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ArthurFGeib
1911 1974

Manager
KernMosquitoAbatementDistrict

ArthurFGeibwellknownamonghisassociatesforhis
patronageofresearchanddevelopmentandforhisintense
interestinallaspectsofmosquitocontrolhereexamines
theantiquecustomizedbrassmicroscopewhichwasused
byJohnBSmithofNewJerseyinhisworldrenowned
researchwithmosquitoesfrom19001910

ArtwasborninRiversideCaliforniaonFebruary24
1911HisschoolswereRiversideHighSchoolRiverside
JuniorCollegeUniversityofCaliforniaCollegeofAgricul
tureatDavisSchoolofPublicHealthatBerkeleyandUni
versityofArizonaatTucson

HisexperienceincludedserviceasaSanitarianinSan
LuisObispoKernTulareandRiversideCountiesandfor
theStateHealthDepartmentinTulareCountyDuring
WorldWarIIhesupervisedmosquitocontrolaboutmilitary
establishmentsasanagentoftheUSPHSandfortheCali
forniaStateDepartmentofPublicHealth

HebecamemanageroftheKernMosquitoAbatement
Districtin1945servedfor27yearsexceptfora112year
leaveandashortleavetoengageinresearchforthecontrol
ofthemosquitoesinvolvedinthetransmissionoffilariasis
elephantiasisinPagoPagoSamoa

ThroughouthislongservicetotheKernDistricthewas
notedforprogressivemechanicaldevelopmentsincluding
bothaircraftandgroundinsecticideapplicationequipment
andtheefficientuseofchemicals

Alwaysactiveinthecommitteeworkofmanyorganiza
tionshewasPresidentofCMCAin1947andofAMCAin
1962HeservedvariouslyasamemberoftheBiological
andAgriculturalAdvisoryCommitteeoftheUniversityof
CaliforniatheVectorAdvisoryCommitteeoftheState
DepartmentofPublicHealththeComprehensiveHealth
PlanningAssociationofKernCountyandofRotary

HemarriedMargueriteMcHenryinRiversideonOctober
141939TheyhadtwochildrenDouglasandJoAnn
bothofBakersfield

HediedsuddenlyonFebruary161974afterhavingan
nouncedplansforretirement
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EdwardDDavis

FresnoMosquitoAbatementDistrict
Managerto1974

EdwardDDaviswasbornonOctober81908in
RoanokeVirginiabutcametoliveinRedlandsCalifornia
whenhewasonlythreeyearsoldAfterfinishinghigh
schoolheattendedSanBernardinoJuniorCollegein1927
and1928goingontoUniversityofCaliforniaDavisasan
Aggie majoringinhorticulturewithaminorinento
mologyHecompletedhistrainingin1932thenworkedas
aspecialistforCalSprayCorporationinSouthernCalifornia
andintheSanJoaquinValleyforseveralyearsthenin
1946becamethefirstmanageroftheConsolidatedMos
quitoAbatementDistrictOnJanuary11949hemoved
toFresnotomanagetheFresnoMosquitoAbatementDis
trictstayinguntilhisretirementinMarchof1974

MrDavisandhiswifeCharlotteliveinFresnoandoften

spendweekendsinCarmelPalmSpringsorotherresorts
Edhasalwayslovedtheoutofdoorssportstraveland
peopleInreturnhewasalwaysapopulardelegateatthe
CMCAAMCAandothermeetingsamongoperational
technicalandresearchpeoplewherehisheartylaughand
colorfulexpressionsoftenhighlightedthediscussions

InretirementEdspendsmuchofthetimeontheDavis
vineyardsintheCaruthersareaofFresnoCountywhich
arelargelydevotedtoproducinggrapesforraisinsbutstill
somehowmanagestofindtimetopursuehishobbies

JackHKimball

OrangeCountyMosquitoAbatementDistrict
Managerto1974

JackHKimballservedasthefirstandonlymanagerof
theOrangeCountyMosquitoAbatementDistrictfor26
yearsfromOctober201947tohisretirementonMarch
291974

BorninBurlingamein1913graduatedfromBurlingame
HighSchoolin1930hemajoredinSanitaryEngineering
andwasgrantedaBSDegreeinCivilEngineeringin1935
bytheUniversityofCaliforniaBerkeleyWhiletherehe
methiswifeFloraTheynowliveinNewportBeachand
haveadaughterNancyinSalinasandtwosonsBillin
BerkeleyandJiminSanFrancisco

HewasPresidentoftheCMCAin1950andwasChair

manoftheLocalArrangementsCommitteesforthejoint
AMCACMCAMeetingsatDisneylandin1961and1974
JackservedontheBoardofDirectorsofCMCAasRepre
sentativeoftheSouthernCaliforniaRegionin19571960
1965and1973Routinelyhewasanactivememberof
manyCMCACommittees

Retirementfindshimlivingthegraciouslifeinabeauti
fulhomeinFabulousOrangeCounty busilyindulging
inhishobbiesoffishingbirdwatchinggardeninganden
tertainingwithnolesseningofhisinterestinmosquito
controlalthoughfreedofthearduousdaytodaytasks
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DennisRamke

TulareMosquitoAbatementDistrict
Managerto1973

DennisRamkestartedmosquitocontrolworkattheage
of19whenhejoinedtheTulareMosquitoAbatementDis
trictasaLaborerBecauseofhisnaturalabilitiesandintelli

gentapproachtotheproblemsoftheDistrictheworked
hiswayuptoOperatorin1948DivisionForemanin1950
GeneralForemanin1951SourceReductionSpecialistand
AssistantManagerin1955andManagerin1961

DennyworkedvigorouslyinCMCAactivitiestwice
hostingEquipmentShowsservingasRepresentativeofthe
SouthernSanJoaquinValleyRegionin1967and1968and
hewaselectedVicePresidentandConferenceProgram
Chairmanin1973

Dennywasactiveinhuntingandfishingwhichhobbies
gavehisbodyachancetorecuperatefromthetrialsand
frustrationsoffightingmosquitoproblemsHeretiredfrom
theDistrictinDecember1973

WilliamLRusconi

NapaMosquitoAbatementDistrict
Managerto1973

WilliamLRusconiwasborninCaliforniaNovember29
1910andspentmostofhislifeinNapaValleyDuring
WorldWarIIhewasemployedattheMareIslandNaval
ShipyardandjoinedtheNapaMosquitoAbatementDistrict
in1947becomingmanagerin1950HeretiredonDecem
ber281973afterhavingprovidedexcellentmosquito
controlthroughouttheDistrict

BillservedontheBoardofDirectorsofCMCAasRepre
sentativefortheCoastalRegionin1960asVicePresident
in1963PresidentElectin1964Presidentin1965Past
Presidentin1966andagainasRepresentativeforthe
CoastalRegionin1970and1972

Inhisretirementhefinallyhastimetoindulgeinhis
hobbiesoffishingandhuntingHiswifeMaryanequally
pleasantpersonattendsmostoftheCMCAmeetings
withhimandisconsideredanunofficialmemberand

agreatfavoriteamongtheotherladieswhoattendthe
socialfunctionsTheyhavethreegrownchildrenall
marriedVickiShirleyandMaryFrancesBillandMary
willcontinuetoliveinNapa
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JohnRWaples

OrangeCountyMosquitoAbatementDistrict
PostOfficeBox87SantaAnaCalifornia92702

OrangeCountywillbecelebratingitseightyfifthbirth
daythisMarchThecountyencompasses782squaremiles
hasanaltituderangefrom0toover5000feetandhas42
milesofbeautifulPacificOceanshorelineIthasanaverage
yearlyrainfallofabout12inchesandayearlymeantem
peratureinthe60Frange

In1947theprincipalindustrywasagricultureThere
wereapproximately350poultryranches200dairiesand
citrusgrowingwasthenumberonemonetarycropThe
countyproducedonethirdofthelimabeansintheworld
Sincethetremendouspopulationexplosioncommencingin
theearlyfiftiesagriculturehasgivenwaytohomesand
otherindustriesOnenowhastoknowwheretolookor

youwillnotseeanorangegrovealimabeanfieldapoul
tryranchoradairyOtherfoodcropssuchascelery
carrotslettuceandtheexoticstrawberryarebeingpro
ducedbutindiminishedacreageTouristattractionssuch
asDisneylandKnottsBerryFarmLionCountySafariand
thealluringPacificOceanareattractingvisitorsinthe
millions

WhentheOrangeCountyMosquitoAbatementDistrict
wasformedin1947therewere11citiesthatjoinedthe
DistrictNowall26citiesareintheDistrictanincreaseof
127 Thepopulationwasapproximately200000persons
Nowthereareover1600000personsanincreaseof6007
TheassessedvaluationoftheCountywas5352000000
Nowthevalueisapproximately4250000000anin
creaseof800 Thepermanentbudgetedpositionstocarry
outtheDistrictfunctionsin1947were13Thepresent
budgetedpositionsare21anincreaseof54 Theservice

requestshaveincreased1130
1rememberwhenthepropertyweareassembledonto

daywasanorangegroveIrememberwhentherewere
200000personsinOrangeCountyandtherewereprobably
thatmanymosquitoesperpersonIrememberwhenthere
sponsibilityformosquitocontrolwaschargedtotheOrange
CountyHealthDepartmentandthebudgetconsistedofa
parttimemanahandsprayerandadrumortwoofdiesel
oil

IrememberwhenRichardFPetersatthattimethe
MosquitoControlSpecialistBureauofVectorControl
CaliforniaStateDepartmentofPublicHealthmadeasur

1

February24271974

veyofOrangeCountyrelativetotheformationofamos
quitoabatementdistrictandwroteareportonthatsurvey
Iproposetoquotesomeofthefindingsofthatsurveyand
makepersonalobservationsabouteachone

MosquitoesinOrangeCountyinthepasthavecon
stitutedanimportantbarriertothefullenjoymentof
undisturbedliving

