitocontrolstudiesneededinCalifornia
wastakenfromareportpreparedbyasubcommitteeofthe
VectorControlAdvisoryCommitteewiththeassistanceof
staffmembersoftheBureauofVectorControlThesubcom
mitteeconsistedofMrHaroldFGrayChairmanMrC
DonaldGrantDrWilliamCReevesandMrEChester
Robinson
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ofstudyTheCaliforniaMosquitoControl
andtheBureauofVectorControlCaliforniaStateDe
partmentofPublicHealthhavetwostudiesunderway
oneisconcernedwithpasturemosquitoestheotheris
basedonastudyofricefieldmosquitoesInadditionto
thesetwostudiestherearenumerousotherphasesof
mosquitocontrolthatareinneedofadditionalstudy

Cottonfieldsareknowntobeproductiveforunde
terminedbutpotentiallygreatnumbersofAedesand
CulexOfthesetheencephalitisvectorCulextarsalis
CoqisbelievedtobethemostsignificantCotton
plantsusevaryingamountsofwaterindifferentlocalities
andunderdifferentconditionsTheheaviestirrigation
isneededinlateJulyAugustandSeptemberwhenthe
temperaturesarehighestandtheplantsareatthepeakof
floweringandbolldvelopmentThiswaterusecoincides
withthepeakofmosquitoproduction

In1952theencephalitisoutbreakandemergencyefforts
tocontrolCulextarsalisrevealedhowinadequateisthe
understandingofthisspeciesNeverthelessvirtuallythe
entiresubventionprogramisbaseduponthecontrolof
thismosquitoInformationontheecologyofCulextar
salisisvitaltoitscontrolandpossiblytothecontrolof
encephalitis

InthemosquitomeasurementprograminCalifornia
thereareseveralaspectswhichrequiredevelopmentin
ordertoobtainmorepreciseknowledgeindetermining
whatlevelofCulextarsalispopulationislikelytoresult
inencephalitisOnephaseofthisstudyvisualizesthe
needforareliabledeviceordevicesbywhichtoestablish
amosquitoindexbaseduponstandardmeasurementfrom
onelocalitytothenextthroughoutthestateIntheother
phaseeffortswouldbedirectedtowarddevelopinga
methodofdeterminingtheinfectionratewhichwould
beusedtoguidemosquitocontrolmeasuresinspecific
localities

TheresistanceofmosquitoesparticularlyofCulextar
salistochlorinatedhydrocarboninsecticidesisofprimary
concernItisobviousthatreliableinsecticidesmustbe
developedandmadeavailabletomosquitocontrolagen
ciesforthecontroloftheadultstageandtheaquatic
stages

Inconclusionthereisanobviousneedforadditional
workinthefieldofecologyinordertocomprehendmore
fullyandtherebytohopefullyresolvetheproblemsof
mosquitocontrolaswellasthoseofvectorcontrolThis
impliesalogicalorderofstudyindeterminingorde
velopingascientificbasisformosquitocontrolmethods
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ECOLOGICALINTERRELATIONSHIPSIN
IRRIGATEDPASTURES

RICHARDCHUSBANDSEntomologist
CooperativeOperationalInvestigations

CaliforniaMosquitoControlAssociationand
BureauofVectorControlIrrigatedPastureStudy

Irrigatedagricultureandpopulationdevelopmentin
Californiabylogicalsequencebroughtaboutthedemand
foreconomicandhealthprotectionthroughmosquito
controlBythesamelogicalsequencethegreatesteffort
inprovidingprotectionwasaimedatthemajorsourcesof
mosquitoesAmongthesesourcesareirrigatedpastures
Logicaltoowasthedevelopmentoftherealizationthat
ecologicalstudiescouldassistmanyphasesofmosquito
controleducationbudgetingjustificationprogramming
farmerrelationscooperationaswellasmoreefficient
controloperationsandthedevelopmentofnewcontrol
methodsToprovidethisassistancetheirrigatedpasture
studywasinitiatedin1949Undertheinspiringleader
shipofDeedCThurmanandtheextremelycapable
assistanceofEarlMortensongreatstridesweremade
towardfulfillingtheinitialgoalofthestudy

Withintheframeworkprovidedbythefundsandper
sonnelavailablethestudywasdesignedtoplacemostof
itseffortupontheinvestigationofsinglepasturesEco
logicalstudiesaregenerallydevotedtoastudyofin
dividualspeciesandusuallythestudyofaspecificarea
suchasanirrigatedpastureisnotlookeduponwithgreat
favorbysomeleadingecologistsHoweverunderthecir
cumstancestherelationshipoftheproblemtospecific
difficultiesinmosquitocontrolandinagriculturalmeth
odsmadethisareairrigatedpasturestudypractical

Thustheirrigatedpasturestudycanbedescribedasan
areastudywhichplacedmajoremphasisuponalimited
descriptionofthenichesavailabletothreeimportant
speciesofmosquitoesAedesnigromaculisLudlow
AedesdorsalisMeigenandCulextarsalisCoquillett
Theinterrelationshipsbetweenspeciesandtheirenviron
mentinirrigatedpasturescouldbeexaminedindetail
inlimitedareaswithinthepastureorcouldbeappliedto
statewideecologicalproblemsForthispurposethestudy
obtainedinformationfrom1smallareaswithinapas
turelimitedareas 2fromsinglepasturesand3
fromacomparisonofseveralpasturesThisinformation
couldbeappliedto4countyorabatementwideareas
and5tostatewideareasinvolvingthedevelopmentof
waterresourcesirrigationandpastureagriculture

Typesoflimitedareastudiesthatactasbuildingblocks
forecologicalmeasurementscanbecitedForexample
in1950DCThurmanetalmeasuredwatertempera
turesinlimitedareasandfoundthatitinfluencedlarval
habitsInvegetatedareasshallowstandingwaterexhib
itedconsiderablevariationintemperaturefromtopto
bottomThiswasconsideredtopossiblyinfluencelarval
feedinghabitsratesofgrowthandthegregarioushabits
ofcertaininstarsofAedesspecieslarvaeTheoreticallyit
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couldinfluencedatabyaffectingsamplingfromonearea
toanotherandfromonetimeofthedaytoanotherUn
derlaboratoryconditionstemperaturesof110 115F

weregenerallylethaltoAedesspeciesPasturewatersel
domreachesthisheightandthereforehightemperatures
apparentlydonotproducealimitingeffectuponAedes
mosquitopopulationsHowevertemperaturesbelowthis
lethalrangedodecreasegrowthratesandeventually
exertalimitingeffectAtcertainlowtemperaturesAedes
eggsfailtohatchifproperlyconditionedandCulex
speciesfemalesgointosemihibernationAnotherex
ampleofalimitedareastudyistheexaminationofthe
problemoflarvalfoodanditsabundanceBates1949
andothersconcludethatundernormalconditionsfood

willnotlimittheabundanceofspeciesBasedupongen
eralobservationsoffluctuationsinAedeslarvalabun
danceinpasturesithasbeendeterminedthatlarvalfood
doesnotnormallyexertalimitinginfluenceInsectsize
alsocanbedeterminedbytheabundanceoffoodOver
crowdingoflarvaemaydecreasegrowthrateslarval
sizelongevityandfecundityIfovercrowdingisextreme
intheearlyinstarsfailuretoattainacertainsizewill
preventpupationandresultinthedeathofaportionof
thepopulationHoweverthisseldomisthecaseinnature
Itshouldbenotedthatastudyoflarvalfoodhabitsmay
openavenuesofcontrolthroughthedestructionoffood
orbyinterferingwithmethodsoffeeding

Complextemperaturemoistureinterrelationshipcan
bedemonstratedTheeggstageinAedesspeciesshows
periodsofarresteddevelopmentordelayedphysiogene
sisAsmentionedbeforeAedeseggsfailtohatchduring
thewinteralthoughfloodedfrequentlyApparentlycon
ditioningfactorsofmoistureandtemperaturerelation
shipsinitiateanddefinethelengthofthisperiodBased
uponrecentworkonegghatchingstimuliiithasbeen
suggestedthataquiescentordormantconditioninAedes
eggsmayoccurduringthesummerwhichmaybebroken
byacombinationoffactorsunknowntoproducesud
denincreasesordecreasesinsummerpopulationsof
Aedesmosquitoes

Thebasicdataregardingmosquitopopulationspro
ducedinasingleirrigatedpasturemayapplytofieldsof
thesamegeneraltypeFieldsofdifferenttypesmustre
quiresomemodificationintheapplicationofdataEx
amplesofsinglepastureecologystudiesofinterrelation
shipscanbecitedbaseduponpreviousworkExamples
aretheinfluenceofirrigationcyclesuponsizeofre
sultantbroodsofmosquitoesspeciescompositionofpas
turesandtheinfluenceofpasturedeteriorationupon
speciescompositiontherelationshipbetweenCulexand
AedesmosquitoesandtheircontrolThurman1950and
Husbandsetal195119521953Impliedinthiswork
istherelationshipbetweentemperatureweatherand
theinitiationofinsecticidalcontrolinindividualpastures

Examplesofcomparisonsbetweenseveralpasturesin
thesamegeneralareacanbecitedfromthepastseasons
workinMercedInthisstudyirrigationefficiencywas
relatedtomosquitoproductioninthreepasturesMeas
urementsindicatedthatingeneraltheincreaseandde
creaseinirrigationefficiencyresultedinaproportional
decreaseandincreaseinmosquitoproductionCareful
analysisoftheseresultsandthedesignoftheexperimental
methodsdependedtoagreatdegreeuponanunderstand
ingofthepreviouslymentionedandotherinterrelation
ships

Areawidecountiesorabatementareaproblemsin
ecologythatinfluencemosquitoproductionarethose
thatinvolveadultpopulationbuildupthespeedofcon



trolactivitiesetcLighttraporpantslegcountsampling
revealstosomedegreethelocalsituationYettobeap
pliedtosuchareasisthetheoryofmeasuringeggdensities
inirrigatedfieldsasameansofdeterminingtheefficiency
ofcontrolMethodsofsamplingcouldincludethesoil
samplingtechniquesdevelopedbytheirrigatedpasture
studyHusbands1952orbytheconstructionofegg
trapsorespeciallydesignedsmallfieldplotstobeflooded
regularlyandevaluatedforlarvalproductionwithout
adultproductionAnotherinterestinginterrelationship
thatcanbeconsideredasanareawideproblemisthe
oneinvolvingtherateoflarvaldevelopmentinfieldsand
theinitiationofinsecticidalcontrolinthespringand
earlysummerTheultimateapplicationofthisknowl
edgerequiresthattwofactorsbeknownonethemean
dailytemperatureandtwothemaximumheightand
durationthatwaterwillremainoneachindividualfieldin

theearlysummerAfewmeasurementsofwaterlevelsin
individualpasturescanclassifyfieldsintovariouscate
goriessothatcontroloperationscanbeinitiatedwhen
risingtemperaturesshowthatlarvaewillsuccessfully
emergeasadultsfromfieldsofaspecificcategoryThe
useofthisidearemainstobeappliedandprovenas
practical

Statewidepastureecologyisstillverymuchinathe
oreticalstageHoweverthehistoryofthedevelopmentof
irrigatedareasprovidescluestothesuccessionalchanges
inspeciesofmosquitoesencounteredinthevalleyRiver
bottomswampandinundationspeciesofmosquitoeswere
replacedinabundancebyfloodwaterspeciesadaptedto
frequentirrigationfloodingsAedesdorsaliswhichwas
prevalentupto1937inirrigatedareaswasreplacedin
prevalencebyAedesnigromaculisinmostareasHowever
itisstillquestionableifonespeciesdisplacedanother
Foodandspaceareapparentlynotlimitingfactorsfor
larvaldevelopmentThetwospecieslivetogetherinmost
pasturesoccasionallyonespeciesismoreabundantthan
theotherSincewehavenoexactdataabouttheden

sitiesofAdorsalispreviousto1937itisverypossible
thatAdorsalisisstillasprevalentbutisgenerallyout
numberedinmanyareasbycomparisontoAnigromacu
lisWeshoulddefinethetermreplacedoruseitonly
withagreatdealofcaution

ThehistoricaldevelopmentofirrigationinCalifornia
canbeusedasanexampleofchangingstatewideinter
relationshipsIntheCentralValleyofCaliforniairrigated
areasweredevelopedadjacenttodependablesourcesof
surfacewaterParallelwiththisdevelopmentwasthe
formationofirrigationdistrictswhichby1930irrigated
378percentofthe4731632acresunderirrigationin
CaliforniaBy1953thisirrigatedacreagehadincreased
to6618595acresprimarilythroughthedevelopmentof
theCentralValleyProject

MapsofirrigatedacreageinCaliforniashowthatprior
to1935irrigatedareasdidnotformacontinuouschain
alongriverbottomsintheCentralValleyManystretches
oflandbetweenirrigatedareasweredryfarmedToday
thesebarriersaremostlyremovedThefuturedevelop
mentofwaterinthestatewillprovidegreateroppor
tunitiesfortheinvasionofnewspeciesofmosquitoes
Anigromaculisanditsrelativelyrecentinvasionofthe
valleyshouldbealltheproofthatisneededthatitcan
happenagainAspreviouslymentionedbasictothisis
thechangingecologicalinterrelationshipprovidingfavor
ablenichesforthedistributionandabundanceofspecies
ofmosquitoesEachspeciesposesnewproblemsforwhich
wemustbeprepared
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Thedevelopmentofecologicalpracticalityormos
quitocontrolfrominvestigationswillbedeterminedby
futuredevelopmentsprimarilyeconomicandagricul
turalwhichinturnwillbeinfluenceddirectlyandin
directlybyinformationobtainedfrommosquitostudies
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RICEFIELDMOSQUITOECOLOGY

RICHARDWGERHARDTEntomologist
CooperativeCaliforniaMosquitoControlAssociation

BureauofVectorControlRiceFieldEcologyStudy
Thericefieldmosquitoproblemhasbeenwithusfor

alongtimeFartoomanypeoplehavecometoaccept
mosquitoesasaninevitableproductofricecultureThe
CaliforniaMosquitoControlAssociationandtheCali
forniaStateDepartmentofPublicHealthBureauof
VectorControlfortunatelydonottakethisviewThese
organizationsestablishedtheRiceFieldMosquitoEcol
ogyProjectin1950inaconcreteefforttostudyandde
visepossiblesolutionstothiscomplexmosquitoproblem

Ricefieldsasplacesofmosquitoproductionhavebeen
studiedformanyyearsEntomologistsandpublichealth
workersofearlierdayssoondiscoveredthatnotallrice
fieldsproducedmosquitoesTheyfoundthatsomeofthe
fieldsproducedvirtuallynone

HerewasanintriguingecologicalproblemIftherea
sonsforalackofmosquitoesinthesefieldscouldbe
understoodsuchmightofferameansofreducingmos
quitopopulationsinotherricefields

Manytheorieshavebeenofferedasexplanationsfor
thisobservationNoneofthesetheorieshavebeensub
jectedtoscientifictestingbyexperimentalmethodsthere
foreallstandinneedofverification

TheobjectivesoftheRiceFieldProjecthavebeento
testsomeoftheseideaseliminatingthosewhichseemed
unprofitablewhileexploringmorefullythemorepromis
ingavenuesofresearchandtoinvestigatenewleads
uncoveredintheorderlystudyofthevariousaspectsof
ricefieldecologyThefollowingexampleswillserveto
illustrate

CHEMICALPROBLEMS

Ithasbeenadvancedthatifvigorousspringtimecontrol
wereexercisedadjacenttoricegrowingareasthemos
quitopopulationcouldbesufficientlyreducedtoavoid
troublesomenumbersofmosquitoesoriginatingfromthe
ricefieldsthemselves



Duringthespringmonthsof1952thepersonnelofthe
RiceFieldMosquitoEcologyProjectsetouttotestthis
hypothesis

Anisolatedricefieldwaschosenanda25squaremile
areasurroundingthefieldwaslarvicidedwithgreatcare
Thejobwasthoroughlydoneandnolarvaecould
foundinthelarvicidedareaafterthetreatmentHowever
larvaeappearedinthenaturalfieldpoolswithin1214
daysaftertreatmentTheareathenwaslarvicidedagain
Theresultsofthesecondapplicationwereagainex
cellent

Duringthissecondtreatmenttheareasurroundingthe
ricefieldwasfloodedandthuswasavailabletomosquitoes
foroviposition

Withintwoweeksafterthesecondtreatmentboththe

ricefieldandthenaturallyoccuringlarvalhabitatsnearby
containedabundantlarvae

Itwouldseemthatsuchaprogramconductedona
limitedbasisisnotsufficientinitselftocontrolrice
fieldmosquitoes

Onthecontrarysomeevidencerecentlyhasbeenac
cumulatedwhichsuggeststhattheuseofinsecticidesin
andnearricefieldsmaysoreducethepopulationof
naturalpredatorsthatthemosquitoeswhichinevitably
penetratetheareahaveadegreeofsurvivalexceeding
thatwhichmightbeconsiderednormal

CULTURALPRACTICES

Ithasbeenadvancedthatculturalpracticesofrice
farmingmayhaveaprofoundeffectonmosquitoesorig
inatingfromricefieldsThepresenceofunnecessaryseep
ageandwastewaterinparticularconstituteproblems
Wehardlyneedtoprovideexperimentalevidenceto
provethispointTheimportanceofsoundengineeringin
layingoutcheckswithpropergradeasameansofren
deringfieldslessproductiveofmosquitoesiscertainly
notsubjecttoquestion

Someotheragriculturalpracticesmaypossiblyaffect
thenumbersofmosquitoesarisingfromthericefield
properForexamplewearenotsureofthepossible
effectsonmosquitoesofdifferentfertilizersorcovercrops
employedinriceculture

Wehavesomeinformationindicatingthatcleancul
turalpracticeswhichreduceweedgrowthtoaminimum
areofsomehelp

LIMNOLOGICALASPECTS

Astudyofthericefieldaquatichabitatwasundertaken
during1953Thestudyisstillcontinuing

Aneffortwasmadetorelatethenumbersofmosquitoes
producedinthestudyplotstoavarietyofphysicalchem
icalandbiologicalfactorsNophysiochemicalfactor
suchasdissolvedgassespHinorganicsolidstemperature
depthofwaterorbasinconformationwasfoundtovary
sufficientlytoaffectthemosquitopopulationdirectly

Ontheotherhandthebiotaofthericefieldhasbeen
observedtocorrespondingeneraltotherelativedensity
ofaquaticstagesofmosquitoesAdiversifiedandabun
dantplanktonicbiotawenthandinhandwithhighmos
quitooccurrencewhileapoorlydevelopedorrestricted
biotawasassociatedwithfewmosquitoes
ALGALTRANSPLANTSTUDIES

DrWCPurdyin1919foundaricefieldintheNelson
ButteCountyCaliforniaareawhichproducednomos
quitoesHeattributedthislackofmosquitoestothepres
enceofadominantgrowthofbluegreenalgaewithin
thericefield

IntestingDrPurdyshypothesiswehavecultureda
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fewspeciesofalgaeandhavesubjectedmosquitolarvaeto
thefiltratesoftheseculturesSomecircumstantialevi
denceexistswhichseemstoindicatethatsomemetabolite

ofthesealgaemaybetoxictomosquitolarvae
Somefieldtestinghasbeendonewiththesespeciesof

bluegreenalgaeAttemptshavebeenmadetotransplant
thesealgaefromtheirnaturalenvironmentstootherrice
fieldsFivesuccessfultransplantshavebeenmadeThe
effectofthetransplantedalgaeonthemosquitopopula
tionsofthefieldshasbeendifficulttomeasurebutthe
datagatheredareverypromisingWeneedtostudythe
relationshipsoftheabundancesofthesealgaetosoil
typespHwaterqualityandnumerousotherecological
factors

FUTURENEEDS

Thefieldofbiologicalmosquitocontrolwithemphasis
onpredatorsparasitesandbiologicalantagonistshas
hardlybeenscratchedContinuedinvestigationintothe
influenceofantibioticmicrobiotaisstronglyindicated
Notonlymustwecontinuetostudybluegreenalgaeas
mosquitodeterrentswealsomustsearchoutandlearn
aboutotherplantandanimallifeandtheirbyproduct
whichconceivablymaycontributetomosquitocontrol

Recentstudiesindicatethatnaturalpredatorsboth
fishandinvertebrateshavenotbeendulyconsideredand
utilizedbymosquitocontrolworkersFutureworkinthis
fieldisconsideredessentialinordertoascertainthepos
sibleroleofpredatorsinthebiologicalcontrolof
mosquitoes

Thelongrangeobjectivesoftheprojectwillbeto
continuetosearchforanddeveloppromisingmeansof
controllingricefieldmosquitoesImmediateactivitywill
concentrateuponprojectscurrentlyunderwayNew
studieswillbedevelopedasrapidlyastimeandavailable
personnelpermit

Californianowhasapproximatelyahalfmillionacres
ofricewithinsecticidesbeingtheonlybasisforlimiting
themosquitoproductionfromthisvastareaCreditable
progresshasbeenmadethusfarinexpandingtheknowl
edgeregardingpossiblybetterandmoreeconomicalmeth
odsthroughutilizationoftheecologicalapproachItcan
besafelypredictedthatwithadequatesupportgainswill
continuetobemadeinthefutureonthissoundscientific
basis
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DrDonMReesUniversityofUtahSaltLakeCity
Utahpresidedoverthissessionforthepresentationof
submittedpapers