PriortotheDistrictformationtheunscreenedoutdoor

patiolivingwasnonexistentNowthattypeoflivingis
takenforgrantedAnyonenotexperiencingthoseearly
daysprobablyquestionsiftherewasreallyeveramosquito
problem

Thebenefitstobederivedfromorganizedmosquito
controlarenumeroustouchinguponeverypartand
parcelofactivitythroughouttheCountyThebene
fitsareasimportanttotheagriculturalistastothe
publichealthandtothepubliccomfort

AlthoughOrangeCountysagriculturecommunityhas
diminishedothercommercialactivitieshaveincreasedCan

youvisualize50000personsatDisneylandonabeautiful
summereveningallbattlingmosquitoes

ThecostofaMosquitoAbatementDistrictisrela
tivelylittleinviewofthereliefobtainedTheindivid
ualcostperpersonperyearwouldbelessthanone
admissiontothelocalCinema

Thisobservationisprobablytheunderstatementofthesur
veyHaveyoueverstoodinlineablocklongtobuya
ticketatthelocalmoviehouseandheardanyonecomplain
aboutpayingaminimumoftwodollarsperpersonper
ticket

ACountywidemosquitoabatementdistrictfor
OrangeCountyissoundanddesireableItsformation
wouldrepresentaworthyinvestmentinthefutureof
theCounty

CanyouimaginethesunnybeachesDisneylandKnotts
BerryFarmLionCountrySafariCaliforniaAngelsetc



becomingalargepartofOrangeCountyseconomywithout
organizedmosquitocontrol

IrememberafterthesurveybyRichardFPetersthat
thethenOrangeCountyHealthOfficerEdwardLee
RussellMDretiredprovidedadministrativeandmoral
supportfortheDistrictformation

Irememberallthemanyhoursofworkbothmentaland
physicalperformedbythelateEEFrisbyatthattime
DirectorofEnvironmentalSanitationOrangeCounty
HealthDepartmenttowardgettingtheDistrictapprovedby
OrangeCountycitizensMrFrisbybecametheCharter
PresidentoftheBoardofTrusteesandheldthatofficeuntil
hisdeathin1963

IrememberthedayMrFrisbyandMrBillObarr
CharterMemberandstillrtmemberoftheBoardofTrus
teesrepresentingthecityofSantaAnasignedapersonal
notewhichprovidedthefundsfortheDistrictsfirstyearof
operation

1rememberthataftersigningthenoteMrFrisbysaid
NowifIcangetthemantomanagetheDistrictthatI
knowwilldothejobmyworkwillnothavebeeninvain
ThatmanwasandisJackHKimballtheoriginalandonly
ManageroftheOrangeCountyMosquitoAbatementDis
trict

OURCHANGINGSCENE

HDJackson

AmericanAirlines

FortWorthTexas

InTheNowTheMosquitoisstillapotentialnuisance
inOrangeCountyTheDistricthasa25yearplanadopted
5yearsagoTheDistrictiswellstaffedadministratively
technicallyandprofessionally

ThemembersoftheDistrictsBoardofTrusteesarean

intelligentpositivethinkingpeopleorientedgroup
Nottoomanymonthsfromnowitappearsthatallvec

torcontrolinOrangeCountywillbetheresponsibilityof
theDistrict

InSummaryThepast28yearsOrangeCountyhasbeen
blessedwithanefficientprogressivepositivethinkingad
ministrationoftheMosquitoAbatementDistrict

JackKimballIamsurewouldsayitwasbecauseofthe
DistrictsBoardofTrustees

HavinghadknowledgeoftheDistrictsinceitsinception
andbeenamemberoftheBoardofTrusteesfor11years
IcanhonestlysayithasbeenbecauseofJackandhisex
cellentstaff

IsincerelyhopethatthecitizensofOrangeCounty
affectedbybothManagementandTrusteecooperationwill
saywehavebeenagoodteam

Finally1willsaytherearepenaltiesfordoinganexcel
lentjobthatisifthereisnomosquitoannoyancewho
needsamosquitoabatementdistrict

Thiskeynotetalkwasaninspirationalhumorousandinformativepresentationstressingtheconceptsofinnovation
andcommunication



THEPREDDTERAOFMOSQUITOCONTROLINTHEUNITEDSTATES

KennethLKnightPhD
NorthCarolinaStateUniversity

DepartmentofEntomologyRaleighNorthCarolina27607

Pestmanagementasaphilosophyofcontrolembracing
totalintegrationspatiallyandtemporallyofapplicablepop
ulationregulatingmechanismsinaneconomicallyanden
vironmentallysoundmannerhaswideacceptancetoday
Useoftheindividualelementsofapestmanagementpro
gramisnotnewWhatisrecentistheeffortthroughpopu
lationmonitoringtechniquescomputortechnologyand
systemsmodelingtoapplytheseelementsinacomple
mentarymanner

Fromitsbeginningattheturnofthecenturythecon
trolofmosquitoesappearstohavebeensomewhatmore
advancedthanthatofotherinsectsPossiblythisistrue
becausegoodmosquitocontrolrequiresanareawide
approachAlsounlikeinagriculturalpestcontroldestruc
tionofthebreedingareacanbepracticedinmosquitocon
trolThesefactorspresumablyforcednotonlyanearly
developmentofavariedandversatiletechnologybutalso
onewithearlyovertonesofintegratedcontrol

Outofacuriositytolearnhowtheartofmosquitocon
troldevelopedandwiththethoughtthattheinformation
gainedmightprovidehelpfulguidanceforthefuture1
recentlyexaminedmuchoftheUSliteratureonthesub
jectthatwaspublishedpriortothereleaseofDDTduring
WorldWarIIAresumeofwhatIfoundfollows

Before1900aphilosophyseemedtoprevailthatthe
miserycausedbymosquitobiteswasamanifestationof
divinewillexercisedtostrengthenmanscharacterHow
evertoleranceofcoexistancewithmosquitoeswasabrupt
lyendedbyRosss1899confirmationthatmalariawas
transmittedbydapplewingmosquitoesandReeds1901
reportthatyellowfeverwascarriedbythestegomyia
mosquitoNotonlywasworldwideinterestimmediately
arousedinthepossibilityofcontrollingthesediseases
throughthedestructionofmosquitoesbutintheUnited
Statesatleastaseriousinterestinimprovingmanscom
fortthroughmosquitocontrolquicklysurfaced

LOHowardhadexperimentedwithmosquitocontrol
asearlyas1892andinthetimesincethenhadpublished
severaltreatmentsdealingwithmosquitoesandtheircontrol
Howard189218931900e1900b1902bHowardand
Marlatt1899Hisextensiveconcentrationonmosquitoes
overthislongperiodoftimeandhisreadyfamiliaritywith
mostoftherelatedworkbeingdonethroughouttheworld
gavehimbackgroundtowriteavaluablebookin1902
entitledsimplyMosquitoes Inthisbookhedevelopedan
outlineoftheremediesknowntobeeffectiveinreducing
mosquitopopulationsRunningthroughthistreatmentcan
beseenathreadofthephilosophythatledtothedevelop
mentofmoderndaypestmanagementconcepts

Howardbeganbydividingmosquitocontrolmethods
intotwocategories1remedialworkagainsttheearly
stagesand2remedialworkagainsttheadultsControlof
theearlystageswasagaindividedintothreesubcategories
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atreatmentofbreedingplaceswithinsecticidesbaboli
tionofbreedingplacesbydrainagedikingorfillingand
cintroductionofnaturalenemiesintobreedingpools
whichforanyreasonitmaybeundesirabletodrainortreat
withaninsecticideRemediesagainstadultmosquitoescon
sistedofascreeningbuseofadulticidesandcrepel
lentsFurtherHowardstatedthatanessentialearlystepin
mosquitocontrolwastomakeathoroughbreedingsitesur
veyAlsoheadvocatedresortingtolegalmeasurestoinsure
thatindividualscomplywithordinancesnecessarytomos
quitocontrolAllofthisdemonstratesasurprisinglymod
erncomprehensionofthefundamentalsofabatingmosqui
toesMovingonfromHowardsearlyclassificationthe
developmentofeachtypeofcontroltechniqueofpreDDT
erawillbetracedseparately

LARVICIDINGTimehasdisclosedthatoilistheonly
oneofthemanylarvicidesreportedintheliteraturepriorto
1920whichhasremainedacceptableAlthoughthefirst
substantiatedreportofitssuccessfuluseasalarvicidedates
fromworkdonebyHowardin1892theearliestrecom
mendationknownfortheuseofoilincontrollingmosqui
toeswaspublishedintheAmericanDailyAdvertiserin
1793Stage1952

FollowingthedemonstrationbyHowardin1892that
coaloilkerosenewasaneffectivelarvicidecountlesstrials
andexperimentshavebeenmadewithvegetableandpetro
leumoilsdowntothepresenttimeThroughoutthesearch
hasbeenforagoalneverquiteattainedtheperfectlarvi
cideRoss19023334veryshortlyafterthissearchbe
gandescribedtheneedinthefollowingwordsIhave
longwishedtofindanidealpoisonformosquitolarvae
Itshouldbesomesolidsubstanceorpowderwhichischeap
whichdissolvesveryslowlyandwhichwheninweaksolu
tiondestroyslarvaewithoutbeingcapableofinjuringhigher
animalsWhataboonitwouldbeifwecouldkeepthe
surfaceofawholepondfreefromlarvaesimplybyscatter
ingacheappowderoveritonceinsixmonthsorsoItis
verypossiblethatsuchasubstanceexistsbutunfortunately
wehavenotyetdiscovereditHecouldntrealizeof
coursethathewasfairlyaccuratelydescribingDDTan
insecticidenottoberecognizedforanother40years

Delaney1921expressedboththesatisfactionand
frustrationwiththeuseofoilformosquitocontrolthatwas
commontothetimeswhenhesummedupapresentation
onmosquitolarvicidesbysayingInconclusionpetro
leumasalarvicideisnotentirelysatisfactorybutinthe
absenceofamoreacceptablelarvicideitisthemostpracti
cablemediumforlarvaldestruction Mybriefconsidera
tionoflarvicidesclearlyvisualizesonefact thatthe

ideallarvicidedoesnotexistNearlyallthelarvicideson
themarketatpresenthavealimiteduseorobviousdis
advantageswhichmaketheiruseimpracticablefromthe
standpointofefficiency

tv
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Itisaremarkablecoincidencethatinthesameyearin
whichDelaneygavevoicetohisfrustrationsanewanden
tirelydifferenttypeoflarvicidewasannouncedBarberand
Hayne1921readingofadiscoverybyRoubaud1920
thatparaformaldehydepowderdustedontothesurfaceof
thewaterwouldbefatallyingestedbyanophelinelarvae
testedaconsiderablenumberoftoxicdustsandfoundcom

poundscontainingarsenictobethebestOftheseParis
greenwasthemostefficientMixedatarateofabout1per
centwithaninertdustParisgreenwasquiteeffective
againstanophelinelarvaewhilebeingharmlesstobeneficial
terrestrialandaquaticanimalsTheadvantagesofParis
greenforcontrolofanophelinelarvaewereitscheapness
portabilityroaddustwascommonlyusedasadiluent
easeofdistributionandthepossibilityofusingitover
areasdifficultoftreatmentbyanyothermethodthen
knownItschiefdisadvantageswerethatitsusewaslimited
toanophelinelarvaeeggspupaeandculicinelarvaewere
unaffectedandthatliketheoilsitwasdifficulttomain
tainaneffectivesurfacefilmwithit

Interestinglyenoughthepioneeruseoftheairplanein
dispersinginsecticidesformosquitocontrolwaswithParis
greenEmployingthetechniquedevelopedfordustingcot
tonwithcalciumarsenatefromanairplaneGoadJohnson
andMcNeill1924WVKingandGHBradleyin1923
and1924hadParisgreendustedbyArmyDeHaviland
planesoverricefieldsandlargeareasofwoodedswamps
andlakesfilledwithaquaticvegetationobtainingbetter
than90controlofanophelinelarvaepresentHoward
192513KingandBradley1926

TheversatilityofParisgreenwaslaterincreasedby
mixingitwithwetsandandthrowingitbroadcastovera
poolThesandcarriedtheParisgreenbelowthesurface
whereitwaseventuallyfeduponbyculicinelarvaeAtthe
sametimesufficientParisgreenremainedonthewater
surfacetokillanophelinelarvaealsoItprovedparticularly
effectiveagainstthesaltmarsh4edesGriffitts1927In
193536itwasfoundpossibletosuspendParisgreenin
wateranddispenseitwithawateringcanforculicinelarval
controlKingandMcNeel1938

TheuseofParisgreencaughtonwithamazingrapidity
andin1928LOHowardwasabletosaythattheParis
greentreatmenthadgonearoundtheworldandthatto
thatdateitwasthecheapestandmostefficientcontrol
methodknownforAnophelesitsonlyfaultbeingthatit
hadnoactionagainsteggsandpupae

Meanwhileagreatneedexistedtoimprovetheutilityof
oilasalarvicideandin1927JosephMGinsburgbiochem
istinentomologyattheNewJerseyAgriculturalExperi
mentStationbeganastudyofthissubjectwhichwasto
continueformorethantwodecadesFromthebeginning
oftheuseofoilitwascommonlybelievedthatitcaused
thedeathofmosquitolarvaeandpupaebysuffocationIn
1918FreebornandAtsrttconclusivelyshowedthatoil
killsmosquitoesbecauseofpenetrationofthetracheaeby
volatilecomponentsoftheoilSeveralmoreyearswereto
elapsebeforethisdemonstrationwasfullyacceptedGins
burgspreliminarystudies192719281929werecon
cernedwithadeterminationofthecharacteristicswhich

madeanoilagoodlarvicideandwereveryvaluablein
bringingsomeharddatatoasubjectpreviouslyonlyspecu
latedon

Becauseofacontinuingconcernfortheeffectsactual
orfanciedofoilonplantlifefishandwaterfowlGins
burg1930undertookexperimentationin1929withthe
useofpyrethrumasamosquitolarvicidefirstreportedby
Balfour1913andsucceededindevelopinganemulsifiable
keroseneextractofpyrethrumwhichveryeffectivelykilled
mosquitolarvaeandpupaewithoutinjurytovegetation
waterfowlandfishatacostnotgreaterthanthatofordi
narylightfueloilandwithalastingqualitynotlessthanit
VannoteandGinsburg1931ThisalongwiththeParis
greensandmixturemarksthebeginningoftheavailability
ofsafeandeffectivelarvicidesusefulbelowthewatersur

faceAlthoughemulsifiableproductswereusedasfarback
asthecampaignbyGorgas1904tofreethePanamaCanal
Zonefromyellowfeverandmalarianoneofthemwas
adequatelysafetouseSubsequentlyGinsburgimproved
hisoilpyrethrumlarvicideinseveralwaysincludingdevis
ingaformulationthatpermitteditsuseinbothfreshand
saltwater19341935

ADULTICIDINGInthepreDDTeraremedialwork
againsttheadultmosquitowasmuchslowertodevelopthan
itwasagainstthelarvaandpupaTheburningofbrimstone
punkandjustplaingreenwoodforrepellingblood
seekingmosquitoesundoubtedlydatesbacktoveryearly
timesTheuseofmaterialswhichmightactuallydestroy
adultsismorerecentwithpyrethrumprobablybeingone
ofthefirstHowardandMarlatt189917Theburningof
sulfurandoftobaccowasalsopracticedRoss 190236
aswasfumigationwithhydrocyanicacidgasBailhache
190329Howeverlittleprogresswasmadeinthedevelop
mentofadulticidesformanyyearsIn1930workwas
reportedbytheUSDAontheuseofpyrethrumsprays
againstadultmosquitoesHoward193017

ThefirstrealbreakthroughinthisareawasbyLL
Williams1932Inasearchforamethodtoalleviatethe
conditionsproducedbyasuddencropofAeriessollieitans
heusedtheGinsburgpyrethrumoillarvicidewithoutdilu
tionliberatedfromaknapsacksprayerintotheaironthe
windwardsideofamarshattheusualapplicationrateThis
treatmentappearedtokillpracticallyalladultmosquitoes
intheimmediatedownwindareaInsubsequentwork
Ginsburg193519361937perfectedtheuseofthis
methodtoapointwhereitwaswidelyadoptedbyabate
mentdistrictstogiveprotectionfrommosquitoannoyance
atlargeoutdoormeetingsPowersprayerswithhighpres
surepumpswereusedTheformulafinallyusedwasa110
or115dilutionwithwaterofapyrethrumkeroseneemul
sionTheentirefieldofadulticidingapparentlystemsfrom
thiswork

Adulticidingreceivedamajorforwardthrustfromthe
discoveryreportedin1942byUSDAscientistsSullivan
GoodhueandFalesofthebreakdownanddeliveryofin
secticidesbygaspropulsionThiswasnotonlythebegin
ningoffoggingforadultmosquitocontrolbutalsowasthe
pointoforiginfortheentiremultibilliondollaraerosolin
dustryofthepresenttimeThisdiscoverycamecoinciden
tallywiththatoftheinsecticidalvalueofDDTwiththe
resultthatmethodandmaterialweresoonweddedintoa

verypotentadulticidaltool

ABOLITIONOFBREEDINGPLACESMosquitocon
trolworkershavealwayshadatleastonetremendous



advantageoverindividualsresponsibleforcontrollingagri
culturalinsectpestsietheycandestroythebreeding
groundsoftheirpestThoseinvolvedwiththecontrolof
agriculturalpestsmustseektodestroythepestspecieswith
outharmtoitsbreedingsite

Fromtheinceptionofseriousmosquitocontrolinthe
lateninetiesonwardthisadvantagewasfullyrealizedand
exploitedAsaresultmosquitocontrolliteratureinthe
preDDTeraispredominantlyconcernedwithhabitatelim
inationandalterationThroughoutnearlyallofthisperiod
ditchingdikingandfillingalongwitheliminationofcon
tainertypehabitatsweretheprincipaltechniquesused
Atthebeginningallsuchworkhadtohedonewith
handlaborConsequentlyunremittingeffortsweremade
throughoutthiseratomechanizeasfullyaspossibleall
phasesofbreedingsiteelimination

Althougheliminationofnaturalbreedingareasthrough
ditchingreceivedseriousattentionwherevermosquitocon
trolwasattempteditwasparticularlyutilizedwithsalt
marshmosquitoesbecausethiswastheonlymeansofcon
trolthatcouldbeaffordedbycommunitieslivingonthe
edgesofmilesofpotentialmosquitoproducingsaltmarshes
Consequentlytheearlytechnologyofmosquitoditchingin
thiscountrywasprincipallydevelopedonsaltmarshesand
inanareawherepopulationpressurescausedanearlyrapid
riseinrealestatevaluesieNewJerseyForinlandand
urbanmosquitocontrolbreedingsitemanagementreceived
itsprincipalimpetusfromtheearlyeffortsofRoss1902
andGorgas1904Theworkaccomplishedandthemeth
odsemployedbythesetwoandmanyothersininitiating
effortsthroughouttheworldtoeliminateyellowfeverand
malariaismorefullydescribedinlaterpublicationsRoss
1910LePrinceandOrenstein1916

GuidelinesfordrainageonAtlanticCoastsaltmarshes
wereprimarilyestablishedbyJBSmithwhocouldaccur
atelybereferredtoasthefatherofsaltmarshmosquito
controlBeginningjustpriortotheturnofthecenturyand
continuinguntilhisdeathin1912henotonlywasinstru
mentalingettingthelegislationneededtoprovidestateand
communityfinancialsupportformosquitocontrolbutalso
wasresponsiblefordeterminingthemosquitofaunaofNew
Jerseymostofthedetailsofthebiologyofthesespecies
andthemeasuresneededtobeginbringingthemunder
control