GRANULARINSECTICIDECARRIERSUSEDIN

UTAHINMOSQUITOABATEMENT
OPERATIONS

JAYEGRAHAMANDDONMREES
SaltLakeCityUtah

Granularmaterialshavebeeninuseforseveralyears
ascarriersformosquitolarvicidesTheuseofthese
granularlarvicidesintheUnitedStatespriorto1954
wasadequatelysummarizedlastyearattheNewJersey
meetingsbyRLVannoteandGEWashburn



ReesEdmundsandNielsen1953reportedthead
vantagesofusinggranularinsecticidesfortreatingsmall
mosquitoproducingwaterbyhandapplicationatthe
timeofinspectionTheseadvantageswerefurthercon
firmedbythecontinueduseofgranularlarvicidesinUtah
during1954

GranularformulationsfirstwereusedinUtahformos

quitolarvicidingin1951whentheSaltLakeCityMos
quitoAbatementDistrictreceivedthroughtheeffortsof
RobertLVannote500poundsofgranulatedtobacco
stemsimpregnatedwith10DDTfromtheTobacco
ByProductsandChemicalCorporationofRichmond
VirginiaSincethattimetheSaltLakeCitySouthSalt
LakeCountyandtheWeberCountyMosquitoAbate
mentDistrictshaveusedothergranularcarriersonan
experimentalbasisinbothhandandairplaneapplications

Inanattempttoobtainthemostsuitablegranularlar
vicidingmaterialforhandapplicationanumberofgran
ularcarrierswereinvestigatedduring1954Thegranules
usedwereimpregnatedwithdifferentconcentrationsof
aldrindieldrinandheptachlorThisinvestigationwas
notexhaustivebutsomeoftheresultsobtainedseemed
tobesignificantandarehereinpresentedforconsidera
tion

Thefirstgranulesusedin1954werebentoniteof3060
meshcontaining214heptachlorwhichhadbeenstored
duringthewinterThesegranuleswerenotlethalwhen
appliedtofirstinstarlarvaeofAedesdorsalisbutappeared
toactasagrowthinhibitoronthelarvaeThesupplyof
thesegranuleswasexhaustedbeforethiscouldbefurther
investigated

Bentonitegranulescontaining5dieldrinand5
ureaasadeactivatorwereusedasaprehatchtreatment
inseveralareasThegranuleswereappliedattherateof
approximately10poundsperacreWhenappliedto
areasthatwereintermittentlyfloodedduringtheyearthis
materialapparentlywaseffectivefortheentireseason
butwhenappliedtoanareaofpermanentwateritwas
effectiveforlessthantwomonths

Throughoutthesummerseveralgranularformulations
weretestedinthefieldbyhandapplicationusingregular
controlproceduresThecarriersusedweregranulated
tobaccostemsbentoniteattapulgusvermiculitecelite
andpanacaliteAtthedosagesnormallyusedallofthese

Granules

TOBACCOSTEMS
30 50MESH GOOD

BENTONITE
36 60MESH

ATTAPULGUS
20 40MESH

VERMICULITE
30 60MESH

Effective
Coverage

GOOD

GOOD

FAIR

CELITE
30 60MESH FAIR

107

COMPARISONOFGRANULARCARRIERS

granulesproducedsatisfactoryresultsbutthegranules
werenotequalinallrespectsAnattemptwasmadeto
evaluatethecarriersonthebasisofthefollowingfactors
effectivecoveragepenetrationofvegetationvisibilityof
dispersedgranulesacceptabilityforhandlingtheneed
fordeactivatorsandthecostperacreofthematerialused
Includedineffectivecoveragewerethedistancethegran
ulsweredispersedwhenthrownandthemannerinwhich
theyspreadovertheareatreatedAcceptabilityforhan
dlangincludedtheeasewithwhichthegranulescanbe
transportedinthefieldbytheinspectorandanyunpleas
antnessexperiencedwhenappliedbyhandThefollowing
isachartshowingtheresultsofthisevaluation

Fromtheabovescoringpanacalitegranulesareap
parentlythemostsatisfactoryofthosetestedAsprepared
formosquitolarvicidingpanacaliteisawhitefloating
granulereadilyvisiblewhenappliedItislightinweight
8lbspercubicfootitabsorbssomemoisturewithout
clumpinganditisnotoffensiveforhandlinginthefield
Italsowasfoundthatwatercanbeaddedtopanacalite
granulesinthefieldtomakeaheaviergranuleforcasting
intothewindwhennecessaryInadditiononepoundof
panacalitegranulescanbeusedtotreatanareaeight
timesthesizeofthatwhichcanbeeffectivelytreatedby
onepoundofbentonite

MrLewisEFronkmanageroftheWeberCounty
MosquitoAbatementDistrictusedpanacalitegranules
inairplaneapplicationsduring1954buttheresultswere
notuniformAccordingtoMrFronkthiswasprincipally
duetoinadequateequipmentontheairplaneusedin
applyingthegranulesMrFronkisoftheopinionthat
panacalitegranulesareeffectivecarrierswhenproperly
formulatedandapplied

SUMMARYANDCONCLUSIONS

Granularformulationsarethemostsatisfactorytype
oflarvicidethathavebeenusedinUtahtotreatmosquito
producingwatersbyhandapplicationatthetimeof
inspection

Granularformulationsareveryeffectivewhenused
underconditionswherethelarvicidemustpassthrough
densevegetationtoarriveonthesurfaceofthewater

Allofthematerialsinvestigatedasgranularcarriersof
larvicideswereeffectiveascarriersbutpanacalitewas

Visibilityof
Penetration Applied AcceptabilityDeactivator CostPer

ofVegetationGranules ForHandlingRequired Acre

GOOD POOR POOR NO

GOOD GOOD GOOD YES 100200

GOOD FAIR GOOD YES 100200

GOOD FAIR GOOD YES

GOOD FAIR GOOD YES

PANACALITE
APPROXIMATELY
60MESH GOOD GOOD GOOD GOOD NO

COSTISBASEDONPRICEOFGRANULESDELIVEREDATSALTLAKECITY

025040



superiortotheothersasdeterminedbythecharacteristics
consideredinmakingthecomparisonandtheconditions
underwhichthegranuleswereused
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radioasamosquitocontroltoolbyJOHNO
STIVERSMercedCountyMosquitoAbatement
DistrictMercedCalifornia

OPERATIONMERCY

SUMMARY

DONALDRJOHNSON

UnitedStatesaidintheformofhealthtechniciansand
tonsofmedicalsupplieswereairliftedwithinhoursafter
receivinganappealforhelptoEastBengalProvinceof
PakistaninAugust1954Unprecedentedfloodsinthis
thicklypopulatedareaoftheworldhadinundated15000
squaremilesoflandwhereoutbreaksofmalariaand
cholerawerefearedfollowingthefloodSixUSPublic
HealthServiceexpertsand168USArmypreventive
medicinepersonnelwereflowntothestrickenareaUS
AirForceprovidedGlobemastersandFlyingBoxcarsfor
theairliftinthisdramaticoperation

Sprayingofrefugeecentersinthefloodedareawas
madepossiblebythe10tonsofdieldrin50wettable
powderand250compressionsprayerswhichwereamong
thetonsofsuppliesprocuredbytheUSForeignOp
erationsAdministrationMorethan30000000antima
lariatabletswerealsoprovidedNoepidemicsofmalaria
choleraorotherdiseaseswerereportedfollowingthe
recessionofthefloodExpandedmalariacontrolactivities
aspartofthepermanentprogramfortheProvincewere
plannedwiththehelpofthePublicHealthServicerelief
teamEventualprotectionfrommalariafortheentire
42000000populationofEastBengalisanticipated

Summaryofaddresspresentedat11thAnnualMeetingofthe
AmericanMosquitoControlAssociationonJanuary261955
inLosAngelesCalifornia
2EntomologistDivisionofInternationalHealthPublicHealth

ServiceUSDepartmentofHealthEducationandWelfare
Washington25DC
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THE1954CONTROLTREATMENTOFTHE
CLEARLAKEGNATCHAOBORUSASTICTOPUS

D SINCLEARLAKECALIFORNIA
HAROLDWBRYDONManagerEntomologist
LakeCountyMosquitoAbatementDistrict

ClearLakeCaliforniaisinfestedwithasmallwhite
gnatcommonlycalledtheClearLakeGnatChaoborus
astictopusThisgnatasanadultisanonbitinginsect
butevensobecauseofitstremendousattractiontolights
andabilitytopassthroughmostwindowscreensitiscon
sideredtobeanobnoxiouspestthathashadanadverse
affectuponthelargeresortbusinessofLakeCountyIt
doeswhenitsnumbersbecometoogreatcreateapublic
healthproblembyimpartingasmaticconditionsandeye
irritationstosusceptibleindividuals

Itisbecauseofthisinsectduringtheseveralyears
precedingthefallof1949thatDrAWLindquistAR
Rothandseveralotherindividualsspentagreatdealof
timemoneyandeffortinstudyingthisgnatanddevelop
ingamethodofcontrollingitwithoutcreatingtoomany
deleteriouseffectsupontheotheraquaticorganismsof
ClearLakeparticularlysowherethefishpopulationwas
concernedAsaresultofthesestudiesamethodofcon
trolwasevolvedandduringSeptemberof1949the6273
squaremilesofClearLakewastreatedwitha14000
gallonformulationofDDDThistreatmentwassosuc
cessfulthatClearLakewasalmostcompletelyfreeofthe
pestiferousgnatforapproximatelytwoyears

OnJuly301951thelarvalformoftheClearLake
Gnatwascollectedbymeansofanightplanktontowfor
thefirsttimesincethetreatmentFromthatdateonthe
populationsteadilyincreasingduringthesummermonths
untilitreachedalevelduringthesummerof1954when
itbecamenecessarytoexerciseasecondcontroltreatment

Itisthe1954treatmentofClearLakewithwhichthis
paperconcernsitself

ClearLakeisabout8mileswideatitsgreatestwidth
andisalittleover19milesinlengthTheLakeiscom
posedofthreemoreorlessdistinctsectionswiththeupper
sectionbeingthelargestIntheplanofapplicationitwas
decidedtodividetheLakeoffintosectorsverysimilarin
patterntothatemployedduringthe1949treatment
Thereforetheuppersectionwasdividedintosixsectors
thesoutheasterlysectionwasdividedintotwosectors
theeasterlysectionwastakeninitsentiretyasonesector
ThesectorsintheupperhalfofClearLakewerelaidout
onemileapartinwidthandextendedtowithinonehalf
mileoftheshoreThecoursesthatthesurfacecraftwere
tofollowwerelaidoutatabout700feetapartwithineach
sector

Alocalpiledriverwasengagedtomarkeachsectorby
meansofpilingstoppedwithlarge5x5x4marineply
woodboxespaintedwithwidealternatinghorizontal
stripesofwhiteandinternationalorangeThepilingswere
placedatonemileintervalsalongtheboundariesofeach
sectorexceptattheextremitiesofthesectorsandthere
thepilingsweredrivenonehalfmilefromshoreThis
blockedtheLakeoffintoapproximatelyonemilesquares

Localboatandbargeownerswerecontactedwiththe
resultthatfivelocaloutfitswereavailableforthetreat
mentInconsideringthetimeelementinvolvedtocover
thenumberofcoursemilestobetraveledincompleting
theupperhalfofClearLakeinonedayitwasnecessary
tobringinthreeselfpropelledbargesfromoutsideofthe
CountyThisgaveeightoutfitstocompletethefirstdays
applicationwithagoodsafetymarginoftimeshouldone
ormoreoutfitsbreakdown



Inorderingtheinsecticideitwasfeltthatthesame
formulationaswasusedin1949shouldagainbeemployed
Howeversincesomedifficultyhadbeenexperiencedwith
recentfieldandlaboratorytestsinobtainingadequate
killsatthesameconcentrationaswasusedin19491part
ofactiveinsecticideto70millionpartsofwaterastrong
erconcentration1partofactiveinsecticideto50million
partsofwaterwasplannedonTherefore20000gallons
ofinsecticidewasorderedinfiftygallondrumsaccording
tothefollowingspecifications30gramsDDDTechni
calGradeRhothaneD310ccTritonX100emul
sifyingagentbyvolumeand72ccXylenecrudeprod
uctwithaSpecificGravityofOneWhentheinsecticide
wasdelivereditwasstoredattwoloadinglocationson
oppositesidesoftheLake

Aninjectionofpreemulsifiedinsecticidewasfelttobe
themostdesirablemeansofintroducingtheinsecticide
intoClearLakeThemethodofpreemulsifyingwasac
complishedbyplacingatwoinchgasolinedrivenpump
oneachbargeAtwoinchwaterintakehosewasfastened
overthesideofthebargewiththeoutlethosefastened
overtheboworthesternofeachbargeAnaspirator
systemcomposedofpipefittingsandvalveswascon
nectedbetweenthewaterintakehoseandthepump

Intheaspiratorsystemsabrassgascockvalvewasused
asavolumeflowcontrolvalvefortheinsecticideEach

ofthesevalveswasmarkedwithasettingforthevalve
handleThesettingsweredeterminedforeachindividual
pumpandbargecombinationfromcalculationsderived
fromthespeedofthebargeunderloadedconditions
andfromthenumberofdrumsthebargewouldbeex
pectedtodisperseoveragivenareawithinagivenlength
oftimeInsomecasesitwasnecessarytohavetwosettings
onavalveforflowregulationovervaryingdepthsofwa
terThecontrolvalveconnecteddirectlytothewater
intakethroughaDurhamYfittingBeyondthevalve
aTwasplacedwithagardenfaucetvalveateachend
ofthetwoarmsoftheT Thesegardenvalveswere
calledshutoffvalves A3inch25footclearplastic
gardenhosewasconnectedtoeachgardenvalveThefar
endofthehosewasconnectedtoa4footlengthofpipe
thatwasinsertedintothedrumofinsecticideUnder

operatingconditionsthecontrolvalvewouldbesetatits
predeterminedsettingandonegardenvalveopened
Whenthedrumthatwasbeingusedbecameemptythe
valvewouldbeclosedandthesecondshutoffvalve

openedThehoseleadingtothefirstdrumwouldthenbe
movedtothenextdrumandtherebyacontinuousaccu
rateflowofinsecticidecouldbemaintainedbyeachbarge
throughouttheoperation

Inobtainingasuccessfultreatmentofabodyofwater
thesizeofClearLaketherearemanyphysicalandchemi
calaspectsthatmustbeconsideredAnyoneofseveral
differentfactorscouldgreatlyhampersuchanundertak
ingshouldafactororfactorsbeinanadversestateA
periodoftimebetweenSeptember20andOctober15
wasselectedastheperiodmostlikelytohavemanyofthe
factorsfavoringthetreatment

Amongthefactorstobeconsideredwastheneedfora
breezeofsufficientstrengththatwouldproducesubsur
facewatercurrentswhichwouldthoroughlyandevenly
distributetheinsecticidewithinashortperiodoftime
Alsoabreezewouldbuilduptheoxygencontentofthe
waterandprovideagreatermarginofsafetytothefish
populationAgoodwindblewonSeptember20and21
andcreatedthetypeofwatercurrentsnecessarytosuc
cessThesewatercurrentswereofsufficientstrengthto
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lastforseveraldaysDailycontactwiththeUSWeather
Bureauindicatedthatanotherperiodofwindydays
wouldarriveaboutSeptember26or27Theoxygencon
tentreadingsonSeptember24werehighwith79ppm
atthelakesurfaceand71ppmatthebottom

Allcalculationsfortheinsecticidedistributionwere

baseduponalevelthatwouldexistaboutOctober1st
ThisexactlevelexistedonSeptember24ApHofless
than81to82wasdesirablefromthestandpointofdetri
mentaleffectsupontheDDDundertooalkalinecon
ditionsSeptember24pHreadingswere80atthesurface
and79atthebottomoftheLake

TheaveragetemperatureoftheLakewas68Fon
September24Atthistemperaturethereisstillahigh
percentageofnocturnalverticalmigrationonthepartof
thelarvaeThelarvaearequitenegativelyphototropic
andspendthedaylighthoursinthemudatthebottomof
theLakecomingoutintothewaterduringthenightto
feedItisduringthisfeedingperiodthattheinsecticide
iseffectiveAlsoat68Ftheadultgnatswillnotlastfor
longthelarvalformistheoverwinteringstageandthe
possiblerepopulationsourcesfromsmalloutlyinglakes
andpondscouldbetreatedduringthewintermonths
Alsoatlowertemperaturestheoxygencontentishigher
thanduringthesummermonthswhenanaverageLake
temperatureof80Fisnotuncommon

TheLakehadbecomequiteturbidduringthewindy
dayshoweverithadclearedconsiderablybySeptember
24andthesuspecteddangerfromthecolloidalproperties
ofthebottommudinreducingtheamountofeffective
insecticidehadlessened

Duringthedarkofthemoonagreaterpercentageof
thelarvaetendtomigrateoutofthemudthanduring
thetimeofafullmoonDuringthelastofSeptember
therewaslittleornomoonlight

TheboatsandbargeshadbeenreadysinceSeptember
20thecrewshadbeensufficientlybriefedontheproced
uresandhadbeengivenpracticerunsThereforesince
thevariouschemicalandphysicalfactorswereinfavorof
asuccessfultreatmenttheequipmentandcrewsready
theapplicationwasbegunatdawnonSeptember25The
firstdaysapplicationwascompletedbymidafternoon
andthebargesfortheseconddaysoperationwereloaded
lateintheafternoonofthefirstdayTheseconddays
applicationwascompletedbyearlyafternoonandthe
bargeshadnotyetreturnedtotheirbaselocationsbefore
abreezeasforecastedbytheUSWeatherBureauhad
startedThisbreezecontinuedonthroughthefollowing
dayandundobutedlyaidedinthedistributionofthein
secticideandinmaintainingahighoxygencontentinthe
water

Bytheendoftheseconddaysapplicationatotalof
20000gallonsofinsecticidehadbeeninjectedintoClear
Lakeataconcentrationofonepartofinsecticideto50
millionpartsofwaterandatacostof57000

PriortothetreatmentofClearLakerepresentative
mudsamplesoftheLakebottomweretakenbymeansof
anEckmanDredgeTheSeptember8mudsamplesurvey
wasthelastcompletesurveymadeonthelarvalpopula
tionbeforethetreatmentTherestultsofthissurvey
showedthatanaveragepopulationlevelof10larvaeper
squarefootexistedintheLakeSpotchecksmadethree
daysbeforetreatmentindicatedaveryhighpopulationof
gnatlarvaeinvariouslocationsanditisonthebasisof
thesespotchecksthatthefirstresultsofthetreatmentare
esimatedata60killonhethirddayfollowingtreat
mentAllofthefollowingpercentagesarebasedupon



theSeptember8readingSixthdayaftertreatmenta
99906killexistedOnthethirteenthandtwentieth
dayaftertreatmenta99995killhadbeenobtained
andonthefortiethdayaftertreatmenta100killhad
beenobtainedsofarasmudsampleswereconcerned

Onthethirtyfirstdayaftertreatmentaseriesofnight
planktontowsweretakenAnestimated25000cubicfeet
ofwaterwassievedandthreelarvaewerecollectedHad
theLakenotbeentreatedaconservativeestimatewould

bethatatleast2500gnatlarvaewouldhavebeencol
lectedinsteadofthree

Eachmorningforseveraldaysfollowingthetreatment
thesurfaceofClearLakewascoveredwithsmallalmost
transparentformsofdeadanddyinglarvaeaswellas
partiallyandfullyemergedadultgnatsthathadbeen
killedduringthepreviousnightWaveandwindaction
tendedtopilethedeadanddecayinglarvaeuponthe
shorelinewheretheyattractedmanyfliesVariousspecies
offishwereobservedbythethousandsswimmingnear
thesurfaceandscoopingthedeadlarvaeintotheir
mouthsTheinsecticideapparentlydidnotharmthefish
populationfornodeadfishwereobservedinsuchnum
bersthatcouldnotbeaccountedforbytheordinaryfish
mortalitythatoccursalmostcontinuouslyImmediately
followingthetreatmentofClearLakeaprogramoftreat
ingthelakespondsandsloughsoftheoutlyingareawas
startedinanattempttopostponethethirdLaketreat
mentEventhoughthelarvalformoftheClearLake
GnatmaynotnowbefoundinClearLakethroughthe
samplingofthebottommudandthroughplanktontows
itisrealizedthatsomearestillthereandbecauseofthis
smallwhitegnatsabilitytoincreaseitsnumberssorap
idlyonefemalegnatmaylayasmanyas300eggsitis
butaquestionoftimebeforeClearLakewillagainbe
treated

HYDRAULICPIPELINEDREDGESFOR

MOSQUITOCONTROL

CHARLESWBLANEY

EllicottMachineCorporation
Baltimore30Maryland

Hydraulicpipelinedredgesareappearinginincreasing
numbersthroughoutthiscountryandinmanynations
throughouttheworldTheyarebeingusedonavariety
ofprojectsfromharbormaintenancetodiggingcanals
Theirforemostusehoweverisinobtainingfillmaterials
Thereasonforthisincreaseinnumberisthatmaterials
canbemovedfromonelocationtoanotherbyhydraulic
dredgingcheaperandquickerthanbyanyotherknown
method

Ifyourdistrictisfacedwiththeproblemofcontrolling
mosquitobreedinginswampsandmarshesandthereis
anamplequantityofunderwaterfillmaterialsavailable
thereisnodoubtthatahydraulicpipelinedredgewill
helpyou
Iwillnowtellyouofseveralinstancesofhowothers

haveemployeddredgingequipmenttocombatmos
quitoes

IntheCityofBarranquillaColombiatherewasfor
manyyearsasectionknownastheZONANEGRAor
BLACKZONEThisareaparalleltotheMagdalena
Riverhadbeenpollutedbyopensewersandeveryyear
floodwaterscreatedmosquitobreedingswampsSince
theBLACKZONEwasinhabitedbyapproximately
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60000peopletherewastheconstantthreatofamalaria
epidemic

AthoroughstudyoftheproblembyCityofficialsand
theInterAmericanPublicHealthServicebroughtout
twoconclusionsTheproblemofMalariacouldbesome
whatcontrolledthroughtheuseofinsecticidesorthe
entireareacouldbefilleddoingawaywiththeswamps
andopensewersandtherebyendingthemosquitobreed
ingproblemintheZONE

Afterinvestigatingvariousmethodsofobtainingfill
materialsitwasfoundthattherivercouldbedeepened
andthematerialsobtainedfromtheriverusedforfillIt
wasalsorealizedthatnewwaterwayscouldbecreated

Withthisthoughtinmindtheauthoritiescontacted
theEllicottMachineCorporationandoneofitsengin
eersvisitedthesiteA12inchhydraulicpipelinedredge
wasrecommendedandtheauthoritiesconcurredThe

dredgesANOPHELESwaspurchasedfordeliveryin
thesummerof1947Uponarrivalitworkedinconjunc
tionwiththedredgeGENERALEDUARDOSAN
TOSalsoconstructedbyEllicottandbyMay1950
overonemillioncubicyardsoffillhadbeenpumpedin

AsaresulttheZONANEGRAwasmadeavailable
forindustrialdevelopmentwhichhasbenefittedthecity
economicallyandbyeradicatingamosquitobreeding
areadividendsinbetterhealthforitscitizenshasresulted

IntheUpperPassaicValleyNewJerseyBobVannote
andtheMorrisandEssexMosquitoExterminationCom
missionsfoughtforyearstoovercomethemosquitoprob
lemThePassaicRiverflowingthroughthe26miledis
tancefromChathamtoLittleFallscouldnothandlethe
rainwaterswhichdrainedfromthehillsalongitsbanks

Becausetherivercouldnotdrainoffthesewatersthey
createdidealbreedingareasmuchtothediscomfortof
morethanamillionpeoplelivinginanareaextending
sixtoeightmilesinalldirections

Priorto1938attemptsatmosquitocontrolthrough
chemicalshadproventobeonlytemporarilyeffective
Herealsoitwasrealizedthatonlythroughtheuseof
mechanicalmethodscouldtheentireareabereclaimed
andfloodscontrolled

Thefirstpieceofequipmentadraglineprovedtobe
ineffectivebecausethetreesborderingtheriverinterfered
withitseffectivenessInsevenmonthsthedraglinecould
removeonlyanaverageof3000cubicyardsofmaterials
permonthNextabargemountedonehalfyardclam
shellwasemployedbutthistoofailedtosolvetheproblem
becauseofitssmalloutputof180cubicyardsperday

BobVannotethencontactedEllicottandafterastudy
oftheproblema10inchhydraulicpipelinedredgewas
recommendedandthedredgeBELLEOFTHEPAS
SAICwasputtoworkin1939

Duringitsusethedredgeremovedanaverageof
20000cubicyardsofmaterialpermonthanddistributed
themthroughoutthelowlyingareasTheriverwaswid
enedupto90feetandthedepthincreasedby4feetas
required

Thisimprovementoftheriverbedbymeansofhy
draulicpipelinedredginghasmadepossibletherapid
drainingofareasborderingitItalsohasmeantthat
mosquitobreedingcannowbecontrolledthusbenefitting
thepopulacewhichhasalmostdoubledinnumber

AsyounodoubtareawaretheFloridaStateLegisla
turevotedin1953tomakeavailabletotheMosquito
ControlDistrictsthroughoutthestateadditionalsums
amountingto75ofeachdistrictsmosquitocontrol
allotmentThissumistobeusedforpermanentcontrol



methodsAsaresultofthisBrevardandVolusiaCoun
tieshavepurchased10inchhydraulicpipelinedredges
TogiveyoutheexperiencesofthesedredgesIreferyou
tothepaperentitled HYDRAULIC FILLING

FORPERMANENTCONTROLOFARTHROPOD
BREEDINGAREASINBREVARDANDVOLUSIA

COUNTIESwhichwaspresentedbyErnestAPhilen
SanitaryEngineerFloridaStateBoardofHealthatthe
FloridaAntiMosquitoAssociationConventionatNaples
FloridaonApril271954Thesepapersareavailable
attheEllicottMachineCorporationdisplayhereorby
contactingthecompanydirectat1611BushStreetBalti
more30Maryland

Theseexamplesshowwhathasbeendoneandisbeing
donebymosquitofightersinthissectionoftheworldIn
theFarEasttheRepublicofIndonesiahasafleetof12
dredgesranginginsizesfrom8inchesto24incheswork
ingonmosquitocontrolandothersanitaryprojects

Shouldyourdistrictbefacedwithaproblemsimilar
totheaboveEllicottwithitscompletefacilitieswelcomes
theopportunitytoassistyou

EFFECTIVENESSOFSOMEORGANIC
PHOSPHORUSANDOTHERINSECTICIDES

ASAEROSOLSAGAINSTMOSQUITOES

CMGJULLIN
EntomologyResearchBranchAgrResSera

USDepartmentofAgriculture
AND

RICHARDFPETERS

BureauofVectorControl
CaliforniaDepartmentofPublicHealthl

AnunusuallylargepopulationofCulextarsalisCoq
developedinCaliforniain1952Thiswasfollowedby
thelargestnumberofhumanencephalitiscasesthathas
beenrecordedintheStateaccordingtoHalversonetal
1953Thepossibilitythatsuchoutbreaksmayoccur
againmakesitimportanttohaveeffectivemethodsavail
ableforcontrollingboththelarvaeandtheadultsofthis
mosquito

Thehighlevelofresistancetochlorinatedhydrocarbon
insecticidespresentinbothtarsalisandAedesnigromacu
lisLudGjullinandPeters1952hasmadeitneces
saryforseveralmosquitoabatementdistrictsintheSan
JoaquinValleytouseorganicphosphoruslarvicidesin
recentyearsPoorresultsalsohavebeenobtainedwith
chlorinatedhydrocarbonaerosolsforthecontrolofadults
intheseareasAerosolsareusedagainstadultmosquitoes
inmanyabatementdistrictsinCaliforniawhenlarvicidal
spraysfailorlargenumbersofadultsemergeforother
reasonsbuttherealneedforaneffectiveaerosolinthis
areaisforthecontroloftarsalisadultsoverratherlarge
areasintheeventofanencephalitisoutbreak

Laboratoryaerosoltestswithseveralorganicphos
phorusinsecticidesshowedthatmalathionandchlorthion
wereamongthemosteffectiveofthesematerialsandthat
theycausedmuchhigherkillsofresistanttarsalisand
nigromaculisthanseveralchlorinatedhydrocarbonin
secticidesGjullin1953In1954fieldtestswithmala
thionandchlorthionweremadeinthevicinityofMerced
CaliforniaThepossibletoxichazardoftheseaerosolsto

EmployeesoftheBureauofVectorControlandJamesLanierof
theChemagroCorporationmadethelandingratecountsand
operatedtheaerosolequipmentduringthesetests
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theoperatorsofthemachinesandtootherpersonnelen
gagedinthestudywasinvestigatedbytheBureauof
AdultHealthoftheCaliforniaDepartmentofPublic
Healthwhilethetestswereinprogress

TheaerosolswereproducedwithHusmanandBesK
machineswhichweresettodeliver20and40gallonsper
hourrespectivelyApplicationsof12or24gallonsper
mileweremadebyadjustingthespeedofthejeepused
tocarrytheHusmanunitandtopulltheBesKilThe
BesKilwasastandardcommercialunitproducinga
particlesizeofapproximately55micronsmassmedian
diameterTheHusmanmachinewasapneumaticsprayer
Husman1953adjustedtoproducedropletshavinga
diameterofapproximately44micronsTheBesKilwas
operatedatapproximately475FandtheHusmanatair
temperature

Thepurityofthetechnicalmalathionwas99andof
chlorthion86percentTheseproductsweretestedin
dieseloilonaweighttovolumebasisNotroublewasen
counteredwiththesolubilityofmalathionindieseloil
butasmallamountofchlorthionwasinsuspensionThe
DDTandBHCsolutionswerepreparedonavolumeto
volumebasistheDDTfroma30percentconcentrateand
theBHCfromtechnicalBHCto11percentgamma
content

Thetestsweremadeingrasspasturesthatwereirri
gatedaboutonceaweekandproducedhugenumbersof
nigromaculisCountsof500ormoreonthefrontofone
trouserlegwerenotuncommonatduskwhenmosquito
activitywasatitsheightInpastureswherenewlyemerged
adultswereparticularlynumerouscattlewereobservedto
stopfeedingmillaroundinacompactgroupatthistime
oftheevening

Ontestplots200yardslongateamofthreemenmade
landingratecountsonthetrouserlegsbeforeandafter
theaerosolwasdispersedAnothermanmadesimilar
countsatthesametimesinanuntreatedportionofthe
pastureandthetestplotcountswereadjustedonthe
basisofthesecountsThecountsinthetestareawere

madeinthreelinesapproximately35yardsapartper
pendiculartothelineofaerosoldispersalandnearits
centerCountsweremade50100200300and400
yardsfromthislineandlocationsweremarkedwith
stakessothatpreandpostcountscouldbemadeinthe
sameplace

Theaerosolswereusuallyappliedaftersundownand
eitherbeforesunriseorshortlythereafterWindspeeds
rangedfrom1to9milesperhourPrecountswereusually
madejustbeforeeachapplicationHowevertheweather
wasunusuallycoolinAugustandSeptemberandmos
quitoesdidnotflyuntiljustbeforesunriseorlaterthere
foretoavoidairlapseorchangesinwinddirectionbefore
aerosolscouldbeappliedsomeprecountsweremade
thepreviousevening

Posttreatmentcountsfortheeveningtestsweremade
about930amthefollowingmorningandforthemorn
ingtestsat10amorlaterThesedifferencesintime
aftertreatmentwereundesirablebutweatherconditions
preventedanyotherplanHowevertherewaslittledif
ferenceinthecountsmade13hoursaftertheevening
testsand3hoursbeforethemorningtestsResultsofthe
testsaregivenintable1

Fivepercentmalathionorchlorthionindieseloilgave
over90percentreductionofmosquitoesfor100yardsand
from70to90percentupto400yardsThesematerials
alsowerehighlyeffectivefor100yardsat25percent
butreductionsatgreaterdistanceswereslightlylessthan
thoseobtainedwiththe5percentstrengthFivepercent
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Table1ReductionofAedesnigromaculisadultsafterdispersalofvariousinsecticidesinaerosolswithHusmanand
BesKilmachinesAverageof3or4tests

Insecticide

Malathion

Chlorthion

BHC11gamma
DDT
Pyrethrins

Malathion
Chlorthion

Concentration

percent

5

1

25
5

5
25
5
5
5

5
0125

5

50yards
Husman

92
94
99
97
94
98

64
90
86
72

BesKil
100
99

Dieseloilpreparationsweredispersedat12gallonspermileunlessotherwisenoted
224gallonspermile
3Xyleneemulsion
4Twotests

SSingletest

chlorthionemulsionwasapproximatelyhalfaseffective
as5percentchlorthionindieseloilPyrethrinsat0125
percentwastheleasteffectiveofthematerialstested

DDDandBHCgavegoodreductionsofadultmosqui
toesbutwerelesseffectivethanmalathionandchlor
thionTheeffectivenessofDDTandBHCwasslightly
greaterthanexpectedwhichmayhavebeenduetoa
slightlylowerresistancethanwasindicatedinlaboratory
testsin1953

Therelativelylowdecompositiontemperatureofmala
thionandchlorthionwasnotadverselyaffectedbythe
475FtemperatureoftheBesKilmachineMosquito
reductionintestswiththismachineweresomewhathigher
thanthoseobtainedwiththeHusmanmachine

SUMMARY

Malathionandchlorthionweretestedagainstpartially
resistantadultmosquitoesinCaliforniatodeterminetheir
valueasaerosolsThesematerialscausedover80percent
reductioninthelandingrateofAedesnigromaculis400
yardsfromthepointofreleasewhen5percentindiesel
oilwasdispersedwithaHusmanmachineBothmaterials
weremoreeffectiveagainstthisspeciesthanDDTora
BHCproductcontaining11percentofgammaisomer
Pyrethrinsat0125percentwastheleasteffectiveofthe
materialstested

Nobreakdownofmalathionorchlorthionwasindicated
intestswiththesematerialsinaBesKilaerosolmachine

operatedat475F
Aclorthionxylenewateremulsionwaslesseffectiveas

anaerosolthanthechlorthiondieseloilsolution
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GjullinCM1954Thetoxicityofaerosolsandresidualsprays
toresistantmosquitoesinCaliforniaInpress

andRichardFPeters1952Recentstudiesof
mosquitoresistancetoinsecticidesinCaliforniaMos
quitoNews1217

HalversonWiltonLWilliamAllenLongshoreJrandRichard
FPeters1953OutbreakinCaliforniaPublicHealth
Repts6836977

HusmanCN1953Alightpneumaticsprayerforinstallation
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Percentreductioninlandingrateat
100yards 200yards 300yards 400yards

62 32 33 9
90 62 63 65
97 90 74 83

88 78 80 83

87 85 70 70
95 79 81 90

62 52 39 13

81 78 68 78
73 57 26 20
48 41 39 0

93 95 94 95

100 99 97 96

SEVENTHSESSION

830AMTHURSDAYJANUARY271955

SIERRAROOMHOTELSTATLER

MrJackHKimballManagerOrangeCountyMos
quitoAbatementDistrictpresidedoverthissessiononthe
CaliforniaOperationalInvestigationsandthereportsar
rangedbytheCMCARegionalRepresentatives

IRRIGATEDPASTURESTUDY AREVIEWOF

FACTORSINFLUENCINGMOSQUITO
PRODUCTION WEATHERPONDINGAND

IRRIGATIONANDSOILMOISTURE

RICHARDCHUSBANDS

Factorsinfluencingmosquitoproductionhavebeen
understudyforseveralconsecutiveseasonsinaselected
irrigatedpastureinMaderaCountyAdditionalstudies
havebeenconductedinStanislausandMercedCounty
Thesestudieshaveattemptedtoanalyzefactorsandtheir
relationshiptomosquitoproductioninordertoestablish
newmethodsofcontroltoshowtherelationshipbetween
farmmanagementandmosquitoproductionandtoassist
intheimprovementofpresentmosquitocontrolmethods

Baseduponthisworkthreeprimaryfactorswillbedis
cussedoneweathertwopondingandirrigationand
threesoilmoistureTheinseparabilityandinteractionof
thesefactorsandothersarerecognizedHoweverfor
completeanalysistheymustbeexaminedseparatelyto
someextentThethreespeciesofmosquitoesofmajor
importanceinpastureandreactingtothesefactorsare
AedesnigromaculisLudlowAedesdorsalisMeigen
andCulextarsalisCOquillett

1AcooperativeprojectconductedjointlybytheCaliforniaMos
quitoControlAssociationInctheBureauofVectorControl
StateDepartmentofPublicHealthandtheFresnoMosquito
AbatementDistrict

2EcologistProjectLeaderCentralValleyMosquitoEcology
StudyCaliforniaMosquitoControlAssociation



WEATHER

Mosquitoresponsedistributionandabundancein
termsofweatheristhemostdifficultfactortoanalyze
Muchofthisdifficultyarisesfromthefactthatonlythe
macroclimatehasbeenrecordedandmicroclimaticmeas

urementshavenotbeenpossiblewiththeprecisionneeded
fortheiranalysisAminimumlistofinstrumentsneeded
forastudyofthemicroclimatehasbeengivenbySmith
1953andconsistsofanaspiratingpsychrometerablack
globethermometerananemometerandpossiblyan
evaporimeterHoweverinmosquitostudiestheseshould
bemodifiedtoincludeanelectricalmoisturerecorderre
cordingthermocouplesheatflowmeterradiometerand
aportablewiderangephotometerSpecificapplications
oftheseinstrumentswouldincludethestudyofsoilsur
faceairinterfacemoistureproblemsinrelationtoAedes
eggsinthefieldthemicroclimateavailabletoovipositing
mosquitoessurfacetemperaturesthatinfluenceAedesegg
conditioningthemicroclimateavailabletooverwintering
Culexspeciesetc

Todateobservationsonweatherhavebeenconfined
torecordsobtainedinastandardweatherstationlocated
inthestudyareatogivemacrochangesintemperatures
andhumiditiesWatertemperatureshavebeenrecorded
toalimiteddegreetoshowextremefluctuationsstratifica
tionandcorrelationwithairtemperaturesTable1illus
tratesthewatertemperaturephenomenoninanirrigated
studypasturenearTurlock

TABLE1RecordsofWaterTemperaturesAirTem
peraturesandDepthsatSelectedStationsforJuly
11950SchaubPastureTurlockCalifornia

Station
No

E23A
6A

19A

17A

13A

Wditch
at12A

9A

10A
7A

Wditch
at6A

E12C

Air WaterTempDepth Hourof
Temp SurfBottominch Day

100 94 275 210
101 104 320 145

96 92 725 1250PM
96 105 250 100PM

97 95 89 525 110PM

98

98

98
98

94

96

102
101

85

79
100

100

950

675
450

450

101 97 89 500 150PM

100 100 89 475 200PM

Totals 882 882 4990

Last7 690 685 621 4015

AvLast7 985 978 887 573

DegreesF

115PM

120PM
130PM

135PM

Temperatureslethaltolarvae110to115Fwere
notattainedinpondsHoweveropenareasorareasnot
containingvegetationwerenotpreferredbylarvaeof
AedesspeciesMigrationfromtoptobottomwasinflu
encedtoalimiteddegreebyincreasedvariationintem
peraturefromtoptobottomFoodmaybethefactoraf
fectedandthisphenomenonmaynotbedirectlyrelated
totemperature

Airtemperaturestakeninastandardweatherstation
shownodirectcorrelationwithfluctuationsinAedes
nigromaculispopulationsforentireseasonsAcorrelation
betweenpopulationbuildupandmonthlyaveragetem
peratureshasbeennotedinsomecasesFigure1and
Table2During1954themonthsofMayandJunepro
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TABLE2

AverageMonthlyTemperatures FresnoAirTerminal

USDepartmentofCommerceWeatherBureaufor19511954

JanFebMarAprMayJunJulAugSepOctNovDec

4564995366106837427927797506315554481951

4524995016096966918177917556825264691952

5054845335946176938257557556335434571953

4674965186296977178147457126375244381954

DegreesF

ducedcomparativelylargeAedesandCulexpopulations
inthespecialstudypastureinMaderaCountyApril
MayandJuneshowaboveaveragemeantemperatures
ascomparedtopreviousyearsunderstudyHowever
JulyAugustSeptemberOctoberandNovember1954
werebelownormalandshowacorrespondingdecrease
inAedesandCulexpopulationsInfactthereduction
wassogreatbycomparisonwithpreviousyearsthatit
hasbeentheorizedthatearlyseasonhatchingofAedes
eggsmayhavereducedthepotentialeggsavailablefor
hatchingduringJulythroughSeptemberHoweverother
factorssuchasirrigationmethodsandsoilmoisturemay
havecontributedasmuchtothisreductioninAedespop
ulationsinthespecialstudypastureSinceageneralre
ductioninAedespopulationswasreportedtooccurin
manypartsoftheCentralValleyafterJune1954the
processcontrollingthisreductionmayhaveresultedfrom
acombinationofunknownfactorsspecificallyinfluenced
byweather

Larvalgrowthratesareinfluencedgreatlybytempera
tureThurmanetal1951 HusbandsandRosay
1952andKeenerandEdmunds1954describethis
influenceinsomedetailThisinformationisbasictothe
preventionandcontrolofirrigatedpasturemosquitoes
Preventionisbasedupontheremovalofallwaterfrom
fields4daysafterapplicationControlisbasedupon1
initiatingspringandearlysummerinsecticideapplication
tofields2synchronizinglarvicidingwiththemostsus
ceptibleinstarsandifpossiblethesmallestwaterarea
needingtreatment