Allditcheswereinitiallydugbyhandfirstwithordinary
spadesandsubsequentlywithspecializedtwomanand
threemanspadesHoweverforallofthepreDDTerathere
wasasteadydevelopmentofditchingmechanizationby
NewJerseyworkersTimedoesnotpermitanelaboration
ofthisdevelopmentbutseveralwritershaveleftillustrated
accountsofitEaton19161918Reiley19231928Mer
hof1924Brooks1929ReileyandVannote1938Byat
least1937acaterpillarcranewithanorangepeelbuckethad
beenadaptedtomosquitoditchingBrooks1937afore
runneroftheubiquitousdraglineActuallysteamshovels
aswellasdynamitewereusedforditchingasfarbackas
WorldWarILePrince1919

Dikingasameansofreclaiminglandwasusedinthe
MetropolitanNewYorkareashortlyaftertheCivilWar
Delaney1916andonceaseriousinterestdevelopedin
pestmosquitocontrolattheturnofthecenturywas
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quicklyputtouseasasaltmarshmosquitocontroldevice
Someoftheveryearlyworkonhabitatalterationformos
quitocontrolusingdikeswasdoneinCaliforniabyQuayle
in1906Dikeswerecombinedwithtidegatesorpumps
tofreeamarshofwaterAsaruledikesareusedonly
whenthefallofthetideisnotsufficienttodrawallofthe

wateroutofditcheswhenditcheshavetopassthrough
strataofsuchcompositionthatitisimpracticableorunduly
expensivetokeepthemopenorwhentheareainquestion
istoolowtobedrainedHardenburg 1922144On
highermarshesdikingwasfoundtodrythemarshouttoo
greatlyandtocauseaseriousshrinkageinitslevelAn
extensiveinvasionoftheareabyundesirableplantsalso
usuallyoccursTheseproblemscanbereducedbyputting
waterbackonthemarshduringthewinterBrooks1915

Impoundingasamosquitocontroltechniquewasappar
entlyfirstreportedbyVanDine1922basedonwork
doneontheLouisianadeltaThetopographyofthatarea
didnotpermitdrainageanditwasnecessarytodevisesome
othermethodofcontrolDuring1914personnelofthe
DivisionofEntomologyoftheUSDepartmentofAgri
cultureobservedthatundernaturalconditionstherewas

practicallynobreedingof1nophelesinsectionsofbayous
whereopenwaterandcleanmarginsexistedIn1915they
clearedthebedandedgesofabayouandbuiltadamto
maintainwaterwithinitNoanophelinebreedingwas
subsequentlyfoundintheimpoundmentEvenwiththis
demonstrationitwasnotuntiltheTVAmalariacontrol

programwasestablishedmorethan20yearslaterthatseri
ousattentionwasgiventothismethodofmanagingboth
mosquitoandwildlifepopulationsHinman1938Itwas
notuntilaftertheendofthepreDDTerathatimpound
mentreceivedseriousconsiderationasasaltmarshAedes

controldevice

USEOFNATURALENEMIESFromtheverybegin
ningoforganizedmosquitocontroleffortsinthiscountry
muchenergyhasbeenexpendedonutilizingfullythe
naturalenemiesalreadypresentintroducingnonnative
naturalenemiesandonthemassproductionandreleaseof
naturalenemiesSpecialimpetuswasgiventotheseefforts
allduringthepreDDTerasincethetoolsformosquitocon
trolalreadyathandweresolimitedintheireffectiveness

JBSmithinhisexcellentpioneeringpublicationupon
themosquitoesofNewJersey1904devoted34pagesto
theenemiesofmosquitolarvaefoundinthatareaForall
ofthenaturalenemiesofthelarvaeandpupaeexceptfish
hestatedthatsofarasourpresentknowledgegoeswe
canmakenopracticaluseofthem Allthatwecando

istomakenaturalconditionsasfavorableforthemaspossi
bleHeconcludedthatfishwerethemostimportantfrom
thepracticalstandpointbecausetheycouldbetransported
toplaceswheretheywereneededbecausetheywouldstay
whereputandbecausetheylivedduringtheentireseason

ThissituationprevailedthroughouttheentirepreDDT
eraTherewereduringthistimesomeinterestingefforts
madetointroducenaturalenemiesintoareaswherethey
werenotnativeLOHoward1910tellsthatAlbert
KoebeleimportedfromCaliforniatoHawaiialargenumber
ofwesternsalamandersDiemyctylustortosusEschwhich
hadpreviouslybeenobservedtoeatmosquitolarvae
Howardalsodescribestheintroductionofmosquitofish
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fromTexastoHawaiibywayofSanFranciscoin1904by
DLVanDineThisintroductionwasbothsuccessfuland

eventuallyusefulHoward1930reportedthatCE
Pembertonbroughtlivinglarvaeofthepredaceousmosquito
ToxorhynchitesinornatusfromNewGuineatoHawaii
TheseapparentlydidnottakeSlightlylaterRWPaine
introducedToxorhynchitessplendensfromJavaintoFiji
whereitdidbecomeestablishedatleastforawhile
Bishopp1933

Equallyinterestingbutmuchmorefutilewerethe
energeticandlongcontinuingeffortsduringthetwentiesof
DrARCampbellofSanAntonioTexastoselltheidea
ofbuildingrooststructuresforbatsinareaswithmosquito
problemsHoward1924Hestoutlyinsistedforanumber
ofyearssquarelyinthefaceofcontraryevidencefrom
reputablescientiststhatthiswasapracticalcontrolfor
adultmosquitoesAlthoughsupportfromnewspaperskept
thisideaalivebeyonditstimeiteventuallylapsedintothe
obscuritywhichitmerited

ENVIRONMENTAL CONCERNGenerallyspeaking
theprimaryconcernduringthepreDDTerawastoaccom
plishmosquitocontrolbywhatevermeanscouldbestbe
usedWetlandswerecommonlyheldtobewastelandsIf
mosquitocontrolcouldbecombinedwiththetransforma
tionofwetlandsintoareasusefulforagricultureindustry
orrecreationsomuchthebetterRealizationthatwetlands
areanindispensablepartoftheecosystemonwhichmans
ultimatesurvivaldependsdidnotcomeuntilmuchlater

Althoughinsensitivetototalecosystemconsiderations
workersofthisperiodweregenerallyawarethatmosquito
controlpracticescouldhaveundesirablesideeffectsand
thatpracticesshouldbemodifiedtoavoidtheseForex
ampleintheearlydayssaltmarshhayproductionwasan
importantindustryalongpartsofthenorthAtlanticsea
boardEliminationofmosquitobreedingsitesonthese
marsheshadtobedonewithoutharmingthisproduction
The10inchditchdevelopedbyJBSmithnotonlyper
mittedthisbutactuallyresultedinanincreasedyield

TheearlyvolumesoftheNewJerseyMosquitoExtermi
nationAssociationoftenvoicedconcernoverthetoxic
effectoflarvicidaloilonfishandsincetopfeeding
minnowswereanimportantpartoftheintegratedsystem
ofmosquitocontroltheninusethisconcerneventually
ledtothedevelopmentofthelessharmfulGinsburg
pyrethrumoillarvicideThepracticeofdikingsaltmarshes
formosquitocontrolwaslatermodifiedorusedlessoften
becauseoftheshrinkageandharmfulplantsuccession
whichoccurredonmarshesthatweretooextensivelyfreed
ofwaterSmith1907

Seriousconcernovertheeffectsofmarshalteration
workdoneformosquitocontrolonmarshlandwildlifedid
notdevelopuntilthethirtiesbutevensothisismuchear
lierthanmanyenvironmentalisthavegivenmosquitocon
trolworkerscreditforAtthe22ndAnnualMeetingofthe
NewJerseygroupin1935asymposiumwasheldonthe
relationofmosquitocontroltowildlifeonthesaltmarshes
Headlee1935Fromthispointontheliteratureincreas
inglyreportedcommunicationbetweenwildlifepeopleand
mosquitocontrolworkers

POPULATIONMONITORINGAbilitytoeffectively
monitormosquitopopulationsisanothernecessarypartof
pestmanagementTechniquesbasictoourpresentability
inthisareaweredevelopedbytheworkersofthepreDDT
eraIntheearlierpartofthisperiodlarvaldippingand
adultbitingtechniquesweredevelopedBothofthese
methodsremainessentialtodaybutbothhavelimitations
Anautomaticmethodofsamplingwasneededonewhich
wouldoperaterepetitivelyoverlongerperiodsoftime

Headleeearlyrecognizedthisneed1922andbegan
thestudieswhichledtohisdevelopmentofthefirstmos
quitolighttrapforsurveypurposes1928Thiswas
subsequentlyimprovedandmodifiedbyMulhern1934
intotheNewJerseylighttrapasweknowittodayThe
objectofmanymodificationssincethatdaythemosquito
lighttrapstillservesasanessentialpopulationmonitoring
device

ECONOMICTHRESHOLDSAnotheressentialingre
dientofpestmanagementasweknowittodayisthe
developmentofeconomicthresholdsthoselevelsofdam
agediseasetransmissionorannoyanceabovewhichitbe
comesaneconomicnecessitytocontroltheinvolvedpests
ThefirstreferencenotedintheliteratureofthepreDDT
eratowhatmightberegardedasaneconomicthresholdis
astatementbySpencerMillerofNewJerseyin1914I
triedoncetodefineamosquitopestDrSmithtoldus
thateverysquarefootofasaltmarshbreedingareamay
produce5000mosquitoesinasinglebroodAnacrecon
tainsalmost5000squareyardsOnemosquitotoasquare
yardwouldbe5000mosquitoestoanacreSurely5000
mosquitoestotheacreisapest

SomewhatmoretothepointHeadlee 1932126
developedaneconomicthresholdforthelighttrapFrom
ananalysisoflighttrapdataheconcludedForaverage
NewJerseyconditionsitmaybeconsideredthatwhenthis
trapaccumulatesmorethan24mosquitoesinasinglenight
thedensityissufficienttodeveloptroubleforthehouse
holderandwhenitaccumulateslessthan24mosquitoesin
asinglenightthedensityislowenoughtobepractically
negligiblefromthehouseholdersstandpointAlthough
notmentionedinthisarticleitisobviousthatHeadlee
meantthesetobefemalemosquitoesonlybecausethe
figurewasderivedbycomparisonswithnumbersofmos
quitoestakeninhumanbitingcollections