Initiatingspringandearlysummertreatmentinirri
gatedpasturecannotbedeterminedbyseasonaltempera
turesaloneNorcanthisfactorbeappliedsafelytoan
entireabatementareaThetheoreticalapplicationmust
includetheknowledgeofthetimethatwaterremainson
individualfieldsfollowingirrigationPreviousexperience
showsthatwatercanbemeasuredduringasingleirriga
tioninmajorpondingareasoffieldsandfromthisthe
maximaldurationofstandingwatercanbecomputed
safelyforeachfieldbytakingfieldtopographyintocon
siderationUsingthemaximumdurationofstandingwa
terperfieldasafactorfieldscanbeclassifiedandplaced
intoseveralcategorieseachtoreceivetreatmentwhen
temperaturesindicatethatsuccessfulemergenceunder
themostextremeconditionsofirrigationispotentially
possibleMapsoffieldbycategoriescouldbeusedtoiniti
ateoperatorsintonewareastoscheduleoperationsorto
determinethenumberofabatementoperatorsneededas
theseasonprogressedUntilthismethodisusedtempera
turegrowthrelationshipsofmosquitoescannotbesafely
appliedtotheinitiationofareawidecontrolofAedes
species

Speciescompositionisrelatedtotemperatureinirri
gatedpasturesRecordsshowthattheimmaturestagesof
AnigromaculisandAdorsalisaregreatlyreducedwhen



Figure1AdultmosquitocollectionstakeninanisolatedstudypastureMaderaCountyduring195119521953and
1954showingthedistributionandabundanceofallspeciesofmosquitoesasmeasuredbyaNewJerseytype
lighttraplocatedintheimmediatevicinityofthefield

1951

1952

1953

1954

maximumtemperaturesfallbelow70FThisisattrib
utedtothefailureofmostAedeseggstohatchinthefield
whenirrigationwaterisbelow70FAedesspeciesare
replacedbyCulisetaspeciesinthefallandwinterinwater
remainingafterrainfallOverwinteringAedeseggsare
conditionedtoremainquiescentordormantuntilspring
temperaturesgoaboveaspecificlevelorpossiblyuntil
repeateddryingandwettingplusincreasedtemperature
conditionsaportionoftheeggstohatchduringrainor
irrigationperiodsRecordsintheMaderaCountyStudy
PastureshowthatAedeslarvaeareordinarilyfirstre
cordedinsmallnumbersduringMarchwhenaverage
temperaturesare50ForaboveThefirstmajorincrease
inAedesoccurinAprilwhichalsoisrelatedtothebe
ginningoftheirrigationseasoninsomeareasManyof
theearlyseasonhatchesfailtosurvivetheextended
growthperiodsproducedbycoolweatherTherefore
reseedingofthefieldwitheggsdoesnotoccurRepeated
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floodingsandhatchingwithoutreseedingofthefield
reducesthenumberofoverwintereggsHowevergreat
numbersofeggsareapparentlyconditionedtoremain
quiescentuntillaterwarmperiodswhenadultscansuc
cessfullyemerge

Meteorologicalstudiesandthedistributionandabun
danceofmosquitopopulationsisrecognizedtobeofpri
maryimportanceAnalysisdependsuponfuturedevelop
mentsinstudiesofmosquitobehaviorandenvironment
PONDINGANDIRRIGATION

PondingresultsfromseveralconditionsImproperlevel
ingpoorcattlemanagementbeforeoraftercropsare
establishedimproperirrigationpasturedeterioration
highwatertableandpoordrainageorsoilconditions
aresomeofthemajorfactorsresponsibleforthisprob
lemPondsinpastureshavenotbeenclassifiedaccording
tomosquitoproductivityHowevervariationsinpro
ductivityhavebeenrecordedforcomparativepondsin
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Figure1AdultmosquitocollectionstakeninanisolatedstudypastureMaderaCountyduring195119521953and
1954showingthedistributionandabundanceofallspeciesofmosquitoesasmeasuredbyaNewJerseytype
lighttraplocatedintheimmediatevicinityofthefield
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maximumtemperaturesfallbelow70FThisisattrib
utedtothefailureofmostAedeseggstohatchinthefield
whenirrigationwaterisbelow70FAedesspeciesare
replacedbyCulisetaspeciesinthefallandwinterinwater
remainingafterrainfallOverwinteringAedeseggsare
conditionedtoremainquiescentordormantuntilspring
temperaturesgoaboveaspecificlevelorpossiblyuntil
repeateddryingandwettingplusincreasedtemperature
conditionsaportionoftheeggstohatchduringrainor
irrigationperiodsRecordsintheMaderaCountyStudy
PastureshowthatAedeslarvaeareordinarilyfirstre
cordedinsmallnumbersduringMarchwhenaverage
temperaturesare50ForaboveThefirstmajorincrease
inAedesoccurinAprilwhichalsoisrelatedtothebe
ginningoftheirrigationseasoninsomeareasManyof
theearlyseasonhatchesfailtosurvivetheextended
growthperiodsproducedbycoolweatherTherefore
reseedingofthefieldwitheggsdoesnotoccurRepeated
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quiescentuntillaterwarmperiodswhenadultscansuc
cessfullyemerge

Meteorologicalstudiesandthedistributionandabun
danceofmosquitopopulationsisrecognizedtobeofpri
maryimportanceAnalysisdependsuponfuturedevelop
mentsinstudiesofmosquitobehaviorandenvironment
PONDINGANDIRRIGATION

PondingresultsfromseveralconditionsImproperlevel
ingpoorcattlemanagementbeforeoraftercropsare
establishedimproperirrigationpasturedeterioration
highwatertableandpoordrainageorsoilconditions
aresomeofthemajorfactorsresponsibleforthisprob
lemPondsinpastureshavenotbeenclassifiedaccording
tomosquitoproductivityHowevervariationsinpro
ductivityhavebeenrecordedforcomparativepondsin



thesamepastureSpeciescompositionbypondshasbeen
recordedTable3butnoenvironmentalrelationships
havebeendeterminedtodatetocompletelyexplainthe
differencesnotedOverirrigationgenerallyprovidessuf
ficientstandingwaterinpondstoincreaseCulexspecies
During1954intheMaderaCountyStudyPasturepro
longedirrigationperiodsinwhichwaterseepeduponthe
fieldforseveraldaysduringeachirrigationdevelopednew
problemsinmosquitoanalysisRecordsshowthatAedes
larvalproductiondeclinedafterJunewithanequally
greatreductioninadultproductionThefactthatmuch
oftheproductivesurfaceofthepasturewaswetfor
severaldaysfollowingemergenceofAedesadultsmay
havecontributedtothisreductionGravidfemalesin

laboratorytestsseldomselectextremelywetareasforovi
positionunlessforcedtodosoItalsohasbeennotedthat
duringaperiodwhenwatercoversthefieldsurface
femalemosquitoeswillmoveoffthefieldandintosur
roundingareasandreturngraduallyasthefieldsurface
reachesaconditioncomparabletoasoilatorbelowfield
capacityFailuretoreseedthefieldwitheggsbecauseit
wasnotattractivetogravidfemalesmayhavecontributed
tothereducedAedespopulation

Pondinginfluencesthedistributionabundanceand
kindsofplantsassociatedwithpasturesFewpasture
plantswillsurviveprolongedsubmergenceoftheroot
systemEventuallymosttypeswillbereplacedbyDallis
grassorsimilarwaterlovingtypesInsomecasesreplace
mentdoesnotoccurandthisresultsinareaswithout
vegetationThischangeincoverinfluencesspeciescom
position

Frequencyofirrigationhasbeenrelatedtolarvaldensi
tiesandresultingadultpopulationsHusbandsRosay
1952Adjustingirrigationcyclesandortheamountof
waterdeliveredtoafieldperirrigationwillhelptode
creasecontrolproblemsHowevercertainotherproblems
mustbetakenintoconsiderationwhenimprovingirri
gationefficienciestodecreasemosquitodensitiesInsome
casesittheoreticallycanincreasemosquitoproduction
Shallowirrigationswhenalternatedwithheavierirriga
tionshavebeenshowntoincreasemosquitoproblems
Asuddenincreaseinthedepthofwaterflowingbetween
borderridgesmayfloodAedeseggsthathaveaccumu
latedfromseveralbroodsofemergingadultsMajorout
breaksmayoccurundertheseconditionsHoweverthis
samefactorcanbeusedtoreducepotentialproblemsif
doneunderentomologicalsupervisionwiththeintention
ofgainingcompletechemicalcontrolofresultinglarvae
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andremovethishazardfromspecificfieldsnearheavily
humanpopulatedareas

Ingenuityintheapplicationofthemethodssuggested
dependsuponneedSomeoftheproposedorsuggested
applicationswouldnotbeconsideredpracticalexcept
underemergencyconditions

SOILMOISTURE

Soilmoisturereflectsmanyimportantaspectsofcom
plexecologicalproblemsassociatedwithmosquito
productionOnlyafewoftheseproblemshavebeenex
aminedSoilmoistureisdirectlyrelatedtoirrigation
efficiencywhichinturnisrelatedtomosquitoproduction
SoilsurfacemoistureisrelatedtoAedesspeciesmosquitoes
ovipositionhabitstoviabilityorabilityofAedeseggsto
survivetohatchingconditioningfactorsandtothe
survivaloflatefourthinstarlarvaeandpupaeinthe
absenceofsurfacewatersothatthesestageswilleventu
allyproduceadultmosquitoesSeveralofthesefactors
havebeenmentionedinmoredetailinpreviouspapers
HusbandsRosay19521953andHusbands1953

Somespecialaspectsofthisproblemnotpreviously
reportedwereexaminedbymeansofaspecialstudyiniti
atedin1953EmployingaBouyoucos1948soilmois
turemeterandnylonelectricalresistanceunitssoilmois
turewasmeasuredatdepthsofsixandtwelveinchesnear
thetopcenterandendofselectedborderschecksin
thMaderaCountyStudyPasture

Acomparisonofseasonalmeasurementsintwoselected
stationsshowsseveralinterestingrelationshipsAsan
exampleBouyoucosstationnumber4and5locatedre
spectively123feetand381feetbelowthemainirrigation
lateralcanbeexaminedcriticallyFigure2

Theserecordsshowthatbelow12inchessoilmoisture

duringarainfallperioddoesnotincreasegreatlyIn
additionstation4whichgenerallyreceivesandretains
wateronthesurfaceonlyduringtheflowofirrigation
showsnogreatincreaseinsoilmoisturebelow12inches
duringtheentireirrigationperiodof1954However
thetopsixinchesshowsanincreaseinsoilmoisturefrom
MaythroughAugustFromSeptembertotheendofthe
irrigationseasonalthoughwaterremainedonthesurface
forlongerperiodsoftimetherewasagraduallossof
moistureatboththesixandtwelveinchdepthsuntilthe
lastirrigationreplacedthistosomeextentThisprocess
wasrepeatedinothermeasurementstationslocatedatthe
topofbordersHowevermeasurementstakeninseveral
pondingareasorstationslocatedatthebottomsofborders

TABLE3

ComparisonofAquaticStageCollectionsTakenatSelectedStationsMaderaCountyStudyPasture June25
November91951195219531954 Showingsomeofthevariationsinspeciescompositionoccurringintwoponds

locatedindifferentpartsofthestudypasture

AllSpecies
Aedesdorsalis

Anigromaculis
Culextarsalis
AllOthers

DominantSpecies
Aedesdorsalis

Anigromaculis
Ctarsalis

PercentStation1
1951 1952 1953 1954

460 180 498 286 256

5460 1599 2971 1580 4804

680 3219 1827 2955 1702

3397 4995 4698 5176 3236

716 361 940 594 379

8257 3198 5609 3275 7103

1027 6439 3450 6128 2517

AllotherspeciesplusearlyinstarAedesandCulexwithAedesspeciesinthemajority

PercentStation5

1951 1952 1953 1954

367
4585
1950
3094

532
6641
2825

080

4973
1145

3798

130

8021
1847

016

387
4814
4781

031

742
9225



Figure2Soilmoisturemeasurementstakenbynylonresistanceunitslocatedat6and12inchesdepthinanirrigated
pastureMaderaCountyshowingseasonalvariationsinsoilmoistureintwostationsNo4locatednear
thetopofastripcheckandNo5locatedatthebottompondingareaofthesamestripcheck
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showsthatstandingwaterfailedtopenetratebelow12
inchesinamountssufficienttobringthesoilmoisture
abovefieldcapacitySoilsamplestakenwithasoiltube
confirmedthereducedmoisturecontentinthesoilbelow

12inchesinpondingareasAtthe6inchzoneinBouyou
cosstation5moistureexceededfieldcapacitycontinu
ouslyafterJune1954whicheventuallyledtothe
deteriorationofthenylonunitanditsfailureThecom
parisonofsoilmoistureimmediatelyfollowingeachirri
gationperiodwithsoilmoisturecontentatthebeginning
ofeachperiodshowsthatmostirrigationswerenotad
justedtotherequirementsofplantsinthepastureFor
thisreasonandothersirrigationefficiencywasverylow
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Italsocanbeseenthatwaterwasgenerallyappliedso
frequentlyandoversuchlongperiodsthatthesoilsur
facewasgenerallywetintheareasnotpondedfromone
irrigationtoanotherAsmentionedbeforemosquito
productioncanberelatedtothisconditionThereduced
infiltrationratesincreasetheproblemofpondingandthe
excesssoilmoisturecontributestosoildeteriorationand

thegrowthofpondareasThisincreasestheopportunity
forthesurvivalofmosquitoesespeciallytheCulexspecies
HoweveritisinterestingtonotethatAedesspeciespopu
lationswerereducedduringthissameperiodSeveral
seasonsofcomparisonwillberequiredbeforethisphe
nomenoncanbeevaluatedcorrectly



SUMMARY

Weatherpondingandirrigationandsoilmoisturein
respecttomosquitoproductionarereviewedbrieflyon
thebasisofobservationsinselectedstudypasturesRe
lationshipsarepresentedtoshowthecomplexityofthe
problemsinvolvedtosuggestsomemethodsofusingthis
informationtoassistpresentmosquitocontroloperations
andtopointuppotentialsourcesofmaterialuponwhich
todevelopbiologicalorsourcereductioncontrol
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ANINDICATIONOFTHERELATIONSHIP
BETWEENIRRIGATIONPRACTICESAND

MOSQUITOPRODUCTION
STERLIGDAVISANDRICHARDCHUSBANDS

AjointIrrigationMosquitoStudywasinitiatedbythe
AgriculturalResearchServiceUSDepartmentof
AgricultureandtheBureauofVectorControlCalifornia
StateHealthDepartmentduringthesummerof1954in
theCentralValleyofCaliforniaResearchhasshownthat
alargeproportionofthemosquitoesproducedoriginate
inirrigatedpasturesinthisareaThepurposeofthis
studywastoevaluatepresentirrigationpracticesinan
attempttoestablishtherelationshipbetweenirrigation
efficiencyandmosquitoproduction

METHODSANDPROCEDURES

Irrigationefficienciesweredeterminedatthreesites
locatednearMercedCaliforniawithintheMerced
CountyMosquitoAbatementDistrictFieldswerese
lectedtorepresentgeneralwatermanagementpractices
followedbyfarmersonthepredominantsoiltypesofthe
areaincludingLandlowandLewisclayWymanand
YokohlclayloamandLandlowandLewissiltyclayloam
Ingeneralthesesoilshaveahardpanwhichoccursat
variabledepthsbetween18inchesand54inchesbelow
thesurfaceTherelativelylowintakeratesinaddition
toinadequatelandlevellingforirrigationcausevarying
degreesofsurfacepondingofwaterfollowingirrigation
Inmostinstancesthelandhasaslopeofabout02per
centorlessBothcontourFieldNo1andparallel
borderFields2and3methodsofirrigationwere
evaluatedAllfieldshadbeenutilizedasirrigatedpastures
severalyearspriortoinitiationofthisstudyPonding
areascontainedwatergrasswerebarrenorcoveredwith
thedebrisofdeadgrassesThelengthoftimewaterwas
appliedtothefielddeterminedthesuccessorfailureof
thesesmallpondsasasourceofadultmosquitoes

Themethodusedforevaluationofborderirrigationis
describedbyCriddleandDavis1951Measurements
includesoilmoisturedeterminationstakenbeforeand
afterirrigationtheamountofwaterappliedandrunoff
fromeachfieldrateofadvanceandrecessionofwater
appliedandintakeratesIrrigationefficiencyisexpressed
asapercentageoftheamountofwaterretainedinthe
soilplusthatusedbythecropduringirrigationtothe
totalamountappliedateachirrigation

Mosquitoesweresampledintheaquaticstagesbythe
standarddippermethodDailysamplesweretakenfol
lowingirrigationoruntillarvaereachedthefourthinstar
atwhichtimeinsecticidalcontrolwasappliedSamples
wereexaminedforrateofdevelopmentandspeciescom
positionSamplingwasconductedatselectedstations
wherestandingwaterandpondingareasoccurredStand
ingwaterareascorrespondedroughlywithareasde
terminedbytherecessionrateandpondingareasrepre
sentedthosenotdrainedbynormalsurfacedrainage
Adultproductionwasdeterminedbylarvalgrowthrate
andtemperaturerelationshipstocomputeatheoretical
adultmosquitoemergenceperiodMosquitoproduc

IForpresentationatJointSessionofAmericanMosquitoControl
AssociationandCaliforniaMosquitoControlAssociationCon
ferenceJanuary241955LosAngelesCalifornia

2ProjectLeaderIrrigationWesternSoilandWaterManage
mentSectionSWCARSUSDA
3ProjectLeaderMosquitoBureauofVectorControland
CMCA
4FieldNo1receivedDDT2s emulsionappliedbyjeep

FieldNo2wastreatedwithParathionappliedbyairplane



tivityalsowascomputedonthebasisoflarvalinstar
ratios

AmethodofmosquitoanalysistentativelycalledSam
pleOpportunityIndexwasusedtoevaluatefieldpro
ductivitySamplingstationsreflectthechangingrelation
shipbetweenwatersurfaceareasandthegrowthofAedes
speciesmosquitoesIncreasingproductivityperfieldis
indicatedbyanabundanceoflateinstarsinsamplesand
decreasingproductivityisshownbyanincreasingratio
ofearlyinstarsinsamplesThesignificanceoftheselarval
indicestoadultmosquitoproductionhasnotbeenshown
beyondthecomparativedescriptionforthesethreefields
giveninthetermsabundantmoderateornone
Actualadultproductioncouldnotbemeasuredsince
thesethreefieldswereunderchemicalcontrolBased
uponpreviousstudieswithcertainreservationsthe
greatertheareaofwateravailableforlarvaldevelopment
pupationandadultemergencethegreatertheresultant
mosquitopopulationHusbandsandRosay19521953
andHusbands1953Measurementsweremadeoflarval
densitiesandstandingwaterareastodetermineaproduc
tionindexHoweverundercertainconditionsthestrand
ingofpupaeondampsoilwithresultantsuccessfuladult
emergencecomplicatedthismethodofmeasurement
Adultemergencewheneffectedandduetocontrolfail
ureprovidedadditionalknowledge

RESULTS

Figure1graphicallysummarizestherelationshipbe
tweenirrigationefficiencysamplingopportunityand
mosquitoproductionforthethreefieldsstudiedItwillbe
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notedthatwithanirrigationefficiencyof35percent
mosquitoproductiononFieldNo1wasdescribedas
moderateperunitareaLargepondsatthetopofthe
fieldaswellassmallscatteredpondswithinthefield
werelowindensityaveragingabout3larvaeperdip
Somelarvaewerelosttothedrainagesystembyrunoff
FourthinstarAedesspecieslarvaeconstitutedapproxi
mately175percentofinstarstakenatallstationsSecond
andthirdinstarswererecoveredmostfrequentlyand
constituted405and360percentrespectivelyofthe
samplestakenduringtheperiodofstudyThedecreasein
theratiooffourthinstarlarvaetoallotherinstarsin
comparisontotheotherfieldsstudiedreflectsthede
creasingopportunityforsuccessfuladultemergenceSpe
ciesofmosquitoestakenwerealmostentirelyAedesnigro
maculisandAedesdorsalisVeryfewCulexspecieswere
found

Anaverageirrigationefficiencyof25percentonField
No2wasthelowestobservedeventhoughitwasrecently
releveledOnefactorwhichcontributedtotheextremely
poorefficiencyofthisfieldwastheshallowrootzoneless
thanonefootduetopresenceofahighwatertablein
additiontopoormanagementandoperationoftheirri
gationsystemIrrigationwatercollectedinlargeshallow
pondsintheuppertwothirdsofthefieldTheseponds
graduallywerereducedinsizeandeventuallyformed
smallpondsthatlastedtwotofivedaysafterthewater
wasshutoffSincewaterwasappliedcontinuouslyfor
twoormoredaysthesesmallpondspersistedforseven
ormoredaysfromthedaythatwaterwasfirstapplied
Howeverthemajorsourceofadultsoccurredinponded

Figure1Variationinlarvalpercentagewithsamplingopportunityasrelatedto
mosquitoproductionandirrigationefficiencyatthreerepresentativesites
nearMercedCalif 1954



areaslocatedatthefootofeachcheckformingonecon
tinuousbodyofwateralongthebottomofthefieldand
generallylastedfromoneirrigationtothenextFollowing
irrigationwaterrecededintothisareacausingsubmerg
enceofapproximatelytheloweronefifthoftheborder
checksThisconditioncouldhavebeenimprovedwith
adequatedrainagetoallowremovalofsurfacerunoff
andtopermitextensionofrootsystemstogreaterdepths
withinthesoilprofileUndersuchconditionsfewerirri
gationswouldberequiredbecauseofgreaterwaterstor
ageintherootzoneEfficiencyofirrigationcouldalsobe
improvedonthisfieldbyutilizingalargerheadofwater
forashorterperiodoftime