SOCIOECONOMICPOLITICALFACTORS Extreme

lyimportanttothepestmanagementmilieuoftodayare
whatcanbetermedthesocioeconomicpoliticalfactors
Theywerenolessimportanttonoranylessrecognizedin
thepreDDTeraFromthebeginningoforganizedorcom
munitywidemosquitocontrolinthiscountryatthestart
ofthetwentiethcenturywefindtheliteraturetobereplete
withaccountsofeffortsmadetoeducatethecitizenryto
thevaluesofmosquitocontrolMiller1906Hardenburg
1922Theseeducationaleffortswerecarriedonprimarily
toarousethecommunitytopushforthepassageofen
ablinglegislationandtheappropriationoffundsthatwould
provideareawidemosquitoabatementdistrictsOnce
passedalltoooftenafighthadtobecarriedonyearafter
yearinthepoliticalarenatoputdowntheregularlyrecurr



ingeffortsonthepartofsomeindividualstorepealexisting
mosquitocontrollegislation

Economicswereofasmuchimportancetothelegisla
turesandcitizenrythenasnowandforyearsmostmos
quitocontrolworkwasgrosslyunderfundedNumerous
accountsofthefinancialsideofmosquitocontrolappeared
duringthisperiodasindividualssoughttojustifytheexpen
dituresthathadbeenmadeandtheevengreatersumsthat
werebeingrequestedeachyearHeadlee1938

Legalrestraintsimposedtoinsurethatnocitizenundoes
communityeffortatmosquitoabatementhavebeenwithus
fromthebeginningPossiblytheearliestintheUnited
StateswasanordinancepublishedbyamayorofWin
chesterVirginain1900requiringhouseholderstooilall
waterontheirpropertyatleastonceeachinonthHoward
1902a174InNewJerseytheDuffieldamendmentto
theStateHealthLawpassedin1904placedwaterin
whichmosquitolarvaebredamongthenuisancesthatcould
beabatedbylocalboardsofhealthatcitizensexpense
Smith1904142

CONCLUSIONSFromtheprecedingreviewitis
apparentthatalloftheelementsconsiderednowtobe
essentialtoaviablemosquitocontrolprogramwereknown
andutilizedinthepreDDTeraItistruetheDDTeraand
thepostDDTerahavebroughtusagreatlyincreased
knowledgeofmosquitobiologyandbehavioranextensive
refinementofcontroltechnologyincludingoneentirely
newcontrolmethod autocidalcontrolandtheexciting
philosophyofpestmanagementHowevertheDDTeraand
thepostDDTerahavenotbroughtthefreedomfrommos
quitoattackwhichourconstituentshavecometobelieveis
possibleItisdifficultforsometounderstandwhythis
anomaloussituationexistsparticularlywhenoneconsiders
thatalmostthefirstorganizedmosquitocontroleffortsin

theworldthecleanupofAedesaeyptiandtheresulting
eliminationofyellowfeverinHavanaCubain1902along
withasimilaraccomplishmentinthePanamaCanalZone
in1906bothbyColonelWilliamGorgaswerenotonly
completelysuccessfulbutoccurredintheearliestdaysof
thepreDDTera

Essentiallydevoidofsignificantbiologicalinputsas
thesetwoprogramswereitislittlewonderthattheterm
mosquitoengineeringwasusedin1901andthatthe
statementcouldconfidentlybemadethatMosquitoex
terminationisessentiallyanengineeringproblemWeeks
1903Yetifanalyzeditwillbefoundthattheyellow
feverandmalariacontrolprogramsofRonaldRossand
WilliamGorgaswerepestmanagementsystemsintheele
mentalsenseofthewordeveniftheyhadnotfilledin
manyofthebiologicalvaluesinthesystemsmodelgovern
ingthepopulationsizesofthevectormosquitospeciesThe
specieshavingthecriticaleconomicimpactwasselected
outitseconomicthresholdempiricallyestablishedits
involvedbiologicalandbehavioralcharacteristicsdeter
minedthelimitsoftheareaneedingcontrolmarkedoff
theappropriatepopulationmanagementtechniquesadopt
edandatotaloperationalprogramputintoeffectTo
checktheprogressoftheworkpopulationmonitoring
proceduresadequatetothepurposewereestablished

Tomywayofthinkingthereasontheseprogramshad
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suchcompletesuccessisthatunlikemostmosquitocontrol
programssinceunlimitedmanpowerwasavailableandthere
wasnoconcernoversocioeconomicfactorsorovera

politicallegalbasisfortheworkbecauseitwasalldone
withinareasundermilitarycontrolInotherwordsit
comesbacktoafactalltoowellknowntousiethatman
lefttoafreedecisiononallmatterscanfrequentlybehis
ownworstenemyOntheotherhandgiveusaleverto
mansactionsandafulcrumonwhichtorestitandwecan

literallymovetheworldOutsideofdictatorialforcewhich
iscontrarytotheAmericanphilosophyourprincipallever
tomensmindstodayispersuasionthrougheducationand
publicrelationsandhereforusprobablyliestheultimate
keytoeconomicandenvironmentallysoundmosquitocon
trolAversatileandinnovativeapproachtothecontrolof
publicopinionistheelementmostwantingfromourmos
quitopestmanagementsystemstodaynotfundamental
biologicaldataorsuitablyadvancedtechnology
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EPAsSTRATEGYFORIMPLEMENTATIONOFTHEFIFRA

ClydeBEller

EnvironmentalProtectionAgency HazardousMaterialsControlDivision

Region9 100CaliforniaStreetSanFranciscoCalifornia94111

Duringthelastfewdecadespesticideshavebecomein
creasinglyimportanttotheprocessesoffoodandfiber
productioninsuringpublichealthandsanitationprotect
ingnaturalresourcesandimprovinghumancomfortand
wellbeingHoweversincepesticidesarebiologicalpoisons
andarenotalwaysspecificintimeplaceortargetoftheir
chemicalactivitytheirproliferationintheenvironmenthas
causedknownserioushumanhealthandenvironmental

problemsandmaybecausingothersnotnowwellunder
stoodTheneedforfederalgovernmentinvolvementinthe
controlofpesticideswasperceivedearlyandwasprincipally
addressedbytheFIFRAActof1947SinceDecember
1970theresponsibilityofadministeringthisActhasrested
withtheEnvironmentalProtectionAgencyEPAIn
October1972theActwasamendedtogivebroadandnew
pesticidecontrolauthoritytothisagencyFullyimplement
ingtheActasamendedbetweennowandOctober1976
isanessentialresponsibilityofEPAandofthestatesand
theiragencies

Pesticidesunlikemostairandwaterpollutantsare
intentionallyreleasedintotheenvironmentinorderto

producetheirintendedbenefitsAnyactionregulatingpest
icideusemustbebasedonacarefulassessmentofitseffect

onthoseactivitiestowhichpesticidesrepresentanimpor
tantbeneficialinputInbriefthemajorelementsofthe
197476EPAstrategytoimplementFIFRAare1to
controlproductavailabilityorsupplycontrol2tocontrol
theuseofpesticides3toimproveandintegratehazard
evaluationsystemsand4toimproveourunderstanding
ofpesticideproblemsofcorrectivemechanismsandof
testingandmeasuringmethods

Thebackboneofthepesticideregulatoryprogramisthe
registrationprocessItservestokeephighlyhazardous
chemicalsoffthemarketandthroughclassificationand
otherrestrictionstocontroltheuseofothersThenewAct

requiresreregistrationandclassificationofallcurrently
registeredpesticidesbyOctober1976Asimilarrequire
mentappliestothosepesticideswhicharecurrentlyregis
teredbystatesforuseinintrastatecommerceItisesti
matedthatthesestatutorymandateswilladdover40000
registrationactionstothenormallysubmittedregistration
petitionswhichrequireprocessingEmphasiswillbeplaced
onthosepesticideswhichareofapersistentandbio
accumulativenatureandthosewhichpotentiallypresent
longtermhealthrisksorspecialtoxicitiestohousehold
usersPesticidescurrentlyinvolvedinlitigationproceedings
willnotbereregisteredbeforehearingsarecompleted
Initialsupplycontrolasunderwrittenbyproductregistra
tionmustbeenforcedtobeeffectiveAconcertedprogram
overthelastfewyearsoflabelingefficacyandquality
controlenforcementhassubstantiallyreducedthenumber
ofgrossviolationsThenewactgivesenforcementauthority
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intheseareasthroughestablishingregistrationbooksand
recordrequirementsandsurveillanceatthepointofmanu
facturingratherthaninthemarketplaceThefirststepin
thisprocessistheregistrationofallmanufacturingand
formulatingestablishments

USCONTROLLabelingplaysacrucialroleinassur
ingtheproperuseofpesticidesLabelingisapprovedat
thetimeofregistrationasprovidingadequateinstructions
andprecautionstopreventadverseeffectsonhealthandthe
environmentHoweverthreefactorsbearrecognition1
thelabelislimitedintheamountofinformationitcancon
tain2ithasbeenshownthatusersoftendonotread
printedinstructionsand3questionsariseastohowwell
theusersunderstandwhattheyhavereadThemajor
thrustwillbetorestricttheuseofcompoundsknownto
behazardoustotheapplicatororhisimmediateenviron
mentwhenusedinaccordancewithcommonpractices
Suchcompoundswillbeavailableonlytoprivateapplica
torsthatisfarmersandtocommercialapplicatorswho
havedemonstratedcompetenceintheiruseThisrestriction
shouldsignificantlyreduceaccidentsbykeepinghazardous
substancesoutofthehomeandoutofthehandsofun
trainedindividuals

Certifiedapplicatorsmustknowhowtofollowlabel
instructionstoaugmentthemwhennecessaryconsistent
withlabelintentbeknowledgableofsafetyprinciplesand
berequiredtodemonstratecompetenceinusingapplication
equipmentAdditionalusecontroleffortswillinclude
publicinformationprogramssuchasmediaadvertisingdi
rectedtowardmotivatingtheusertoreadandadhereto
labelinginstructionsInadditiontorestrictingcertainpes
ticidestoqualifieduserstheActgivestheadministrator
authoritytoimposeotherrestrictionsThesemayinclude
forexampleseasonalorgeographicpoundagelimitationson
totalamountoruseofapesticideonlyinconjunctionwith
anintegratedpestmanagementsystemCertainotherclearly
neededprogramswillbeinstitutedtodealwithadverse

healthandenvironmentaleffectsTheseincludespecific
requirementsforchildproofpackagingforhomeusepro
ductsdisposalandstorageregulationsinenforcement
developmentofdissolvablepackagingandmodifiedformu
lationsofhazardouscompoundsControlofspillageand
foodandclothingcontaminationduringtransportationof
activeingredientsandformulationproductswillbeimple
mentedProtectiveclothinglackornonuseofwhichhas
beenimplicatedinlargenumbersofaccidentstoapplica
torsandfarmworkerswillbepromotedEffortwillalso
bedirectedtowardmedicatingadversehealtheffectsin
farmworkersduetopesticideexposure
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HAZARDEVALUATIONTheneedtoprotectthe
generalpopulationfrompossibleirreversablehealtheffects
especiallyfromthosepesticidesusedonfoodandfeed
cropsleadstothethirdmajorthrustofthepesticidestrat
egythatofdevelopinganeffectivehazardevaluationsys
temEPAhasaresponsibilityforformulatinganational
planformonitoringpesticidesincooperationwithother
federalstateandlocalagenciesandforspecifyingstudies
tobeconductedduringexperimentaltestingofnewpesti
cidesandcoordinatingwithotheragenciesinhazardevalu
ationactivitiesAsanearlywarningsystemitshouldfeed
informationbacktotheregistrationprocessbyidentifying
possibleharmfuleffectsofpesticidesandtheirbyproducts
notpreviouslyrecognizedThehazardevaluationsystem
willhavedirectinputtocancellationssuspensionsand
otheractionsreclassificationbyprovidingamethodto
identifychemicalsrequiringindepthreviewandbysupply
ingdatatosupportsubsequentreviewprocedures

Thefinalmajorthrustoftheinsecticidestrategyisa
vigorousprogramofinvestigationbothtosupportcurrent
techniquesandprogramoptionstomeetfutureregulatory
needsTheresearchprogramwillhavetwomajorcompon
entstomeettheseobjectivesThefirstrelatestoscientific
researchandmodeldevelopmenttosupportregulatory
actionsthesecondconsistsofstudiestoevaluatespecific
questionsofpolicyandstrategicplanning

APPLICATORCERTIFICATIONTheapplicatorcerti
ficationprogramisanattempttoinsurethatapplicators
havesufficientknowledgetopreventacuteinjurytohuman
healthandenvironmentaleffectsinornearareasbeing
treatedwithpesticidesTobecertifiedanapplicatorwill
havetobeawareforexampleofthepotentialtoxicityof
pesticidesandknowwhatstepscanandshouldbetakento
preventhimselfandotherindividualsfrombeingneedlessly
exposedSimilarlyhemusthavesufficientknowledgeto
preventthemostobvioustypesoflocalizedenvironmental
damageincludingacuteinjurytonontargetspeciesandrun
offintostreamsandlakesTowardstheseendsthepro
posedstandardsofcompetencestresspracticalknow
ledgethatisthepossessionofpertinentfactsandabilities
tousethemindealingwithproblemsandsituationslikely
tobeencounteredinanapplicatorswork

ByOctober1976allregisteredpesticidesmustbeclassi
fiedforeithergeneraluseorrestricteduseAgeneraluse
pesticideisdefinedintheActasonewhichwillnotgener
allycauseunreasonableadverseeffectsontheenvironment
whenusedinaccordancewithitslabelingorwidespread
andcommonlyrecognizedpracticesSuchpesticidesnorm
allywillbeavailabletothepublicArestrictedusepesticide
isdefinedasonewhichmaygenerallycauseunreasonably
adverseeffectsontheenvironmentincludinginjurytothe
applicatorunlessitissubjecttoadditionalregulatoryre
strictionsbeyondlabelingFIFRAprovidesfirstthatifa
pesticideisclassifiedforrestrictedusebecauseofpotential
hazardtoapplicatorsorotherindividualsitcanbeused
onlybyorunderthedirectsupervisionofacertifiedappli
catorIfapesticideisclassifiedforrestrictedusebecauseof
potentialenvironmentalhazarditcanbeusedonlybyor
underthedirectsupervisionofacertifiedapplicatororin
accordancewithotherregulatoryrestrictionsimposedby
theadministrator

Section4whichprovidesforapplicatorcertification
reflectstheintentofcongressthatstatesassumethepri
maryresponsibilityforthisactivityStatesareexpectedto
developandtoadministerapplicatorscertificationpro
gramsbasedonstandardsofcompetencewhichmeetor
exceedthoseprescribedbytheadministratorStatecertifi
cationplansmustbereviewedandapprovedbytheadmini
stratorandforthispurposemustbesubmittedtohimby
October1975EPAbelievesstronglythatapplicatorcertifi
cationcanbemosteffectivelyhandledatthestatelevelfor
properconsiderationcanbegiventotheparticularcharac
teristicsofagriculturalandotherusesofpesticideswithin
eachstateandtoexistingmechanismsforlicensingappli
cators

Theproposedcertificationstandardsaredesignedto
insurethatapplicatorswouldhaveapracticalknowledgeof
thebasicelementsofpesticideusageCertificationwillre
quiretheapplicatortobecompetentandawareoftheneed
forproperuseandtheconsequencesofmisuseItisdesigned
toinsurethattheapplicatorknowstheimportanceof
correctplacementofpesticidestoavoidorminimizeentry
intotheenvironmentotherthantotargetareasknowshow
topreparetheproperandsafestformulationforagiven
situationandisawareofwhatconstitutespoorhandling
mixingandstoragepracticestheleadingcausesofpesticide
accidentsThesestandardswillnotrequirethattheapplica
torfullycomprehendthescientificbasisforthelabeling
directionsbutratherthatheknowshowtofollowthe
directionsandhasasufficientknowledgetoaugmentthem
ineachusesituationtopreventadversehealthandenviron
mentaleffectsandtoassureproperuseofpesticides

SPECIFICSOFREGULATIONSTheregulationsestab
lishasystemofcategorizationbasedonoccupationTen
categorieshavebeendevelopedThreeareofspecialsignifi
canceastheyinvolvedemonstrationapplicationsregula
toryactivitiesandpublichealthprogramsTheyhavebeen
structuredtorequireespeciallyhighlevelsofproficiency
andunderstanding Thetencategoriesare agricultural
pesticidescontrolsubdividedintoplantandanimalforest
pestcontrolornamentalandturfpestcontrolseedtreat
mentaquaticpestcontrolrightofwaypestcontrolindus
trialinstititionalstructuralandhealthrelatedpestcontrol
publichealthpestcontrolregulatorypestcontrolanddem
onstrationpestcontrol

Section1714arequiresthatcommercialapplicators
competencebedeterminedthroughwrittenexamination
andasappropriatedemonstrationtestingSection4bsets
forthgeneralstandardstobemetbyallcommercialappli
catorsStatestandardsmustbeequivalenttoormayexceed
EPAstandardsThegeneralstandardswouldrequirecom
mercialapplicatorstohavepracticalknowledgeinthefol
lowingareasproblemidentificationinterpretationoflabel
inginstructionapplicationtechniquesandsafetyTwo
mattersonsafetyacutehumanhealthhazardintheform
ofinjuryordeathrepresentsahighlyvisibleeasilyunder
stooddangerFieldapplicationtechniquesaredirectlyre
latedtothedermalrespiratoryandoverallexposurethat
anapplicatorexperiencesEachapplicatormustknowthe
useofprotectiveclothingandequipmentcommonintoxi
cationsystemsandfirstaidprocedureThecertifiedappli



catorisrequiredbythesestandardstohavetheoperational
competencynecessarytominimizepesticidepoisoning

Section4csetsforthspecificstandardsforeachcommer
cialapplicatorcategoryTheyidentifyareasofpractical
knowledgethatareparticularlyimportantineachcategory
AsanexampleApplicatorsshalldemonstratepractical
knowledgeofregulatedpestsapplicablelawsrelatingto
quarantineandotherregulationofpestsandthepotential
impactontheenvironmentofrestrictedusepesticidesused
insuppressionanderadicationprogramsTheyshalldemon
strateknowledgeoffactorsinfluencingintroductionsspread
andpopulationdynamicsofrelevantpestsTheirknowledge
shallextendbeyondthatrequiredbytheirimmediatedu
tiessincetheirservicesarefrequentlyrequiredinother
areasofthecountry