Mosquitoproductionwashighorabundantand
aquaticsamplesshowedthatfourthinstarAedesspecies
larvaeconstituted294percentofallinstarstakenSec
ondandthirdinstarlarvaeconstituted198and369
percentrespectivelyTheincreaseintheratiooffourth
instarlarvaeindicatesthatagreateropportunitywas
presentinthisfieldforpupationandadultemergence
Speciesofmosquitoestakeninsampleswere924percent
Aedesspeciesand76percentCulexspeciesAedesspecies
wereprimarilyAedesnigromaculisandAedesdorsalis
CulexspecieswereprimarilyCulextarsalisLarvalden
sitiesaveraged14larvaeperdipThisfieldwasthemost
abundantproducerofmosquitoesofthethreestudied

GoodmanagementofwaterbytheirrigatoronField
No3resultedinanirrigationefficiencyof66percent
eventhoughsomespotsneededtobereleveledDuring
oneirrigationcycleafewadultmosquitoeswereproduced
whenbackflowofwateruponthelowerportionofthe
fieldoccurredduetofailuretocloseadrainvalvefollow

ingirrigationAquaticsamplesexceptfortheoccasion
mentioneddidnotcontainfourthinstarlarvaeanda
highpercentageor754percentofthelarvaerecovered
bydippingwassecondinstarOnlyAedesspeciesmos
quitoesweretakenfromthefieldandthesewereprimarily
AedesnigromaculisandAedesdorsalisTheabsenceof
mosquitoproductioninthisfieldreducedlarvaldensities
Mosquitoproductionhasbeenloworabsentonthisfield
formanyyearsasrecordedbytheMercedCountyMos
quitoAbatementDistrictHoweversurroundingareas
weresometimesresponsibleformosquitoeswhichre
seededthefieldwithAedeseggsandproducedthelarvae
measuredateachirrigation

Evaluationofexistingwatermanagementpracticeson
threetypicalfieldsintheMercedCountyMosquito
AbatementDistrictindicatesthatpondedwaterinpas
turesisonesourceofmosquitoproductionFurthermore
thelongersamplingopportunitythatwaspossibleon
fieldswithlowirrigationefficienciesindicatestheneed
forbetterwatercontrolandmanagementtominimize
surfacepondingTheextremelylowirrigationefficiencies
obtainedisnotonlyawastefuluseofourwaterresources
butappearstobedefinitelycorrelatedwiththeproblem
ofmosquitoproductionFurtherstudiesarebeingmade
inthisareatosupportthepreliminaryresultspresented
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SOMEOBSERVATIONSONAEDES
NIGROMACULISEGGS

BETTINAROSAYI

AstudyofAedesnigromaculiseggshasbeenunder
takenwiththeultimateaimtocontrolmosquitoesthrough
fieldtreatmentofeggseither1byinhibitinghatching
throughinterferencewiththechemicalactionofgrowth
substancesintheeggsor2bystimulatingnaturalor
unnaturalhatchingwithchemicalphysicalormechani
calmeanstodecreaseeggdensitiesinfieldsandthereby
decreasingproblemsofcontrol

Thepreliminarystepsoftheinvestigationincluded
obtainingeggsthatwouldactinaconsistentmanner
undertestconditionsTheprocedurehasbeentocontrol
thetemperatureandhumidityambienttotheeggsduring
theperiodofembryonicdevelopmentwhichisthe3to5
daysfollowingovipositionConstantrelativehumidities
weremaintainedintightlyclosedjarsinwhichtherewere
supersaturatedsolutionsofselectedsaltsconstanttem
peraturesweremaintainedinincubators

Afterspecifiedlengthsoftimesubsequenttoflooding
allunhatchedeggswereexaminedtofindreasonsfornot
hatchingThroughouttheworkconsiderablevariationin
eggactionswasnotedandeffortsweremadetofindout
whythevariationsoccurred

Eggscouldbedividedintotwogroupsaccordingto
theiractionthosethathatchedwhenfloodedandthose
thatdidnothatchwhenfloodedBothcouldoccurwithin
asingleeggbatch

Incubationat85Fand95100percentRHhascon
sistentlyproducedatleast80percenthatchingofegg
batcheswithin24hoursafterflooding

Therewerethreetypesofeggsthatdidnothatchdue
toaretardingofgrowthbeforeduringandafterem
bryonicdevelopment
IDelayedembryonationTherewasnoembryonic

growthundercertainconditionswithintheusualtime
allowedfortheprocessembryonationproceededlater
underfavorableconditions

IIImmatureembryosGrowthwashaltedatapoint
shortofmaturitysegmentationincompleteyolksacstill
presentAfewimmatureeggsappearedinnearlyevery

lEntomologistCaliforniaMosquitoControlAssociationandBu
reauofVectorControlCaliforniaStateDepartmentofPublic
Health



eggbatchTheseeggsmaturedandhatchedaftergradual
dryingandreflooding
IIIQuiescenteggsTheshellscontainedfullydevel

opedliveembryosthatdidnothatchwhenfloodedIf
quiescenteggsweremechanicallybrokenopentorelease
theembryosthelarvaeexhibitedonlyfeeblemusclemove
mentsanddidnotdevelopbeyondtheembryonicstate
Theylivedfromafewminutest6fivedaysThisimplies
thattheactofhatchinginvolvesmorethanthemere
openingoftheeggshell

Thehatchabilityofaneggseemstobeinfluencedby
theeggshellwhichiscomposedofthreeunitsTheouter
mostcoveringissculpturedandiseasilypeeledaway

Themiddlelayerordarkchorioncanbedissolvedby
sodiumhypochloriteItapparentlycontrolswaterlossin
protectingtheembryofromexcessivedryingWhenthe
chorionisinplaceeggscanbedessicatedtothepointof
nearcompletecollapsingtheembryodehydratedand
theeggsstoredWhensucheggsarereplacedinamoist
orwetenvironmenttheembryowillhydratetheshell
willregainitsnormalshapeandthelivelarvaemerges
Howeverifthechorionisremovedbeforedryingthe
actionisirreversibleietheembryoiskilledbywater
loss

Theinnermembranethetransparentembryonicen
velopeishighlyresistanttosuchmediaasmineraloil
xylolsodiumhypochloriteandalcoholinwhichdechor
ionatedeggshavebeenimmersedDechorionatedquies
centeggshavebeenallowedtoremaininthemediafor
extendedlengthsoftimewithoutinjurytotheembryo
Whendechorionatedcollapsedeggswereplacedinwater
solubledyeswaterbutnotthedyewasobservedtopass
throughthemembrane

Theinformationpresentedisbasedonlaboratorydata
andthefindingsshouldnotbeinterpretedashappening
inthefielduntilfurtherobservationsareavailable

FURTHERSTUDIESDURING1954ONBLUE
GREENALGAE APOSSIBLEANTI

MOSQUITOMEASUREFORRICEFIELDS

RICHARDWGERHARDTEntomologist
CooperativeCaliforniaMosquitoControlAssociation
BureauofVectorControlRiceFieldEcologyStudy

During1953preliminarystudieswerecompletedwhich
demonstratedthedeterrenteffectofcertainspeciesof
bluegreenalgaeonmosquitolarvaeinricefieldsIn
additionitwasdemonstratedthatitispossibletotrans
plantbluegreenalgaefromricefieldswheresuchalgae
occurnaturallyasdominantorganismstootherricefields
wheretheywerefoundtobeabsentortooccuronlyin
minutequantitiesThistransplantmethodusedricestub
blecutandrakedalongwithdebrisfromaricefield
knowntosupportanabundantgrowthofAnabaena
Gerhardt1953inthebeliefthatthismaterialwould
serveasacarrierofalgalsporesThepracticalityofthis
methodseemedinneedofsubstantiationandwasunder
takenduring1954

Demonstrationofthemodeofactionofthesealgaeas
theyaffectmosquitolarvaehasbeenundertakenbythe
DepartmentofPlantNutritionUniversityofCalifornia

ITheAuthorwishestoacknowledgewiththankstheaidgivenby
MrLeonHallandthemanagersoftheButteCountySacra
mentoYoloCountySanJoaquinCountyStanislausCounty
andSutterYubaCountyMosquitoAbatementDistricts
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Someworkalreadyhasbeencompletedandadditional
studiesareplanned

Experimentalworktogainadditionalinformationcon
cerningtheproblemsoftransplantingbluegreenalgae
intoricefieldswascompletedduring1954Theinforma
tiongainedshedslightonthebiologyofbluegreenalgae
inricefieldhabitatsandindicatesproblemsforfuture
studyasrelatedtomosquitocontrolwork

MethodsandProcedure

Duringthewintermonthsof19531954ricestubble
wascutandgatheredfromtheSmithricefieldnearNel
sonCaliforniaThisfieldislocatedinButteCounty
Township20NRange1ESection31Thefieldhasbeen
understudyfortwoyearsprevioustoharvestingthestub
bleandisknowntosupportadominantgrowthofAna
baenaunisporaGardnGerhardt1953

ThestubblewastransportedtotheRiceFieldMosquito
EcologyProjectCenternearLincolnCaliforniawith
authorizationfromtheAgriculturalCommissionersof
ButteandPlacerCountiesAllsubsequenttransplants
weremadewithpermissionoftheAgriculturalCommis
sionersoftherespectivecountiesintowhichthismaterial
wasintroduced

Thestubblewasstoredonanelevatedslatplatform
whichallowedairtocirculatebeneaththestrawandwas
coveredwithtarpaulins

DuringMarchthestubblewastransportedtoanearby
ranchwhereitwasfedthroughachoppingmachineof
thetypeordinarilyusedtochopforagecropsThepro
cessedstubblethenwassackedincommonclothfeed

sacksandstoredinadrybarn
Afterprocessingthestubblewasintheformofchaff

thelargeststrawfragmentsnotexceeding2inchesin
length

FivericefieldswerechosenasexperimentalplotsThese
werewidelydistributedinthericegrowingareasofthe
Stateasfollows

ButteCountyT18NR2ES25
YubaCountyT17NR4ES15
YoloCountyT12NR2ES19
SanJoaquinCountyT3NR6ES35
StanislausCountyT3SR9ES11

Ricestubblewasbroadcastbyhandintotheexperi
mentalsectionsofthesefieldsThestubblewasplacedon
thecompletelycultivatedsoilbeforefloodinginallexcept
theStanislausCountyfieldplotwherethestubblewas
broadcastonthesurfaceofthewatershortlyafterthe
fieldwasflooded

Theexperimentalplotswerelocatedinthelastfew
checksofthefieldsdownstreaminrespecttowater
currentsexceptinthecaseofSanJoaquinCounty
whichwasasmallisolatedfieldofonlyonecheckwhich
hadnooutlet

Controluntreatedplotswereestablishedattheupper
endsofthefieldsexceptinthecaseoftheSanJoaquin
Countyfieldwhereasimilarneighboringfieldwasused
asacontrol

Sinceitisknownthatbluegreenalgalspeciesofthe
genusAnabaenagenerallyrequireatraceofmolybdenum
forgrowthabout8ozofammoniummolybdatewasap
pliedtoeachstudyplot

Theratesofapplicationofthericestubbleandofthe
ammoniummolybdatevariedineachfieldEightsacksof
choppedstubblewereappliedtoeachexperimentalplot
Eachofthesesackscontainedabout10lbsofdrystubble



Applicationswereasfollows
ButteCo 6acres 8sacks

YubaCo 2acres 8sacks

YoloCo 13acres 8sacks

SanJoaquinCo acre 8sacks

StanislausCo 1acre 8sacks

Thesuccessoftheinoculationin

plotwasjudgedasfollows
1Thepresenceofbluegreenalgaeinthestudyplots

wasdeterminedbyfieldobservationandmicroscopic
examinationofcollectionsofalgalmatsandplank
tonsamplesPlanktoncollectionsweremadewitha
SedgewickRafterfunnelWaterwascollectedfrom
thedischargeweirsoftherespectivefieldsAnex
ceptiontothismethodwastheSanJoaquinCounty
fieldwhichhadnooutletInthiscasewatersamples
weretakenfrommidfield

2Thetransplantsweretestedastopossibletoxic
effectsonmosquitolarvalpopulationsPopulation
samplesformosquitolarvaewereobtainedbythe
conventionaldippermethodandrecordswerekept
foreachoftheexperimentalandcontrolplotsex
ceptinthecaseoftheStanislausCountyfieldwhere
distancespreventedregularvisitstothefield

Results

BluegreenalgaeofthegenusAnabaenawerefoundin
abundanceinallbutoneYubaCountyofthericefield
experimentalplotsEachofthefieldsexcepttheYuba
Countyfieldshowedheavyspringbloomsofbluegreen
algaeThebloomswerefirstevidentintheexperimental
plotsInonefieldButteCountythebloomextended
intotheremainderofthefieldThebloomintheupper
portionofthefielddiedoutbymidJulybutthealgae
persistedintheexperimentalplot

Aftertheoriginalbloomhadrunitscoursethealgae
declinedinabundanceandinonefieldYubaCounty
virtuallydisappeared

TherelativeabundanceofthegenusAnabaenainthe
testandcontrolplotsisexpressedasapercentofthetotal
algalflorapresentThefindingsaresummarizedinthe
tablesbelow

EarlyJune
ExperimentalPlots ControlPlots

Butte 80Anabaena 10Anabaena
Yolo 40
Yuba 10
SanJoaquin 80
Stanislaus 40

MidJuly
ExperimentalPlots ControlPlots

Butte 50Anabaena 20Anabaena
Yolo 10

ff
trace

Yuba trace

SanJoaquin 50
Stanislaus 25

MidAugust
ExperimentalPlots ControlPots

Butte 50Anabaena trace

Yolo 10
f

trace

Yuba trace 80Anabaena
SanJoaquin 50 10

1f

Stanislaus 20 10
17

Findingsduringtheremainderoftheseasonmid
AugusttolateSeptemberwereessentiallyasthoseshown
formidAugust

ft

ff

ft

ft

ff

13sacksperacre
40sacksperare
60sacksperacre

160sacksperacre
80sacksperacre

eachexperimental

trace

10
trace

10

20
trace

10

ft

If

It

tf
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Asummaryofthelarvalcollectionsfortheseasonis
giveninthegraphsonPage122

Discussion

Thedataintheprecedingtablesshowthatallexcept
oneofthetestplotsYubadisplayedanabundanceof
AnabaenaduringtheearlypartoftheseasonNoscientific
explanationcanbegivenatpresentforthedeclinein
abundanceofthebluegreensfollowingtheearlybloom
Howeveritmaybethatinsufficientamountsofmolybde
numweresuppliedsothatthiselementwaseventually
depletedThisassumptionisfurtherstrengthenedbythe
factthatthetransplantswereneartheendofeachfield
sothatthewaterinthesecheckswascontinuouslydis
placedthroughouttheseason

Anotherpossibleexplanationmaybethattheemergent
riceplantsshadedthewatersufficientlytointerruptpho
tosynthesisbythealgae

ItShouldbenotedthatthecontrolplotinYubaCounty
becamedominatedbyanaturallyoccurringgrowthof
AnabaenasppinlateJulyThisisnotanunusualoccur
renceThewriterhasobservedmidseasonbloomsof

bluegreenalgaeinricefieldsinpreviousyears
Duringthe1954seasonobservationsinthestudyplots

andotherricefieldareasrevealedthatlarvalinfestations

occurredinmarkedlyinsignificantnumbersascompared
withpreviousseasonsInviewofthesmallnumbersof
larvaefoundinthestudyplotsitwasdifficulttoestablish
amarkedorsignificantdifferenceNeverthelessgeneral
izedobservationsontheabsenceofmosquitolarvaein
thepresenceofdominantbluegreenalgalgrowthwas
upheldthiswasnotasspectacularasitmighthavebeen
iflarvalpopulationshadbeenhighOfparticularinterest
isthecoincidentdeclineofmosquitolarvalpopulationsin
allfieldsdominatedbybluegreenalgaeThisoccurred
inmidJulyinallstudyareas

Conclusions

During1954fieldstudiesrevealedthatitispossibleto
transplantbluegreenalgaefromtheirnaturalricefield
environmentsandencouragethemtogrowinaricefield
wheretheywouldnormallyoccurinonlyminutequan
tities

Ricestubblecutfromfieldsdominatedbyalgalgrowths
ofthegenusAnabaenaisameansoftransplantingthis
algaHoweverthismethodisinefficientinthatlarge
quantitiesofthestubblearenecessarytoachievean
abundanceofthealgainthenewenvironmentItisfelt
thatgreatersuccesscanbeachievedwhenitbecomes
possibletoutilizemassculturedalgaeasthesourceof
inoculumThefeasibilityofsuchtransplantsdeserves
study

Generallymosquitolarvaewereabsentintestplots
wheretherewasanabundantgrowthofbluegreenalgae

Summary
BluegreenalgaeofthegenusAnabaenaweretrans

plantedfromricefieldareasinthevicinityofNelson
CaliforniatoselectedricefieldstudyplotsinButteYuba
YoloSanJoaquinandStanislausCountiesAnabun
dantgrowthofbluegreenalgaewasobservedinallbut
oneofthetestplotsthroughoutthericegrowingseason
of1954Theplotsexhibitedearlybloomsfollowedbya
gradualdeclineofthealgae

Ingeneralmosquitolarvaewereabsentfromfields
whichsupportedanabundanceofbluegreenalgal
growth
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Themethodoftransplantingthealgaebyusingrice
stubblecutfromfieldssupportingadominantgrowthof
Anabaenawasfoundtobesuccessfulbutnotefficientas
itshouldbeforpracticaluseThepossibilityofachieving
moresuccessfultransplantsbyusingmassculturedalgae
shouldbeinvestigated
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EditorsNotePromptedbythenecessityforbrevitythefollow
ingsectiononsubprojectshasbeenextractedforprintingfrom
themorevoluminousreportoriginallysubmitted

SubProjectNo1 RiceWaterFlow Circulatingvs
NonCirculating
Thestudyareaforthisworkwasestablishedover8

plotswhichwere40x80feetInfourplotswaterwas
circulatedataslowratebytheuseofa1inchrecircu
latingpumpwhiletheotherfourplotswereleftata
constantwaterleveltostagnatewithonlyenoughwater
enteringtomaintainaconstantleveltocompensatefor
lossbyseepageevaporationandtranspirationbythe
plantsAllplotswereplantedtoriceoftheColoraVariety

Aminimumof20dipsplotweretakenineachofthe
eightplotstwiceweeklytodeterminethemosquitolarval
countsThesecountsweretakensystematicallyfrommid
JunetomidSeptemberamountingtosome1040dipsper
plotfortheseason

MosquitoProduction ACirculationBStagnation
Anophelinelarvae 21 0025 42 005
Culicinelarvae 112 0125713 080

Totals 133 015755 085

Theabovetabulationisencouragingtowardslowcircu
lationofricewaterwhichultimatelyshouldprovea
beneficialpracticebygrowersifuniformcirculationcould
beachievedthroughoutthericefieldsAsexperience
showsricewatertendstofollowdefinitechannelsthrough
thericepaddiesandinremotecornerslittleifanyactual
circulationisachievedTheinstallationofmoreirriga
tionboxeswithamorethoroughspreadofcirculating
watercanbeaccomplishedbyengineeringmethods
SubProjectNo2IntermittentSubmergenceofRice

AlternateFloodingandDrying
Thisparticularphaseoftheworkwascarriedoutover

12ricenurserylotswhichwere20x100feeteachThese
plotsduringgerminationandearlygrowthofricefrom
midJunetomidJulywerefloodedtoadepthof4inches
for3to5daysthenwaterwasdrainedoffslowlyand
lefttodryuntilthesoilstartedtocrustonthesurface
thentheywerefloodedagain

Theresultsachievedbythisworkwereessentiallynega
tiveexceptforoneplotthatshowedanearlyinvasionof
culicinesthatwasofshortdurationandoflittlesignifi

CooperativeOperationalInvestigationsCaliforniaMosquito
ControlAssociationandtheBureauofVectorControl
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canceAsanadjuncttothismudsamplesweretaken
fromtheseplotsandplacedinonequartenamelpansto
seeifeggswerepresentandifsowhethertheycouldbe
inducedtohatchTheresultsheretooweredisappoint
ingandgaveonlynegativeresponsestoreport
SubProjectNo3CheckonMosquitoProductionin

RelationtoFertilityLevelsofRiceSoilsTreatedwith
VariousLevelsofAmmoniaSulphateNandNu
greenUreaNandUntreatedControlPlots
Theseplots18innumberwerecheckedtwiceweekly

bystandardmethodsandthroughouttheseasondidnot
yieldanymosquitolarvaeEventhecontrolplotswere
negativeHowevertheexperimentalsetuponthisproj
ectasdesignedbyaUniversityspecialistwasnotsuitable
forafairappraisalsincethereplicatedtreatmentswere
laidoutinlargeoneacrerectangularfieldswithnodivid
ingcontourleveesbetweentherespectiveplotsHence
thericeirrigationwateroverthesefertilizertreatments
wassubjecttomixingfromalltheplotsEvenchemical
laboratoryanalysisofwatersamplesfailedtodefineany
varianceovertheseveraltreatmentlevelsHoweveritis
thoughtsignificantthatnomosquitoproductionwasob
tainedoversoilsthatweretreatedwithsyntheticnitrogen
fertilizersInadditiontothistheLlanoSecoRanchorice
fieldsthatweretreatedwith80lbsNugreenplusaheavy
nitrogengreenmanurecropsthepreviouswinteralso
resultedinnoproductionoflarvaeAnattempttolocate
aricefieldthatwasnotfertilizedwithnitrogeneither
syntheticallyornaturallytobeacontrolalsofailedto
materializesinceallriceisnowfertilizedinonewayor
another

SubProjectNo4DepthofWaterinPreWarmingBa
sinsPartofUofCRiceColdWaterStudiesCon
ductedatBiggsStationandBruceWylieStationin
GlennCounty
Thisprojectwassetupasfollows6depthopen

6depthweedy12depthopen24depth
opentheseplotswerereplicatedtwiceatBiggsandonce
atBruceWylieStationWatercirculationwasrelatively
uniformandslowoverallplots

Aminimumof20dipsweretakenineachofthese12
plotstwiceweeklytoascertainlarvalpopulationsThese
countsweretakensystematicallyfrommidJunetomid
Septemberamountingtosome1100dipsperplotforthe
season

Totallarvalnumbersdippedwereasfollows
BiggsA 6Open6Weedy12Open24Open

Anopheline 1 19 0 0
Culicine 325 91 1 0

BiggsB
Anopheline 0 7 0 0
Culicine 6 6 0 0

WylieC
Anopheline 26 1 8 3
Culicine 20 0 15 5

Thehighcountofculicinesdippedinthe6inchopen
warmingbasinwasnotanentirelyidealsituationinas
muchasthesideofthebasinwheretheselarvaewere
takenwasashallowportionnearthebankandinnoway
reallyrepresentativeoftheconditionsofthetestHow
everitdoespointoutthatifthesewarmingbasinsare
crudelyconstructedandcreatesuchcongenialsitesthey
maylendthemselvesasadetrimentItappearsthatthe
6inchdepthopenbasinswillnotbehighlyproductive
ofmosquitoesiftheyareproperlyconstructedandman
agedwithaslowcirculationofwaterThelarvaetaken
inthe12inchand24inchbasinsweredippedadjacent



totheleveebanksandunderoverlyingwatergrassIn
terestinglyenoughessentiallyallweedswereremoved
fromtheleveebanksofthebasinsatBiggswhilewater
grasswasallowedtogrowonthebanksoftheWylieSta
tionbasinsTheUniversityalsohaditsmostsignificant
resultswiththe6inchdepthopenwarmingbasinsthis
yearforwarmingthericewaterHoweverpoorrice
croppingofthispastseasonattributedtolowsummer
temperaturesgaveverypooryieldrecordsuponwhich
torestconclusions

SubProjectNo5InfluenceofRiceWeedHerbicides
PlantHormones
Severalcrudeattemptsweremadeduringtheseasonto

makeacursorycheckonthepossibleinfluenceofrice
weedherbicidesonmosquitoproductionTheweedchem
icalstestedwere24DandMCPtheBritishslowacting
hormonetypeweedkillernowbeingusedextensivelyin
Californiaricefieldsforcontrolofbroadleavedweed

pests
Thesetestswerecarriedoutwithuseofdistilledwater

fieldwaterandfieldwaterplussoilThefieldwaterwas
riceirrigationwaterfromwhichthelarvaeweredipped
andwasfilteredthroughastandardplanktonnettore
movethelargersuspendedorganicmaterialsTheconcen
trationsofherbicideusedranged15001100012000
13000and14000partsbyvolume

Culicinelarvaeofthesecondthirdandfourthinstars
wereusedinthesetestssincetheirabundancewasmuch
greaterthanfirstinstarstageswhichwereinshortsupply
attimesofthetestingTenlarvaeofeachstagewereused
inthetreatmentsandaduplicatenumberweretestedat
thesametimeascontrols

Theresultsshowedthataftersixhoursonlysixfourth
instarlarvaesurvivedinthe14000concentrateAfter
48hoursonlythreefourthinstarswerealiveAllthecon
trolserieswerealiveafter48hoursAirtemperatures
duringthetestingwere6298Fwhilethewater
temperaturesrangedfrom70to80FThesetestswere
conductedunderadverseconditionsinanopenendsheet
metalwarehousefreeofdirectsunlightHoweveritwas
feltthattheseconditionswhichwereimmediatelyadja
centtothericegrowingareasmayhavesimulatednat
uralconditionstoaclosedegreeexceptfortheexclusion
ofdirectsunlight

Infieldpracticericeissprayedwiththeseherbicides
50to60daysafterplantingFieldchecksunderactual
conditionsdidnotrevealpositiveresultsthisseasonsince
nolarvaewereintheareastreatedbeforeorafter

spraying

THEEFFECTOFANINSECTICIDETREATMENT
ONSOMENATURALINVERTEBRATE

PREDATORSINRICEFIELDS

RICHARbWGERHARDTEntomologist
CooperativeCaliforniaMosquitoControlAssociation

BureauofVectorControlRiceFieldMosquito
EcologyProject

Insecticidesareonlyoccasionallyusedtocombatmos
quitoesarisingfromricefieldsinCaliforniaSincecur
rentlytheonlypracticalmeansofapplyingLarvicidesto
ricefieldsisbyaircraftandsincethisricefieldhabitat
issoextensivesuchlarvicidingistoocostlyforwidespread
use

ITheauthorwishestoexpressthankstoDrLMSmithDe
partmentofEntomologyUofCCollegeofAgriculturefor
adviceconcerningthepreparationofthispaper
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SomemosquitoabatementdistrictsinCaliforniaun
dertakelarvicidingofricefieldsbythefollowingmeans
FrequentlyDDTwettablepowderisappliedwiththe
seedriceatthetimeofsowingSperbeck1949Port
man1952Thismethodhasbeenparticularlysuccessful
incontrollingearlybroodsofAedesmosquitoesSome
larvicidingwithliquidspraysorgranularformulationsis
donenearthecloseofthericegrowingseasoninaneffort
toreducethelargelatebroodofAnophelesfreeborni
AitkenwhichannuallyemergesfromCaliforniarice
fieldsMostotherlarvicidingisdoneinlimitedlocations
asanemergencymeasureforparticularproblemareas

Sincemostlarvicidalapplicationstoricefieldsareper
formedbutoncewithoutfollowuptreatmentsitwas
decidedtoobservetheeffectofsuchanapplicationof
insecticideonthericefieldaquaticenvironmentSpecial
attentionwasgiventotheeffectofthetreatmentonnat
urallyoccurringinvertebratemosquitopredatorssince
theirdepletionshouldbeexpectedtoresultinasubse
quentlyincreasedpotentialmosquitoproductioninthe
treatedarea

METHODSANDMATERIALSAstudyplotwas
locatedinYoloCountyCaliforniaTownship9NRange
2ESection31Thericefieldatthislocationwasnewly
checkedandleveledforplantinginthespringof1954

Thelastcheckofthefieldcovering1214sqyards
approx4acrewaschosenasastudyplotSincethe
dischargeweirforthefieldwaslocatedinthischeckthere
wasnodangerofinsecticidesbeingcarriedintoother
partsofthefieldThenexttothelastcheckalsoapprox
4acreimmediatelyupstreaminrespecttowatercur
rentstothestudyplotandadjacenttoitwaschosenas
acontroloruntreatedplot

Determinationofthemosquitolarvalpopulationsof
thetwoplotswasmadebytheusualdippermethodand
thenumberswererecordedAneffortwasmadetosam

plethepopulationatrandombutstilluseaconsistant
technique

Determinationoftheinvertebratepredatorpopulation
wasmadebyusingalargetriangularlyshapedaquatic
dipnetThreeunderwatersweepsatarmsLengthwith
thisnetcoveredapproximatelyonesquareyardofsurface
area

Thepredatorpopulationindexwasbasedonthenum
bersofthreeinsectsmostcommonlyfoundandconsidered
tobeofimportanceaspredatorsofmosquitolarvae
ThesewerenaiadsofOdonataallstagesofNotonecti
daeandadultDytiscidaeHinman1934Otherforms
werecollectedbutarenotincludedinthedatapresented

OnSeptember161954thestudyplotwaslarvicided
Theapplicationwasdonebyhandusingathreegallon
HudsonpressurespraycanAfavorablewindaidedthe
applicationandtheentireareaofthecheckwassuccess
fullycovered

Sixgallonsof2wateremulsionDDTspraywereap
pliedinthetreatmentThustheapplicationratewas
approximately4lbsofactualDDTperacreThisexces
sivetreatmentwasappliedtoinsureakillofbothmos
quitoesandthehardiestofpredatorspecies

RESULTSThemosquitopopulationofthestudy
plotonthedayprevioustothetreatmentwas26perdip
Invertebratepredatorsaveraged5persweepbeforethe
treatment

Populationdeterminationsonthedayfollowingthe
treatmentrevealedthatthetreatmentwassuccessfulin

killingallmosquitolarvaeandallinvertebratepredators
inthetestplotBothremainedabsentduringtheensuing
weekEightdaysfollowingthetreatmentspecimensof



firstinstarmosquitolarvaeCulextarsalisCoqand
adultNotonectidaewerecollectedfromthestudyplot

Themosquitopopulationrecoveredrapidlyafterthe
eighthdayTwodistinctbroodsofCulextarsalisemerged
within15daysThenumbersoflarvaecollectedbydip
pingaveraged35perdipduringthelarvalstagesofthe
firstbroodand75perdipforthesecondbroodThe15
dayaverageforthesetwobroodswas54perdipAfew
firstinstarAnophelespresumablyfreeborniwerecol
lectedduringthetestperiodbuttheywereextremely
scarce
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InsecticidePredatorStudy Gerhardt1954
RiceFieldMosquitoEcologyProject
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Thepredatorpopulationinthestudycheckrecovered
simultaneouslywiththemosquitoesbuttoalesserextent
Theaveragenumbercollectedpernetsweepduringthe
15dayperiodpreviouslymentionedwas11

Thecompositionofthepredatorpopulationchanged
followingthetreatmentAdultsofNotonectidaewerefirst
toreenterthestudycheckAfewadultsofDytiscidae
werenoted12daysafterthetreatmentbuttheirnumbers
remainedlowNonaiadsofOdonatawerefoundinthe
testplotafterthetreatment

Duringthetestperiodthepopulationlevelsoflarvae
andpredatorsinthecontroluntreatedplotremained
approximatelyparallelTheaveragenumberoflarvae
collectedduringthetestperiodwas24perdipwhile
thepredatorsaveraged18persweep

Theaccompanyinggraphsillustratecomparatively
thepopulationsoflarvaeandpredatorsinthetwoplots

CONCLUSIONS Unfortunatelyitwaspossibleto
conductonlyoneexperimentofthistypeduringtherice
growingseasonof1954
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Onthebasisofthedataavailableitissuggestedthat
asinglelarvicidalapplicationmaydomoredamagethan
goodbyreducingnaturalpredatorsofmosquitolarvae
Ecologicalexperimentsofthistypeneedtoberepeatedin
suchamannerastoyieldinformationontheeffectsof
insecticidesastheyarenormallyappliedinabatement
work

Additionalworkofthistypeisplannedanditishoped
thatfurtherinformationonthissubjectcanbepresented
atfuturemosquitocontrolconferences
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RESTINGHABITSOFADULTCULEXTARSALIS
COQUILLETTINSANJOAQUINCOUNTY
CALIFORNIANOVEMBER1953THROUGH

NOVEMBER1954APRELIMINARYREPORT
ECLOOMISANDDHGREEN

INTRODUCTION

ThisstudycontinuesinvestigationsbegunbyMorten
son1953inthewinterof19521953inFresnoand
KingsCountiesCaliforniaontheoverwinteringbehavior
ofadultCtarsalisThepresentinvestigationwasex
pandedinscopetoincludethefollowingaspectsofthe
biologyofthisspeciesnaturalrestingplacesselected
duringboththewinterandsummermonthstheuseof
bothnaturalandartificialrestingplacesbytheover
winteringpopulationandobservationsongravidand
engorgedconditionsoffemalesduringtheoverwintering
period

PROCEDURE

Biweeklysurveysweremadefromninenaturaland
from12to15artificialrestingplaceswithinanoncon
trolledmosquitoareaofSanJoaquinCountycontinuous
lyfromNovember1953Thenaturalrestingplacescon
sistedofanimalburrowstreestumpsanduprootedends
offallentreesTheartificialrestingplacesconsistedof
chickenhousesbridgesandcellarsWiththeexception
oftwosurveysallcollectionsweremadebyoneperson
Eachrestingplacewasinspectedforapproximatelyfive
minutesandatthesametimeofdayineachsurveyThe
collectionprocedureinthenaturalrestingplaceswasthe
sameasusedbyMortenson1953Inusingthismethod
thecollectorcoveredhimselfwithmosquitonettingand
tookapositionsothatthemosquitoesleavingtheresting
placewouldlandwithinthenetBysprayingthreecharges
ofchloroformfromaflitgunintotheentranceofthe
restingplacethemosquitoeswereactivatedandcollected
fromthenetbymeansofanaspiratorTenminutecol

1ConductedbytheBureauofVectorControlCaliforniaState
DepartmentofPublicHealth
2AssociateVectorControlSpecialistBureauofVectorControl
3VectorControlOfficerBureauofVectorControl



lectionsfromartificialrestingplacesweremadewithan
aspirator
RESULTS

Ctarsaliswasfoundtousethenaturalrestingplaces
throughouttheyearFigure1Duringthecolder
monthsDecemberthroughFebruaryairtemperatures
below50degreesthisspeciesconstituted73percentof
thefemalemosquitoesrecoveredfromtheserestingplaces
seeTableIDuringthewarmermonthsMaythrough
Novemberairtemperaturesfrom67to81degreesthis
speciesconstituted42percentofthetotalfemalemos
quitoesrecoveredfromthesamerestingplacesThere
sultsofthe195253studybyMortensonindicatedthat
treesandbrushpileswerebettercollectingplacesthan
animalburrowsforCtarsalisThepresent15month
studyshowednosignificantpreferencebythisspeciesfor
eitheranimalburrowsortreerestingplacesItisinterest
ingtonotethatalmostallmosquitoesdisappearedfrom
treesfromMarch3toMarch31andfromanimalbur

rowsfromMarch17throughApril12
RecoveriesoffemaleCtarsalisfromartificialresting

placesduringthesamecoldandwarmmonthsoftheyear
amountedto13and34percentrespectivelyThereis
thereforeanindicationofpreferencebythisspeciesfor
naturalrestingplacesduringthewintermonths

EngorgedandgravidCtarsaliswerefirstfoundinthe
naturalandartificialrestingplacesonFebruary17and

TABLE1RECOVERIESOFFEMALEMOSQUITOESFROMSANJOAQUINCOUNTY
CALIFORNIANOVEMBER1953THROUGHJANUARY51955

DATECOLLECTED
Numberof

stations

collected

November101953 12
November27 12

December10 14

December23 15

January61954 14

January20 15

February3 15

February17 15

March3 14

March17 13

March31 15

April12 14

April26 15

May27 14

June10 14

June24 15

July8 15

July22 15

August5 15

August19 14

September1 15

September16 12

September29 15

October13 14
October27 14

November10 14

November23 13

December9 14

December22 15

January51955 15

ARTIFICIALRESTINGSTATIONS

Total
female

mosq

Total
femaleC

tarsalis
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566 12 471
411 46 342
523 58 374
301 40 200
164 26 117
142 16 94
103 23 69
101 13 68
40 6 28
29 9 22
14 0 09
17 3 12
31 9 21

166 29 118
302 125 215
346 230 231
307 177 205
341 180 228
198 111 132
345 153 246
340 142 226
292 87 243
437 59 291
534 28 381
454 21 324
750 45 535

770 39 592
594 59 424
432 47 288
216 42 144

March31954respectivelyThiscloselyfollowsthere
coveriesinJanuaryandFebruaryoffedandgravidC
tarsalisfromKernCountybyBrookman1950and
KingsandFresnoCountiesbyMortenson1953The
percentofengorgedandgravidspecimensrecoveredfrom
thesedifferentrestingplacesprobablyisnotsignificant
becauseofthelownumberofspecimensrecoveredIn
comparisonengorgedandgravidCulexpipienswere
foundeverymonthexceptFebruaryinartificialresting
placesandeverymonthexceptDecemberJanuaryand
FebruaryinnaturalrestingplacesEngorgedbutnever
gravidspecimensofAnophelesfreeborniwererecovered
throughoutthewintermonthsNovembertoMarchin
artificialrestingplaceswhereasthisspecieswasnever
recoveredinnaturalrestingplacesduringthesesame
months

Thevariousspeciesinthenaturalrestingplacesto
dateshowthreedominantmosquitoesinorderoftheir
frequencyofoccurrenceCtarsalisCstigmatosomaand
CpipiensEightotherspeciesamountedtoonlythree
percentofthetotalspeciesrecoveredandareinorder
oftheirfrequencyofoccurrenceAedesaaripalpusAedes
dorsaltsAnophelesfreeborniCulisetainornataCuliseta
incidensandAnophelespunctipennisCulexerythrothor
axandAnophelesfranciscanus

Theresultsobtainedfromthepresent15monthin
vestigationindicateatrendofthebehaviorpatternof

Noof Noof
femalefemaleC
mosqtarsalis
station station

NATURALRESTINGSTATIONS

Noof Noof
femalefemaleC
mosqtarsalis
station station

NumberofTotal Total
stations female femaleC
collected mosq tarsalis

10 9 109 34 121 37
38 9 188 61 209 67
41 9 34 26 37 29
26 9 13 11 14 12
19 9 16 9 17 10
11 9 17 13 19 14

15 9 12 9 13 10

08 9 9 6 10 06

04 9 1 1 01 01

07 8 2 1 02 01
00 9 0 0 0 0

02 9 3 3 03 03
06 9 18 4 20 04

21 9 89 36 99 40
89 8 56 19 70 23
153 9 215 88 239 97
118 9 172 62 192 69

120 9 162 98 180 109

74 9 122 58 136 64
109 8 252 154 315 192
95 9 236 83 262 92

72 9 200 62 222 69
39 9 163 65 181 72
20 9 136 50 151 55
15 9 31 9 34 10

32 9 31 8 34 08

30 9 27 9 30 10

42 9 18 7 20 07
31 9 0 0 0 0

28 9 4 4 04 04



RECOVERIESOFFEMALEMOSQUITOESFROMSANJOAQUINCOUNTYCALIFORNIA
NOVEMBER101953TOJANUARY51955

V RESTING

ISTATIONS

ALLSPECIES

NtlmenN oNo

v mgg
1

SUMMARYOFTHECOASTALREGIONS
MOSQUITOCONTROLACTIVITIESFOR

195354

127

502

l1AVERAGENUMBERPER
5351 STATION

i

50

k

CtarsalisAdditionalinformationmaybecontradictory
Forexamplecollectionsmadefromthenaturalresting
placesinNovemberDecemberandJanuary19541955
showafourfolddecreaseofallmosquitospecieswhen
comparedwithcollectionsmadeduringsimilarmonths
in19531954Anincreaseinallmosquitospeciesisob
servedwhencollectionsfromartificialrestingplacesare
comparedforthesesamemonthsduringthetwowinter
periodsAcontributingfactortothesedifferencesmay
betheextremelylowairtemperaturesrecordedduring
thesethreewintermonthsof19541955inthenatural
restingplaces

LITERATURECITED
MortensonEW1953ObservationsontheOverwintering

HabitsofCulextarsalisCoquillettinNatureCalif
MosqControlAssoc21stAnnConfProcandPapers
pp5960

BrookmanB1950BionomicsofCulextarsalisCoquillettinIrri
gatedAreasofaLowerSonoranEnvironmentDoctors
thesisdepositedintheUniversityofCaliforniaLibrary
UniversityofCaliforniaBerkeleyCalifornia

WILLIAMLRUSCONISuperintendent
NapaCountyMosquitoAbatementDistrict

InthebeautifulsunlightoftheSanFranciscobayre
giontherearenine9MosquitoAbatementDistricts
Whenindividualsaretalkingaboutmosquitocontrol
problemsinthebayregionMADstheyareusuallydis
cussingthesaltmarshmosquitoesAedessquamiger
Aedesdorsalisandtheproblemsofcontrolrelatingto
thosemosquitoesHardlyanymentionismadetothefresh
waterspeciesCulextarsalisCstigmatosomaCpipiens
etcandtheircontrolproblemsHoweveritisofinterest
tonotethatpracticallyallrepresentativesoftheMADs
withwhomIspokeorwhoforwardedasummaryof
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activitiesforthe195354mosquitobreedingseasonstated
quiteclearlythatmorethanhalfoftheirannualexpendi
tureswereusedforthecontrolofthefreshwaterspecies
Thequestionsnowariseastowhathappenedtothesalt
marshmosquitoestomakethempracticallydisappear
fromoursaltmarshesandtothewhysandwhereforsof
suchlargeexpendituresforthecontrolofthefreshwater
mosquitoesTheconsensusofopinionamongalltheBay
AreaMADsconcerningtheanswertothefirstpartof
thequestionisthatsourcereductionthroughdrainage
practicesreclamationofmanymarshesbydirtfillingand
byproperlytimedremedialsprayoperationshavereduced
saltmarshmosquitobreedingInansweringthesecond
partallagreedthatatremendousincreaseinindustrial
plantssuburbanhousingandconsequentlygreaterwater
usehavecausedanincreaseinmosquitobreedingsources
suchsourcesincludingoxidationpondsfromcannerys
sewagedisposalpondsfromnewlyincorporatedareasan
increaseincatchbasinsstormanddomesticdrainsfish
pondsandextensiveirrigatedagricultureinsomedistricts
SolanoSantaClaraContraCostaandAlameda