IwouldliketopresentabriefoverviewofCalifornias
safetyandhealthprogramWeneedtostartwiththefederal
actsothatweunderstandthefederalandstaterelationship
thathasnowbeenestablishedThefederalactwaspassed
byCongressandsignedintolawbyPresidentNixonin
1970andwentintoeffectin1971Itmandatesanational

workersafetyandhealthprogramwhichappliestoevery
workplacewherethereareoneormoreemployeesCon
gressrecognizedtheneedforstatestoadministerthe
programwithintheirrespectivejurisdictionsTherefore
Section18allowsstatestoretainadministrationofthe

programbysubmittingastateplanwhereassurancesare
madeandallfederalcriteriaaremet

CALIFORNIAsSAFETYANDHEALTHPROGRAM

StevenAJablonsky
California OSHA

1006FourthStreetSacramentoCalifornia

WhyastateplanCaliforniahashadaworkersafetyand
healthprogramforover40yearsIthasbeendifferentfrom
todaysprogramasitwasmoreorlessserviceorientedal
thoughitdidhavesometeethiftherewereserioushazards
Thereweretaggingprocedureswherebywecouldshuta
placedownWealsohadcriminalsanctionswhichwedid
useincasesofgrossnegligenceandwhenpeoplewerehurt
orkilledOurchoicewassomewhatlimitedWeknewwe

musteitherredirectourprogramtomeetthefederalcriteria
orwefacedfederalpreemptionMorespecificallyCalifor
niacouldprovidebroadercoveragethanthefederalprogram
byincludingpublicagencieswhichwerenotcoveredinthe
federalprogramInCaliforniathereareaboutonemillion
workersinstatecountycityschoolandotherlocaljuris
dictionsCaliforniasprogramprovidespublicworkersthe
samerightsandprotectionasprivateemployeesItalso
treatspublicemployersthesameasprivateemployerswith
oneexceptionthatiscivilfinesdonotapplytopublic
agenciesCaliforniacandevotemoreresourcesbyobtaining
50federalfundingcanretainitsprofessionalsandthere
forecanprovidemoreinputintotheprogramEmployers
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FinallyIwishtopointoutthatSection4ofFIFRA
providesforthedevelopmentofsomeadditionalregulations
andthesewillidentifytherequirementsforanacceptable
statecertificationplanConsiderationisalsobeinggivento
spellingoutprovisionswhichhavetobeincludedinthe
stateplanwithrespecttomatterssuchasexaminationsand
methodstobeusedtodetermineapplicatorcompetenceand
totheissuanceofcredentialstocertifiedapplicatorsEPA
willwelcomecommentsandsuggestionsregardingtheseor
anyotheraspectsofFIFRAsrequirementsSection4ap
pearedintheFederalRegisterasofFebruary22andthere
willbea30dayperiodforcommentsThiswillbea30day
periodinwhichallcommentsareconsideredbeforeissuance
ofthefinalregulations

95814

andemployeescandealwithaprogramwhichisadminis
teredclosertohomeThisisimportantinstandardsetting
enforcementandappealsCaliforniaalsoprovidesconsult
ingservicesintheprogram

Californiasplanwassubmittedtotheregionalofficein
September1972andafterregionalreviewitwassubmitted
toWashingtononDecember151972Thesummaryof
Californiasplanwaspublishedinthefederalregisteron
January51973andtherewasaperiodof30daysfor
commentItwasfinallyapprovedonApril241973

ThreepointsshouldbemadeaboutCaliforniasstate
planFirstitwasdevelopedwiththeassistanceofanad
visorycouncilcomposedofprominentpersonsfromman
agementlaborandthepublicAlthoughnovoteswere
takenthecouncilsviewsrepresentedaconcensusbetween
managementandlaborThesecondpointisthatthisisa
developmentalplanThefederalcriteriarecognizethatit
takestimetocompleteandimplementaprogramascom
prehensiveasOSHAWehavethreeyearsfromthetimethe
planwasapprovedtocompletelyimplementthisdevelop
mentThirdlyCaliforniasplanencompassedthreeblends
existingstatelaworthoseitemswhichworkedwellinthe
pastthefederalmandateincludingtherequirementsthat
wehadtomeetinordertohavestatejurisdictionandthe
workofourAssemblyselectcommitteeonindustrialsafety
Wehadaseriesofinvestigationsbythiscommitteeasare
sultofsomeunfortunateincidentsandtheirconsiderations
weretakenintoaccount

Whenwewereinreasonableaccordonourstateplanwe
appliedforgrantfundstoadministerandenforcethepro
gramandonJune51973wereceivedafivemilliondollar
grantfromtheUSDepartmentofLaborWealsoworked
withourCaliforniaLegislatureonenablinglegislation
AB150aftermuchdebatewassignedintolawonOctober
21973
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TheAgriculturalandServicesAgencyisoneoffour
cabinetlevelagencieswhichexercisespolicydirectionover
severaldepartmentsoneofwhichistheDepartmentofIn
dustrialRelationsItistheAgencyresponsiblefordevelop
ingandimplementingthestateplanWithinitisasmall
administrativeunitwhich1superviseasprogrammanager
Weserveastheliaisonorfocalpointwiththefederalgov
ernmentandwealsocoordinatethemanyactivitiesatthe
statelevel

WehaveanOccupationalSafetyandHealthStandards
Boardwhoseresponsibilityistosetstandardsforworker
safetyandhealthandalsotoconsiderapplicationsfor
permanentvariancesfromstandardsThisBoardalsoactsas
anappealbodyfromthegrantingordenialoftemporary
variancesbytheDivisionofIndustrialSafetyTheBoardis
composedofsevenmemberstworepresentingmanagement
twolaboronefromthefieldofsafetyonefromhealth
andonepublicmember

TheDivisionofIndustrialSafetyistheresponsibleen
forcementagencySinceJanuary11974compliancein
spectionshavebeenconductedasprescribedbythestate
planandourstatestatuteAB150TheDivisionalsopro
videsconsultationservicesprovidedby18persons9inthe
northand9inthesouthTheirresponsibilityistoassist
employersandemployeestoconformtothestatutesThe
Divisionisalsoconductingseminarsthroughoutthestate
toinformthepublicoftherequirementsofthestateplan

TheStateDepartmentofHealthhasaninteragency
agreementwiththeDivisionfortechnicalsupportandtrain
ingItalsoconductshealthstudieseitherattherequestof
theDivisionofIndustrialSafetyoronitsownItalsohas
responsibilityforevaluatinganddevelopingrecommenda
tionsforstandardsandvariancerequestsTheStateFire
MarshallsofficealsohasaninteragencyagreementIts
roleissimilartothatoftheStateDepartmentofHealth
initsconsiderationoffirestandards

ThefinalorganizationalentityistheOccupational
SafetyandHealthAppealsBoardIthearsappealsfrom

enforcementactionssuchaspenaltiescitationsandabate
mentperiodsItisathreemanboardappointedbythe
GovernorItnowhasacontractwiththestateOfficeof

AdministrativeHearingstoconductthefirstlevelofhear
ingsEventuallyitwillbehiringitsownhearingofficers

CaliforniasDepartmentofFoodandAgriculturehas
responsibilityforacomprehensivepesticideprogramThis
isaprogramunderAB2461972BecausefederalOSHA
hasnotbeeninvolvedinthefieldofpesticideswehavekept
thepesticideprogramasadministeredbytheDepartment
ofFoodandAgriculturesomewhatseparatefromtheOccu
pationalSafetyandHealthProgramThepesticideprogram
oftheDepartmentofFoodandAgricultureismuchbroader
inscopethanjustworkersafetyInotherwordsittakes
intoconsiderationtheenvironmenttheconsumerandsev
eralotherissuesnotrelatedtoworkers

TheAdministrationsgoalsrelativetooccupational
safetyandhealthprogramsare

FirstToremovethefederalfieldenforcementpeople
fromthisprogramDuringthelasttwoyearswehavelived
underconcurrentjurisdiction thefederalpeoplehadre
sponsibilitiesintheoccupationalsafetyandhealthfieldand
sodidweunderstatelawTwogroupsofinspectorswere
coveringthefieldinspectingundertwosetsofstandards
aconfusingsituationforbothemployersandemployeesin
CaliforniaAsofJanuary1thefederalOSHApeoplein
RegionIXarenolongeroutinthefieldinspectingThey
haveconvertedtoamonitoringrole

NextWewanttomeetandwhereappropriateexceed
thefederalcriteria

WewishtopreserveCaliforniasexpertiseinthefieldof
occupationalsafetyandhealth

FinallyWewishtoadministerthisoccupationalsafety
andhealthprogramfairly

Thesegoalsandtheiraccomplishmentsarespecifically
directedtowardtheoverallprogramobjectivetoassureso
faraspossibleCaliforniasworkingmenandwomensafe
andhealthfulworkingconditions



RESPONSIBILITIESOFTHECALIFORNIADEPARTMENTOF

FOODANDAGRICULTURE

JohnCHillis

CaliforniaDepartmentofFoodandAgriculture
1220NStreetSacramentoCalifornia95814

TheCaliforniaDepartmentofFoodandAgriculturehas
aresponsibilityforregulatingthesaleanduseofpesticides
inthisstateThisincludesseveralfeaturessuchastheregis
trationofallpesticidesthatareofferedforsaleinthisstate
thelicensingofprofessionalapplicatorsofpesticidesand
pilotswhoareinthebusinessofapplyingpesticideslicens
ingofdealerswhosellpesticidesforagriculturaluseand
licensingofpersonswhomakerecommendationsforagri
culturalpestcontrolThenweregulatecertainpesticides
asrestrictedmaterialsrequiringpermitsforuseWeenforce
pesticideresiduerequirementsonrawagriculturalcommodi
tiesandrecentlyadoptedregulationsonworkersafetyfor
protectionofworkerswhoareexposedtopesticidesby
handlingmixingandapplyingthem

TheDepartmenthasastaffworkingthroughoutCalifor
niahowevermanyoftherequirementsareenforcedatthe
locallevelbycountyagriculturalcommissionerswhowork
underthesupervisionoftheDirectoroftheDepartment
Oneoftheimportantfeaturesofthisprogramasitrelates
tovectorcontrolworkisaprovisionintheHealthand
SafetyCodeSection2426whichauthorizestheDepart
mentofHealthtoenterintocooperativeagreementswith
localagenciesAllvectorcontrolagencieshaveenteredinto
thisagreementaccordingtoRichardFPetersoftheDe
partmentofHealthThishasimportantramificationsThe
FoodandAgricultureCodeitselfrecognizesthisrelation
shipinthatitdefinesagriculturaluseandinthedefinition
itexcludeslocalvectorcontrolagenciesthathaveformal
izedsuchagreementsItisatributetotheleadershipand
guidanceoftheDepartmentofHealthinworkingwithlocal
agencies

Whatistheimpactonthestateasaresultofdevelop
mentsatthefederallevelForsometimetheCalifornia