Allthebayareadistrictsindicatedthattheyhaden
joyedanexceptionallymosquitofreeyearThreedistricts
ContraCostaNapaandSolanoreportedincreasing
annoyancewithmuskratsthatburrowadjacenttothe
tidegatesandthuscausedamagebyfloodingmanyacres
ofmosquitobreedinggroundSeveralMADsMarin
AlamedaSanMateoContraCostaandLakeareex
perimentingwithsomeofthenewerinsecticidesformore
efficientcontrolOnedistrictMarinhasbuilttwonew
onemanoperatedmistblowersassprayrigsandthree
districtshavemadecopiesofthemfortheirownuse

Asforsourcereductionanddrainagepracticesallthe
abatementagenciesinthebayregionareemphasizing
andconstantlycarryingonthistypeofprogramOnedis
trictSolanohasaddedanotherthirteen13milesof
SoilConservationServicedrainageditchtooneareain
itscounty

ThebayareasMosquitoAbatementDistrictsmeet

CULEXTARSALIS
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frequentlyasmembersofaMutualAdmirationSociety
oratleastagroupsotermedbysomeofthedistrictsin
thebayregionTothisorganizationalloftheninebay
regionMADsaremembersThereisnopresident
vicepresidentorsecretarytothissocietyonlythere
gionalrepresentativewhoistheworkhorseofthegroup
Theoneandonlypolicyoftheorganizationistopromote
mutualcooperationonproblemsprojectsstudiesetc
dealingwithmosquitocontrolinthebayregionThis
societyfirstcameintobeingmanyyearsagowhencertain
Districtmanagersintheareawerecalledtogetherat
HaroldFGraysrequesttodiscussmosquitoproblemson
aregionallevelThereafterthebayareadistrictsthrough
theirsocietyhavecooperatedinconductingaFlight
RangeStudyonAedessquamigeranannualregional
trainingorschoolsessionandanannualregionalmeeting
ofmanagersentomologistsandforemenandhavefos
teredindividualcooperationinmosquitoproblemsbe
tweenneighboringdistrictsandthemselvesSoHarold
FGrayweinalloftheBayRegionsDistrictswishto
thankyouwholeheartedlyforthefoundingofoursociety
forthecooperationofourmosquitoabatementdistricts

SACRAMENTOVALLEYREGIONALREPORT

ERNESTELUSKAdministratorEntomologist
LosMolinosMosquitoAbatementDistrict

Inreviewingsomeofthereportsofpastyearscovering
mosquitocontrolinthevariousdistrictsoftheSacra
mentoValleytherearetwothingsthatarenoteworthy
eachyearOneisthateachyearisanunusualoneand
theotheristhatnoonehaseverconsideredtheyears
effortstobeafailureOnthecontraryalthoughweall
sufferoccasionalreverseswhenwemayhavealittle
troubleaccountingforourmosquitopopulationwegen
erallyenduptheyearwithafeelingofaccomplishment
Weknowthatwehavekilledafewmosquitoesandwe
hopethatwehavefoundopportunitytoinsurethatnext
yeartherewontbequiteasmanyplacesforthemtobreed
astherewereduringthepastseasonThisyearhasnot
proventobeanexceptiontothatrule

Allduerespectisgiventotheweatherconditionsas
theyprevailedduringthepastyearwhichmostofthe
districtsfeelwerepartiallyresponsibleforthesuccessof
thepastyearsoperationsHoweverwemustalsogive
credittothemenwhoareonthejobandtryingeachyear
todoabetterjobofcontrolNwtechniquesnewma
terialsandnewequipmentareemployedeachyearto
givebetterresults

AsanexampleBobPortmaninButteCountyand
DickSperbeckinSutterYubaDistrictreportthatthe
increaseduseandefficiencyofplanesprayingintheir
areascontributedgreatlytothesuccessoftheiropera
tions

ToeWillisinShastaCountyhasbeenusinganewCat
bulldozertofillinsomeofhisheavybreedingsourcesand
attributesmuchofLastseasonssuccesstotheelimination
oftheseheavilyproducingareas

Newtechniquesofcontrolofbreedingintheolivevats
intheCorningDistricthaveinsomecasesnearlyelim
inatedtheseformerlymajorsourcesofCulextarsalis

Ratherthantrytopresentanyofthedetailsofopera
tionsintheSacramentoValleyIwillpresentreportsfrom
thevariousdistrictsforinclusionintheProceedingsof
thismeeting

LOSMOLINOSMOSQUITOABATEMENT
DISTRICTAND

CORNINGMOSQUITOABATEMENTDISTRICT
SUMMARYOFACTIVITIES1954

ERNESTELUSK

Controloperationsinbothdistrictsprogressedsatis
factorilyduringthepastyear

Considerablylesstroublewasexperiencedfrommos
quitobreedingintheolivepackingplantsintheCorning
areaduringthepastyearascomparedwiththeprevious
seasonMuchofthecredithereisduetotheindustryin
thattheywereverycooperativeinexecutingmeasures
designedtoreducetheproblemOneplantadopteda
systemofcoveringtheiroutsidevatswhichcompletely
eliminatedanybreedingandreducedthedistrictsprob
lemtoaminoroneofperiodicinspectionandtreatment
ofdrainsfromthetanksChemicalcontrolasemployed
bytheotherplantsgaveverysatisfactoryresults

BoththeCorningDistrictandtheLosMolinosDistrict
arefortunateinbeinglocatedwithintheboundariesof
SoilConservationDistrictsExcellentcooperationbe
tweenthetwoagenciesisobtainedinthesourcereduction
andeliminativeprogramsDuringthepastyearseveral
cooperativeprojectsinvolvingtheSoilConservationand
MosquitoAbatementDistrictsandlandownershavebeen
completed

Larvicidingoperationswerecommencedduringthe
lastpartofFebruarybutwereonalimitedscaleonly
throughMarchScatteredinstancesofresistancetoin
secticideswereapparentlyencounteredDDTcontinued
tobeeffectiveintheCorningareaSomeresistanceto
DDTandToxaphanewasnotedintheLosMolinosdis
trictbutexcellentresultswereobtainedwithMalathion
althoughthelackofresidualactionwasnoticedAsmall
amountofDDTDieldringranulatedmaterialwasused
inseveralinstancesintheLosMolinosareawithsatis

factoryresultsonAedeslarvaeExcellentresultswereob
tainedwith245Tbrushkillerinkillingwildblackberries
alongseveralsloughsintheLosMolinosdistrict

Fourlighttrapswereoperatedinthetwodistrictsand
provideduswithagreatdealofinformationregarding
theadultmosquitooccurrenceintheirrespectiveareas
Althoughthetrapsarelocatedseveralmilesapartcharts
ofthecatchesobtainedfromeachareverysimilarshow
ingpeakpopulationsfortheseasonatnearlythesame
datesiethemiddleofJuly

Larvalsamplingmethodsarestillinneedofimprove
mentbuttheydidgiveusconsiderableinformationon
breedingintensityandreinfestationrates

SUTTERYUBAMOSQUITOABATEMENT
DISTRICTSUMMARYOFACTIVITIES 1954

THOMASMSPERBECKManager

Withduerespecttoweatherwehadourbestyearin
manyrespectsfewercomplaintsandmoresatisfactory
resultsForexampleourtotalnumberofcallsin1953
was967the1954totalwas278Inourhottestmonth
Julywehad120callsthisyearascontrastedwith368
theyearbeforeand41inSeptembercomparedwith242
thepreviousSeptember

Topartlyaccountforresultswehadmoresuccessthis
lastyearwiththeplaneparticularlyonpasturesbutwe
alsousedtheplaneforfloodwatercontrolforCulexand



AndesinrfieldsandformiscellaneousCulexsources
Becauseofeconomiclimitationswepickedoutonlycer
tainlargepasturesforairplanecontrolthechoicebased
onthesourcesproximitytocentersofpopulationorthe
degreeofaidinspeedingupcontrolbymeansofrelieving
anoperatorforamajorpartofhistime

Theplaneput193loadson9053acresatanaverage
costof110peracrebutcostsrangedfrom059to
568peracredependingupontheproblemTheapplica
tionratewasmodifiedastheseasonprogressedto3gal
lonsperacrewithaDDTDieldrincombinationthediel
drinratewasapproximately01poundperacre

1954ACTIVITYHIGHLIGHTS

BUTTECOUNTYMOSQUITOABATEMENT
DISTRICT

ROBERTFPORTMANManagerEntomologist

THEDISTRICThadagoodcontrolseasonduetothe
followingfactors

aIncreasedzonesofcontrol
bMoreefficientfieldcrews

cIncreasedlarvicidingandadulticidingbyplanespray
dIncreasedcooperationbyindividualsandagencies
eCoolerweatherhadsomegeneraleffectonthelength

ofthelifecyclesandtheintensityofbreeding
fResistancetoinsecticidesnotgeneralenoughtocon

stituteamajorproblem
THEFOLLOWINGDETERRENTStocontrolwere
encounteredduringtheyear

aAerosollingconditionsweregenerallyfairtopoorand
usuallyofshortduration

bGeneraloverallincreaseofprevalenceofCulextar
saliswithhightoveryhighinfestationsinafewrice
fields

cSpottedhighresistancetosomeinsecticides
dIncreaseofmarginallandsplantedtoladinopasture

withlittledrainageprovided
eWindsduringthefirstpartoftheseasonprevented

effectiveplanesprayingonsameoccasions
AEROSOLS

TheDistrictsstandardDDTaerosolformulationis
stilleffectiveundergoodtoexcellentaerosollingat
mosphericconditionsonAedesandCulexspeciesin
cludingCulextarsalisBenzenehexachlorideaerosol
formulationswerenotmuchmoreeffectivethanDDT
formulations

INSECTICIDES
aDDToilbasedlarvicidesarestilleffective
bDDTandRothanewateremulsionsarestilleffective

althoughingeneralarelesseffectivethanoilbased
sprays

cHeptachlorwateremulsionlarvicidesareeffective
onAedeslarvaewithlittleeffectonCulextarsalis
larvae

dDieldrinwateremulsionlarvicidesareveryeffective
onAedeslarvaebuthavelittleeffectonCulexlarvae

Severalinstancesofwhatappearedtobecomplete
resistancebyAedeslarvaewereencounteredinone
instancewhereDieldrinhadnotbeenusedbefore

eMalathionwasveryeffectiveonAedesandCulex
larvaealthoughitlackstheresidualeffectonDiel
drin

fBenzenehexachlorideformulationseffectivenessdid
notwarrantcontinueduse
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gLethane384continuedtobeaneffectivesupple
mentalinsecticidewhenusedinlarvicideandaerosol
formulations

hPlanesprayadulticideswereeffectiveinthefollow
ingorderDieldrinMalathionHeptachlorDDT

iRichfieldWeedKillerAwasaneffectivelarvicide

forbreedinginwaterscontainingahighamountof
organicmatteriesewageeffluentloggingponds
etcItwasaneffectivelarvicideandpupicideused
straightandslightlylesseffectiveasanemulsionIt
wasaneffectivegeneralherbicide
Insecticideimpregnatedgranulesaslarvicideswere
effectiveandusefulundercertaincircumstances
particularlyindensevegetation

MOSQUITOES
aCulextarsalishasbecomeoneofthemostprevalent

pestmosquitoesthroughouttheDistrictrivaling
otherseasonedspeciesIthassurpassedAnopheles
freeborniinsomericefieldsandwasfoundingreat
numbersinseveralInonericefielditsupplanted
Culexstigmatosomainthespringbuiltuptogreat
numbersandresistedintensivemeasurestocontrolit

bAedesnigromaculishasreplacedAedesdorsalisasthe
dominantpasturespeciesinthesouthernportionof
thecountyandisbecomingmoreprevalentinthe
northernportion

cAnophelesfreeborniwasnotasgenerallyprevalent
inthericefieldsasinformeryearsTheratherlight
infestationduringthesummerincreasedrapidlydur
ingtheearlyfallandbuiltuptoconsiderablenum
bersduetotheextendedricegrowingseason

dAedesvaripalpushatchedwiththefirstrainsin
OctoberandNovemberTheheavyrainfallinthe
fallhasbeenveryfavorablefortheirbreeding

eOrthopodomyiacalifornicaafewadultswerecaught
inaChicolighttrapinthewinteroneholeina
whiteoaknearBangorwasfoundtocontainlarge
numbersofthelarvae

fCulexerythrothoraxwasfoundinconsiderablenum
bersinafreshwaterwoodedsloughwherethe
adultswouldreadilybiteman

NOTESONMOSQUITOMEASUREMENT
METHODS

AdultsFourteenlighttraps
aGaveadailyandseasonalpictureofadultintensity

inareaswheretrapsarelocated
bIndicatedareasneedingadulticidingbeforeservice

requestswerereceived
cSampledspeciesintheareaswheretrapsarelocated

thusindicatingnearbysources
dDonotsampleenoughofthetotalarea
eArenotsatisfactoryinsamplingwintermosquito

populations
TwentysixAdultcollectingstations

aGaveweeklyandseasonaladultintensityinareas
nearstations

bMostaccurateinsamplingoverwinteringspecies
cProvidesyearbyyearintensityadultcomparisons
dDoesnotgivedailypictureofadultintensity
eCollectingandestimatingmethodsarenotaccurate
LarvaeFortyfivefixedlarvalstations
aGaveearlywarningsofbreedingrateincreases
bIndicatedthebreedingintensityofsomespeciesin

differenttypesofsourcehabitats
cIndicatedreinfestationrateofcertainspeciesindif

ferenttypesofsourcehabitats

J



dGaveonlygeneralindicationsofspeciesandbreeding
intensitiesbecauseofthesmallamountofarearep
resented

fSimilarsourceshavemanydifferences
gWeresetupprimarilyinplaceswhichwerepotential

breedingsitesforCulextarsalisandthusdidnot
measureorgiveanaccuratepictureoftheother
species

MOSQUITOCONTROLHIGHLIGHTSINTHE
SHASTAMOSQUITOABATEMENTDISTRICT

FOR1954

JDWILLISManager
ReddingCalifornia

Theyear1954wasveryunusualinmanywaysforthe
ShastaMosquitoAbatementDistrictDuringthepre
viousyear1953wehadagreatdealoftroublewiththe
tarsalismosquitoandseveralseriousoutbreaksofAedes
nigromaculisWehadexpectedthatwewouldhavethis
troubleagainin1954andattemptedtoplanourprogram
accordingly

Thelarvicidingseasonof1954hasnowpassedandwe
canseewhythisdidnotoccurAreasthatcreatedserious
outbreaksofAedesin1953werewatchedverycloselyas
theseasonprogressedin1954Wecoulddefinitelysee
whereoureliminativeanddrainageprogramwhichwas
startedinthefallof1953afterthepurchaseofaD4
Caterpillartractorandcarriedonthroughoutthewinter
into1954paiddividendsInmanyplacesseriousmos
quitobreedingareaswerecompletelyeliminatedandin
manyotherplacescuttoaminimumbypartiallyfillingor
openingofthedrains

Probablythemostimportantfactorhelpingusin1954
wastheunusualweatherconditionsthroughouttheyear
whichseemedtokeepthemosquitoesfromhavingabig
buildupatanyonetime

Itwasnecessarytostartlimitedlarvicidingactivities
alongwiththeroutinepremiseinspectionbythefirstof
FebruaryMostofthelarvicidingatthistimewason
eitherseptictanksoropenseptictankdrainsBytheend
ofFebruaryitwasnecessaryfortheoperatorstolarvicide
wheretheywerefindingCulisetalarvaeinlakesformedby
winterrainsInMarchwehadacompletereversalof
weatherconditionswithtwoinchesofsnowonthe15th
AlthoughinAprilwehadsomeveryhotweatherwith
temperaturesinthehigh90sconditionsthereafterre
mainednormaluntilmidsummer

AboutthemiddleofAugustwehadourmostunusual
weatherwith212inchesofrainThisseemedtocom
pletelybreakthemosquitobuildupinourDistrictOur
mostsevereannoyancein1953wasduringAugustwhen
wereceived58servicerequestsDuringAugustof1954
wereceivedonly16Therewasatotalof53servicere
questsin1954ascomparedto104servicerequestsin
1953

Asapartofoureliminativeprogramwhichwehave
mentionedpreviouslywehavebeenabletoworkintoa
mutualcooperativeprogramwiththeIrrigationDistrict
wherebyweuseourD4Caterpillarandtheyusetheir
draglineonthesameprojectsThisisaverysatisfactory
arrangementandwearehopingtoexpanditinfuture
yearsWearealsogettingclosercooperationfromthe
CountyRoadDepartmentwherebytheyarecleaning
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theirroaddrainswheretheseareapartofourmaster
drainagesystem

InAugustof1954wehadaveryseriousproblemcaused
byapondinoneofthelargerlumbermillsandfrom
August6toNovemberwespentover60000ontheone
pondaloneAftermeetingwiththeofficialsofthisfirm
theyhaveagreedtofurnishalllabortodolarvicidingon
theirpondinthefutureandtodowhateverweshould
recommendtocutdownthemosquitobreedinginthe
pond

Ourindividualindexsystemofcostoflaborandma
terialsoneachmosquitoproducingpropertyhasprobably
becomeourmostvaluableweapontoobtaincooperation
fromthelandownerMostofthemosquitoproducersdo
notrealizewhatithasbeencostingthemosquitoabate
mentdistrictforcontrolontheirproperty

Anotheradvancementinourdistrictwhichwillbeof

greathelpinthefuturetouswastheformationofa
completeCountyHealthDepartmentwhichhaspledged
todoeverythingtheycantoeliminatethemoreserious
problemscausedbyseptictanksinourdistrictBecauseof
poordrainageconditionsinthedistrictseptictanksor
theirdrainshavebeenaveryconsiderablesourceofCulex
tarsalisDuringthepastseasonitwasnecessarytolarvi
cide3486septictanksoropenseptictankdrains

ThefirstofMarchwestartedoperatingthreelight
trapswhichwereoperatedthroughOctoberIbelieve
thesearethefirstlighttrapseverusedinthisareaWe
havealwaysusedadultcollectionstationsforadultcol
lectionsinthepastTheuseoflighttrapshasconfirmed
ourfindingsofthepastfewyearsthatCulextarsalisisthe
mostprevelantmosquitointhedistrict68oftheadults
collectedin1953fromthecollectionstationswereC
tarsalis93oftheadultscollectedinthelighttrapsin
1954wereCtarsalis

SANJOAQUINVALLEYREGIONALREPORT

GORDONFSMITHTechnicalDirector
KernMosquitoAbatementDistrict

Isentoutabunchofletterstotheboysinthevalley
andhadexactlytworepliesIthinkthatourmajorprog
ressinthevalleythisyearcanbesummedupintwo
itemsfirsttheincreaseduseofthephosphateinsecticides
duetothemosquitoresistancetothewholechlorinated
hydrocarbonfamilyQuitealargenumberofdistrictsin
thevalleythisyearhavehadtouseitBecauseofthe
considerablefearsinthepastinusingthesematerials
thehighlytoxicphosphatesEPNMalathionandPara
thionaccountedforthegreatestphosphateuseinthe
ValleyOfcourseMalathionissafetousebutisquite
expensiveAnimpressiveamountofParathionconsider
ingtheonetotalinsecticideusewasappliedIhavenot
heardofanycaseofpoisoningthroughtheuseofPara
thionItisusefulbutproperprecautionsmustbead
heredto

ThesecondmajoradvancementinthevalleyIbelieve
isintheconsiderableincreaseinandefforttowardsource
reductionIthasbecomenotonlyadvisablebutabsolutely
necessarybecauseoftheinsecticidedifficultiesMuch
moreeffortisbeingputintothisworkthantherehasbeen
inthepast

ThesecondletterIgotwasfromMarvinKramerHe
hasdevelopedaveryinterestingpumptobedrivenoffa
jeeppickuptruckpowertakeoffsoIllletMarytell
youaboutit



SANJOAQUINVALLEYREGIONALREPORTS
THEBARLOWBOOSTERLOWLIFT

PORTABLESUBMERSIBLEPUMP

MARVINAKRAMERManager
TulareMosquitoAbatementDistrict

IntheTulareMosquitoAbatementDistrictwehad
foundalltoofrequentlythatthereweresituationsin
whichanexcessamountofwaterwasstandingandin
whichtherewouldbemultiplebenefitsresultingfromits
removalInmostofthesecasesthatremovalcouldbe
effectedbymeansofaportablepump

Inordertodemonstratethebenefitsthatwouldaccrue
fromremovalofthisexcesswatertheDistrictdecidedto
buyaportablepump

Weconsiderourselvesfortunateinhavinghadanew
ideainpumpsbroughttoourattentionbyitsinventor
ArtBarlowoftheTulareIrrigationDistrict

Thepumpisessentiallyalongmetaltube10inches
indiameterItishydraulicsubmersiblepropellerdriven
andcompletelyportableOursiscarriedonaWillys
pickupAnHydrecopumponthepowertakeoffofthe
pickupoperatesthepropellerinthepipebycirculating
oilthroughtwoneoprenehosesthatcarrytheoiltothe
propellerandthenbacktotheHydrecopump

The4wheeldrivepickupwilltakethepumpprac
ticallyanywhereWeplacetheendofthetubeintothe
watertobepumpedshiftthepowertakeoffintogear
setthemotoratslightlymorethanidlingspeedandthe
pumpkeepsasteady10inchstreamofwaterflowing

Thepumpwasdesignedoriginallyfortractorsand
hasbeenusedsuccessfullyonanumberofthemItis
beautifullyadaptableandrequiresonlythatthespecifi
cationsbecorrectforthetypeofvehiclethatwillpowerit

MrBarlowsaysthisaboutthepumpThepumpwas
designedwiththesefactorsinmindnamelyalowpriced
unitthatwouldbeextremelyportableeasilymaintained
flexiblypoweredandofcourseefficientinoperation

Todatethreesizedpumpshavebeenmanufactured
twelveinchteninchandeightinchAllhavedischarge
pipestwelvefeetinlengthThepumpsarepricedat

12inch 32500
10inch 30500
8inch 27500

Eachbearsathirtydayguarantee

Theunitsarelimitedindesigntoenabletwomento
carryandseteventhelargesizeThestraightdischarge
adaptsitselfverywelltolowliftsettingsandcanbe
easilyextendedforspecialpumpingjobsThefabricated
steelassemblytakestheshocksandbumpsofportable
handlingwithnoilleffectsandcanevenbepulledfree
ofthesettingbyavehicleafterajobiscompleted

Hydraulicpowerisasimpleefficientcouplingand
withaminimumofcaregivesmanyhoursoftroublefree
operationsThesubmersiblecharacteristicsofthisunique
pumpeliminatespracticallyallshaftingshaftbushings
stuffingboxesuniversaljointsetcfoundinthecontro
vernalportablepumps

Hydraulichosesaretheonlyconnectionbetweenthe
pumpandthepowerunitwhichmakespositioningthe
unitasnapunderpracticallyanyconditions

Whensuppliedwiththerecommendedvolumeofoil
atproperpressureeachsizeofpumpgivesgoodaccount
ofitselfingallonsofwaterdeliveredAtaverageheads
thetwelveinchpumpwillliftupto3500gallonsper
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minutetheteninchunitupto2000andtheeightinch
upto1600gallons

BelieveitornotIhavenomonetaryinterestinthese
pumpsandIwillreceivenocommissionorotherbenefit

fromtheirsaleImjustpassingalongtheinformation
becausethepumphasworkedsowellforusandIfelt
youmightbeinterested

MrKimballThankyouMrKramerandMrSmith
1thinkthereasonthethreeconfrerateregionsinCali
forniaaresoembarrassedtotalkmorethan3minutesin

thisSouthernCaliforniameetingplaceprobablygoesback
tothelastmeetinginBerkeleyalltheblabbermouths
uptheretookupallthetimesothatourregionalrepre
sentativewasreducedtogivehisreportbypresentingthe
addressesdownhereasPOBox87etcifyouwillre
memberNormEhmannsstatementSinceitisnowonly
1005wehaveuntil1050IdliketocallonMrMcFar

landManagerofSoutheastMosquitoAbatementDistrict
topresentalongdissertationonourSouthernCalifornia
operationsMacyouhave45minuteslaughter

MrMcFarlandIthinkweshouldhaveanhourand
35minutesforyouwillrememberfromlastyearthesouth
wasgiven35secondsWedontevenneed35minutes
actually

SOUTHERNCALIFORNIAREGIONALREPORTS
SUMMARYOFACTIVITIESOFTHE

SOUTHEASTMOSQUITOABATEMENT
DISTRICT1954

GARDNERCMCFARLANDManager

TheactivitiesofthisrelativelynewDistrictinitsthird
yeararebecomingmoreroutineThesourcereduction
programoftheDistrictiswellorganizedandcoordinated
withtheactivitiesofothercloselyrelatedagenciesThe
CorpsofEngineersFloodControlandvariousother
agencieshavecooperatedcloselywiththeDistricttothe
endthatmosquitosourcescausedbythoseagencieshave
beenmuchreduced

Verycloseworkingarrangementshavebeenmadewith
adjoininggroupssuchastheOrangeCountyMosquito
AbatementDistricttheAgriculturalCommissionersand
OrangeCountyFloodControlsothatmutualproblemsof
mosquitobreedinghavebeensatisfactorilysolved

TheDistricttookalongstepinthepublicinformation
fieldbyproducinganinformationpamphlettobedis
tributedtointerestedgroupsandcitizensoftheDistrict
Itisfeltthatthispamphletwillhelpimmeasurablyinin
formingthepublicandingainingtheircontinuedand
improvedcooperation

Asistrueofalldistrictsinthesouthernregionand
othermosquitoabatementgroupstheemphasishasbeen
insourcereductionandinreductionofsourcesbythe
individualsresponsibleInthisrespectthedairyindustry
over400dairieshasbeenverysuccessfulintheabate
mentofmasssourcesofbreedingClosecoordinationhas
beeneffectedwithplanningcommissionstotheendthat
subdivisionactivitycanbecarriedoutwithoutthecrea
tionofinnumerablenewbreedingsources



SUMMARYOFACTIVITIESFOR1954OFTHE
BALLONACREEKMOSQUITOABATEMENT

DISTRICT

NORMANFHAURETManager

TheactivitiesoftheDistrictfortheyear1954have
beenintheexecutionofalongrangeprogramTheem
phasisintheprogramhasbeenplaceduponSource
Reductionthroughtheconstructionandmaintenanceof
dykesandditchesandinstallingnewtidegatesandre
pairingoldones

Forthefirsttimeinmanyyearsmosquitobreedingwas
encounteredinwatermeterboxesTheseboxeswere

sprayedwithoilandDDTwhichprovedtobeeffective
butwastimeconsuming

TheDistricthascontinuedtoencourageindustryto
controlthosesourcesofmosquitobreedingwhichthey
createOftenthecontrolmeasuresusedbyindustryare
thosesuggestedbytheDistrict

Whereothergovernmentalagencieshaveresponsibili
tiesthataidinmosquitocontroleveryeffortismadeto
havethatagencyfulfillthoseresponsibilities
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SUMMARYOFACTIVITIES

COACHELLAVALLEYMOSQUITO
ABATEMENTDISTRICT

ROBERTEWINTERManager

CoachellaValleyDistricthasnomosquitoproblems
justmanproblemsAndsincemanisintheValleytostay
andimmigratingratherrapidlyourproblemsarehereto
stay

Cropsvaluedatmorethan24000000dollarswere
harvestedfromagriculturallandsinCoachellaValley
thislastyearandarecentsurveyshows54109acresunder
cultivationWithover30000oftheseacresplantedto
fieldcropswastetailorrunoffwaterasyouwishis
thebiggestproblemwehaveWaterischeapsothefirst
economyafarmerorranchereffectsinabadyearisto
layoffhisirrigatorThustheborrowditchesgetfilledand
dontdrainthetulesandsaltcedargrowprolifically
andtheCoachellaValleyDistrictgoestoworktocontrol
themosquitoes

MyassociationwiththisDistrictbeganJuly11954as
ManagerByJuly15thIwasinaditchinthemiddleofa
90acreswamphelpingtoplantselfpropagatingditching
dynamitesticks12inchesapartforonemileThisswamp
wasmanmadeabouttwoyearsbeforeandhadbeenone
ofourmajorsourcesofbothPsorophoraandCulextar
salismosquitoesTreatmentoftheareawasvirtuallyim
possibleevenbyplanebecauseofthedensegrowthof
tulessaltcedarandmesquiteThedynamitedidthejob
Inthreeweekstheswamphaddrainedandtheditchwas
carryingoffthewastewaterintotheWaterDistrictwaste
waycanaltotheSaltonSeaWhensoilsamplesshowed
dryenoughtoriskagradertheCountyRoadDepartment
scrapedanaccessroadbesidetheditchandwecannow
maintainitatminimumexpense

ThermalAirportsewagedisposalsystemwasaclose
secondontheheadachelistThisairportwasatraining
stationfortheAirCorpsduringthewarandhundreds
ofrecruitslivedthereAnImhoffTanktheoreticallytook
careofthesewagewithpondshandlingtheoverflow
WiththewarendedtheAirCorpsmovedoutandthe
ImhofftankgraduallyquitfunctioningThepondsbe

cameovergrownwithassortedweedsHowevertheair
portstilloperatedandfedthelinesasdidtheElementary
SchoolandagrapepackingshedThelinesleakedallover
thedesertandwehadmoremosquitosourcesPersistence
saddleburrundertheblankettyperesultedinthe
CountyAirportCommissionauthorizingconstructionofa
septictankworktostartnextweek

Theinstallationoffloatvalvesinwatertroughsindate
gardenswherecattlearebeingkepthasminimizedan
otherofoursourcesNoonegardenamajorproblembut
collectivelyimpressive

ThecappingofeightartesianwellsmainlyintheSal
tonSeaareawhichpreviouslyranuncheckedeliminated
anotherofourtimeconsumingsources

Anotherareacovering6milesofborrowditchesonboth
sidesofCountyroadswasdriedupforthefirsttimein
sixyearsthroughcooperationofthefarmersthusper
mittingtheRoadDepartmentsheavyequipmenttoget
inandcleanandimprovetheseditcheswheresomeofour
bestspecimenswerecollected

Theotherhalfofouractivitiesinvolvesattemptsto
controltheeyegnatresponsiblefortheIndiosalute
LarvicidingwithAldrinsprayatratesof2poundsper
acreforrowcropsand3poundsperacrefordatesand
citrusismorethanpromisingasaneffectivecontrolfor
atwoyearperiodWedontknowyetwhetherornot
lowerconcentrationsmaybeusedaseffectivelyOur
laboratorystaffisconductingmicrobioassayexperiments
todeterminethelethaldosagerequiredThroughthe
courtesyoftheUniversityofCaliforniaatRiverside
someoftheirequipmentisbeingutilizedforthepresent

Chemicalanalysisofsoilsamplesisbeingperformedby
ShellOilinDenverasadesirableadjuncttothebio
assay

Experimentationinmethodsforraisinggnatsisan
otherfacetofourresearchprogram

Thisyearmorethan5000acreswillbetreatedwith
AldrinInaddition38experimentalplotson10different
rancheswillbetreatedwithAldrinandHeptachlorin
amountsfrom1to4poundsperacreArochlorwillalso
beusedincombinationwithAldrintodeterminetheabil
ityofthisextendertoprolongtheeffectivenessofthis
chemical

MOSQUITOCONTROLACTIVITIESOFTHE
LOSANGELESHEALTHDEPARTMENT

FORTHEYEAR1954

JOHNRUDDOCKEntomologist
EARLEWDUCLUSSupervisorofFieldOperations

Duringtheyear1954thecityofLosAngeleswasdi
videdintofiveseparatezonesofwhicheachzonewas
treatedbyavehicleequippedwitha60gallonEssick
sprayerandamotorcycleequippedwithatwentygallon
Essicksprayerforthepurposeoftreatinginaccessible
areaswhichcouldnotbereachedandtreatedbylarger
vehiclesandforsprayinggutterwaterwhichisthemain
sourceofmosquitoesinLosAngelescity

Therewere75000mosquitofishGambusiaaffinis
plantedinvariousareasthroughoutthecitysuchas
sloughslakescreeksetcplusapproximately17000
mosquitofishwhichweredistributedtothepublicfor
useinprivatepoolsandpondsforthecontrolofmosquito
larvae

Throughthemediumofradioandtelevisionandby
distributingsome2000pamphletspeopleinsomeareas



avebecomemoremosquitoconsciousandhavehelped
flayourmosquitoproblemsgreatly
Duringthecurrentyearwehavereceivedapproxi

matelyninehundredmosquitocomplaintsfromprivate
citizensIfthehabitatisonprivatepropertythepeople
concernedareeducatedastohowtoeliminateorcontrol
theproblemTheareassprayedonpublicpropertyare
treatedwitha5DDTora5DDDwateremulsion
Dieseloilwasalsoanothereffectivelarvicide

Breedingproblemswhichcouldnotbeeliminatedby
strayingwerereferredtotheSanitaryEngineeringDe
partmenttoothercitydepartmentsandtogovernment
agenciesforfurtherconsideration

Inthecitywehaveapproximatelythreehundredpri
vatehabitatshabitatsnotonpublicpropertyfivehun
dredandfiftyactivehabitatsninetyfivehabitatswhere
larvaearecontrolledbyfishandonehundredandfifty
habitatsinunimprovedhousingtractsCountingalltypes
ofhabitatsthecityhasapproximately1125breeding
sitesThisyeartherehasbeenasteadyincreaseinthe
numberofnewtractsinthecitywhichcausenewhabitats
duetothegradingandfillingofcertainareas

ThreelighttrapswererunfromApriltoOctoberin
theSanFernandoValleyandinconjunctionwiththis
adultcollectionsofCulextarsalismosquitoesweremade
andsenttothelaboratorytodeterminewhetherornot
theEncephalitisvirusispresent

In1954approximately13000000squarefeetofgutter
waterswampsditchesetcweretreatedusingfivehun
dredgallonsDieseloil4000gallonsof5DDTandtwo
hundredgalons5DDD

1954HIGHLIGHTSOFTHE

ORANGECOUNTYMOSQUITOABATEMENT
DISTRICT

JACKHKIMBALLDistrictManager

Policyandproceduresontheabatementofmosquito
breedingsourcesformulatedoverthepastseveralyears
werecrystallizedduring1954bywrittennotificationto
personsresponsiblefor20majorsourcesandbyformal
actionagainstonelargedairyfarmoperatorAhearing
bytheBoardofTrusteeswasfollowedbyawarning
fromtheDistrictAttorneysOfficethatlegalactionwill
betakenifthenuisanceisallowedtoreoccurRespon
sibilityisplaceddirectlyonthepropertyowner

Anunprecedentedmosquitoannoyancepersistedfor
severalmonthswithintheCitiesofSantaAnaandTustin
70000populationastheresultofamassmigrationof
Culexspeciesfroma500acresourcelocatedsomethree
tofivemilesfromtheresidentialareasThesourcewas

createdbythetreatmentofsugarwastewaterbyitsuse
forraisingfeedonduckclubsandbyitsdisposalonfur
rowedground

Animportantmosquitocontrolproblemhasrapidly
developedwithintheCountybytheconstructionofover
1000subdivisionswithintheCountyduring1954Many
smallbreedingsourceshavebeencreatedbyinstallation
ofopendrainagechannelsineasementsparallelingback
yardpropertylines

Apotentialbutinterestingproblemisinthemakingfor
1955withtherapidcompletionofDisneylandwithits
milesofwaterwaysAssistanceonmosquitocontrolal
readyhasbeenrequestedbyDisneylandAdministrators
andareviewoftheaquaticgrowthandfishlifeplanned
forthisartificialwonderlandisunderway
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MOSQUITOSOURCEREDUCTIONPROGRAMS
INSOUTHERNCALIFORNIAIN1954

ARTHURLEEEntomologist
SanDiegoDepartmentofPublicHealth

SanDiegoCountyis4258squaremilesinareaof
which814inthewestareunderroutinesupervisionand
controlThissectioncontainsarapidlyexpandingport
navalfacilitiessaltmarshesandsloughscommunities
almostcontinuousfromthenorthernborderofTijuanain
BajaCaliforniadairiestruckgardensandorchards

Forpurposesofcontrolthisareahasbeendivided
intofoursectionseachroughlyofasizethatcanbe
handledbyonevehicle1SanDiegoCityproper2
thesoutherntotheborder3thenorthcoastand4
thenortheasternOnevehiclethatcoveringthenorth
coastwithitsmanysloughshaspowerequipmentthe
otherareasarecoveredwithhandequipmentroutinely
Inadditionaflatbottomedboatwithoutboardmotoris
fittedtotakethepowerequipmentinordertopenetrate
thesloughsWhenthewaterrecedessothatitisnolonger
possibletousetheboatasmallcaterpillartractorfitted
withwoodencleatstodoublethewidthofthetracts
receivesthepowerequipmentIfothersectionsrequire
assistanceanyofthepowerequipmentmaybeshifted
intothatarea

Controlmeasurescanbedividedintotwomainphases
seasonalandyeararoundthefirstfurthersubdividedinto
1rainwaterand2irrigationproblemsthesecond
into1dairyandplantwastes2septicsewagerun
offand3tidal

Rainwaterproblemsareusuallyreadilyhandledby
extensivedistributionofGambusiabutinthenorthcoast
sectiontherainrunoffgathersinthesloughswhich
withtheirabundantvegetationofpickleweedandtules
arerelativelyinaccessibletofishanddifficulttospray
Assummerprogressesmuchofthisimprovesbutthe
additionofsewageeffluenttooneorfloodingforahunt
ingpreserveinanotherpreventcompletedryingandkeep
smallfociavailableforrapidmosquitodevelopmentand
spreadinthespring

Astheeffectoftherainsvanishesirrigationbecomesa
problemExcessivewateringoflawnswithitsaccom
panyingwastecreatesaneedforroutinesprayingof
sumpsinthemetropolitanareaalthoughinactualprac
ticeonlySanDiegoproperandCoronadoreceivethis
serviceWiththerapidgrowthofmetropolitanSanDiego
manynewtractsarebeingincorporatedwithintheolder
communitiesManyofthesehousingdevelopmentshave
encroachedonlandpreviouslyusedfortruckgardening
andevensurroundsomesuchfarmlandsThishasoften
upsetthenaturaldrainageandcreatednewproblems
Wherethewaterhasnotacquiredharmfulsaltsfrom
leachingasumppumparrangementsatisfactorilyutil
izesthewastewaterbutthisprocesshasonlyLimiteduse
inthecounty

Similarlythedairywastesmaybeutilizedforperma
nentpasturetherebyofteneliminatingtheirnuisanceas
asourceofmosquitobreedingEducationalprogramsare
quiteeffectivewiththedairymenasitcanbereadily
shownthatheisnotonlyabatinganuisanceandthereby
creatinggoodwillwithhisneighborsbutthatheisaiding
himselfeconomicallyincreatinggoodpastureandincreas
inghismilkoutputbyreducingtheannoyancetohiscows

AsaHealthDepartmentwelackanordinancewhereby
wecanforceapropertyownertocorrectaconditionor
elsewecanmoveinandbillhimfortheserviceasIun
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derstandcanbedonebytheMADsWehaveonlyan
ordinancegoverningtheabatementofanuisancewhich
isdifficulttoenforceHowevercorrectioneffected
throughpersuasionoftenpaysdividendsinthelongrun
sincethereisnoresentmentonthepartoftheowner
whichoftenariseswhereforcehasbeenappliedandthere
isfrequentlyacarryoversothatfutureconditionsmaybe
correctedoravoidedwithoutanyeffortonourpart

Thecorrectionofseptictankoverflowisinthesetting
upofnewsewagedisposalsystemsorannexationtothose
alreadyexistingWhenthegroundisnolongerableto
absorbthewasteofnewhousingtheareaissufficiently
populousforothermeansofdisposalUnfortunatelythis
oftenmeansnewproblemsastheexistingsystemstowhich
theyunitearefrequentlyalreadyoverloaded

Anattemptwasmadetocontrolthebreedinginthe
aerationpondattheLomaAltasewageplantOceanside
bytheuseofasubstancenotharmfultotheyellowgreen
algaeusedtooxygenatethewaterwhichisaddedtothe
rawsewagetoreduceitsodorAwettingagentOronite
D40wasobtainedthroughthecourtesyofBraunand
theareawassprayedatdifferentconcentrationsupto10
lbsperacreatwhichconcentrationwewereusing20
lbsAt165centsapoundthecostforthewetting
agentalonewouldbe330pertreatmentifsuccessful
Sincethequantityoflindanerequiredtokeepthemos
quitoessuppressedcostslessthan250itwasfeltthat

itwouldnotbepracticabletousethewettingagentin
quantitiesbeyondthisfigureTheonlyobservedresult
fromtheapplicationinconcentrationsrangingfromone
poundtotenpoundsperacrewasaninstabilityandloss
ofequilibriumamongthepupaealmostimmediatelyafter
sprayingwithallconcentrationsbutlittleeffectonthe
larvaewasobserveduptothreeorfourdaysfollowing
eachtreatment

Ofinteresttotheentomologistsmaybetheapparent
widerdistributionofCulextarsalisthroughoutthecounty
thaninpastyearsanditsseemingchangeinbreeding
sitesinthatwhileitstillappearstopreferfresherwater
thanCstigmatosomaoftenitwasfoundinpureculture
insewageeffluentandsepticrunoff

Fromthisrelativelybriefsurveyofthesourcereduction
programinSanDiegoweinSouthernCaliforniacansee
whereinliesacommunityofinterestandcommonsolu
tionstoourproblemsaswellastheindividualvariance
ofemphasisnecessitatedbylocalconsiderationsThe
pointswehaveincommonaresomuchgreaterthan
thesevariancesthatiftherewerenoassociationsuchas
meetsheretodayitwouldbeimperativethatonebe
organizedforthefreeexchangeofideasandpastexperi
enceItisinthisutilizationofproventheoriesandback
logofexperiencethattheassociationprovesitselfeco
nomicallysoundandworthyofthefullestsupportbyall
membersofourcommunities