DepartmentofFoodandAgriculturalhasregisteredabout
10000pesticideproductsannuallyOftheseabouthalfare
notshippedoutoftheStateandthereforedonotrequire
federalregistrationTheDepartmentgenerallyhasused
federalguidelinesinregisteringtheseproductsHowever
withthenewamendmentstotheFederalInsecticideFun

gicideandRodenticideActFIFRAthatbecameeffective
in1972allproductsmustbeFederallyregisteredafterOc
tober1974Inadditionthestatescannotrequireanydif
ferentlabelingorpackagingThiswillhaveaconsiderable
impactinCaliforniasinceuptonowabout5000products
havebeenregisteredonlybytheStateInadditionunder
thelawtheDepartmenthasgrantedauthorizationfor
useofpesticidesinspecialinstancesinconflictwiththe
labelTheDepartmentwillnolongerhavethisauthority
afterOctober1974Thenewlawdoesauthorizestatesto
registerpesticidesforspeciallocalneedsiftheyhavebeen
grantedauthoritybytheEnvironmentalProtectionAgency
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EPAandiftheusesinvolvedhavenotbeencancelledby
EPACalifomiawillseekauthoritytograntregistrations
underthisprovisionoflawattheappropriatetime

AnotherfeatureofthenewFederallegislationis
theprovisionforcertificationofapplicatorsthelaw
requiringcertificationofcommercialandprivateappli
catorsThefullimpactofthisnewrequirementwill
notbeknownuntilweknowhowEPAplanstoclassify
pesticidesTherehavebeenconsultationswiththestatesin
discussingplansforclassificationofpesticidesWehaveseen
draftsofplansbutwedonotknowyethowtheywillbe
finalizedItisexpectedthattheywillbepublishedinthe
federalregisterwithinthenextfewmonthsHowevereven
afterweseetheplanwewillnotknowthefullimpactbe
causeitwilldependonhowtheschemeisactuallyapplied
toagivenproduct

ThenewlawauthorizesstatesifapprovedbyEPA
toenterintothecertificationofapplicatorsandCali
forniaplanstoenterintothisprogramWearevery
muchinterestedinthestandardsforcertificationof

applicatorswhichwerepublishedonFebruary221973
Probablytherewillbemanypesticidesclassifiedforrestrict
eduseandtherewillbemanypeopleinCaliforniaseek
ingcertificationunderthesenewrequirementsThelawalso
referstothetrainingofpeopleforcertificationForsome
timewehavebeenworkingwiththeAgriculturalExtension
ServiceoftheUniversityofCaliforniaindevelopingtraining
programsforpersonswhoareintendingtobequalifiedas
pestcontroladvisersunderstatelawTheUniversityof
Californiahastakentheleadershiptodevelopthesetraining
programs therearecoursesbeingpresentedatdifferent
levelsbystatecollegescommunitycollegesandbythe
AgriculturalExtensionServiceitselfFederalsupportfor
thesetrainingprogramshasbeensoughtandwearelooking
forfederalfinancialsupporttoassistusTrainingisavery
expensiveactivityandrequiresextensiveresourcesWework
closelywithEPA theRegion9officehasbeenveryre
sponsivetotheneedsofCaliforniaandhashelpedobtain
informationfromtheWashingtonheadquarters

WorkerssafetyisanimportantissueinCaliforniaThere
hasbeenahistoryofconcernforprotectionofworkersfor
manyyearsAbout1962theStateDepartmentofIndus
trialRelationsintheDivisionofIndustrialSafetyadopted
generalsafetyordersrequiringmedicalsupervisionofwork
ersexposedtohighlytoxicorganicphosphatepesticides
TheseregulationswerealsoconsideredintheDepartment
ofAgricultureregulationsgoverningrestrictedmaterialsand
governingcommercialapplicatorsHoweverduringthepast
fewyearswithgreaterconcernforthehighlytoxicpesti
cidesandalsowiththegreatermilitancyofagricultural
labortherehasbeenrenewedattentioninthestatelegisla
turefortheprotectionofworkersThisresultedinnewleg
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islationin1972AssemblyBill246Theserequirements
areincorporatedintheDepartmentofFoodandAgri
cultureCodeThelawdeclaresthatitisnecessaryto
provideforthesafeuseofpesticidesandforsafework
ingconditionsforfarmworkerspestcontrolapplicators
andotherpersonshandlingstoringorapplyingpesticides
orworkinginoraboutpesticidetreatedareasThelawre
quiresthattheregulationsthataretobedevelopedarethe
mutualresponsibilitiesoftheDepartmentsofHealthandof
FoodandAgricultureTheyaretobepromulgatedbythe
DepartmentofFoodandAgricultureTherequirementwas
madethattheseregulationsweretobeestablishedbythe
firstdayofthelegislativesessionof1974January7

TheDepartmentofHealthmadeitsrecommendationsto
theDepartmentofFoodancAgricultureApublichearing
washeldandregulationswereadoptedonJanuary7These

WHATPRICEREGULATION

RichardFPeters

CaliforniaDepartmentofHealth
BureauofVectorControlandSolidWasteManagement

714PStreetSacramentoCalifornia95814

Thissessionwasconceivedinordertoputintobetter
perspectivewhathasbecomeaverybewilderingemergence
ofregulationasawayoflifeinafieldofpublicservicethat
hasheretoforeenjoyedonlylimitedregulationThereare
differentlevelsofassociationbetweenfederalandstategov
ernmentsandlocalprogramsthroughoutthiscountryand
elsewhereinthewesternhemisphereInCaliforniavector
controlwehaveexistedinarelativelyregulationfreestate
localrelationshipsinceorganizedmosquitocontrolbegan
in1915Oldtimersmayrecallthatthewayoflifeofmos
quitocontrolinthedistantpastwasessentiallydrainage
watermanagementfillingthediscreteemploymentofmos
quitoeatingfishandsupplementalrelianceondieseloil
orotherpetroleummaterialsSomehowacombinationof
theseapproachesmanagedtobringaboutareasonablede
greeofmosquitopreventionandcontrolThenin1946
wegotintothismodernmiracleinsecticideeraandanew
controltechnologybeganinwhichinsecticidescouldbe
superimposedupontheenvironmentbothonwaterandon
surfaceswheremosquitoeswereexpectedtoalightandfor
manyyearsobtainedonthisbasisveryeffectivecontrol

Butconcurrentwiththisdevelopmentinmosquitocon
trolagriculturebegantoexpressitselfwithanevenmore
affirmativeuseofpesticidesItisprobablethatmanyofthe
moreprofoundmanagementandpreventiveprinciplesof
agriculturealsoyieldedtotheabundantpresenceofthe
moderninsecticidesThenwefindourselvessuddenlycon
frontedwithevidenceofenvironmentalpollutionofoccu
pationalhazardsandtoBorneextentactualrelateddeaths
andinjuriesThentheecologymovementappearedinwhich
manyoftheproponentsdidnotevenknowhowtospell
thewordandthepoliticiansheardclamorsfor wemust

dosomethingwemusttakedrasticactionwemustprevent

regulationscausedquiteareactionandthereweremany
personswhoaskedforfurthertimetocommentonthem
AsaresultthehearingswillbereopenedinMarchIntheir
presentformtheyestablishmanyrequirementsforem
ployeesafetyTheyspecifythemaximumnumberof
hoursapersonmayworkinhandlingthesematerials
theyrequiremedicalsupervisiontheyprovideforre
entryintervalsforenteringcertaincropswhichhavebeen
treatedwithcertainpesticidesManypersonsareverycon
cernedbecausetheybelievethereistoobigaburdenplaced
ontheemployerWehavehadmanycommentsfromvector
controlagenciespointingoutthatcertainfeaturesarediffi
culttocomplywithandsomehavesuggestedthatvector
controlagenciesbeexemptedentirelysincetheyareinthe
cooperativeagreementwiththeDepartmentofHealthAll
statementsfiledwiththeDepartmentwillbegivencareful
consideration

thispollutionfromcontinuingNowwehavebecomeno
longerpartofamiracleinsecticideera weareaboutto

startonaregulationera regulationtotheextentthatif
wedonotexpresssomedegreeofconcernandobjection
beforeitgetstoobigitcoulddwarfallofthetechnological
successesofthepastandleaveuswonderingaboutthe
future

IspeakasamemberoftheCaliforniaDepartmentof
Healthwishingtoputintoperspectivethefactthatthere
arebonafideneedsforpesticidesuseddiscretelyincon
junctionwiththeregulationofpesticideabusesInCalifor
niavectorcontrolwehaveenjoyedwhatIwouldcalla
goodunderstandingwithlocalagenciesinwhichenforce
mentassuchhasneverbeennecessarytotheextentthat
wehaveeverhadtocalltotheattentionofanygoverning
boardyouarenotdoingyourjobproperlyThisisa
poweroftheCaliforniaDepartmentofHealthifindeedthe
publicisatriskfromabuseoflocalresponsibilityInstead
overtheyearswehavedevelopedaworkingrelationship
withlocalcontrolagenciesinvolvinganaffirmativeprogram
oftrainingbyourVectorControlSectionwhichhasbeen
willinglyrespondedtobythemembersoftheCalifornia
MosquitoControlAssociationCMCAFormanyyears
evenbeforeEPAevenbeforecertificationmandateswere
inprospectanunderstandinghadbeenreachedbetween
ourVectorControlSectionandtheCMCAthatcertification

wasinevitablenecessaryanddesirableToproveitwehave
alreadyannouncedthatonApril51974astatewidecerti
ficationexaminationwillbeheldforeverypractitionerof
mosquitocontrolinCalifornia welloverayear almost

ayearandahalf beforetheEPAmandaterequiressuch
certificationtobeineffectIdobelievethisconnotesno

apprehensionaboutoperatorsafetyandnoapprehension



aboutmosquitocontroltechnologybecausethisprogram
asplannedcontemplatesnotonlyanexaminationonhow
tousepesticidesproperlywithrespecttotheenvironment
tomantolivestocktowildlifeandtooperatorsafetyit
alsocontemplatesusingpesticidesintheirproperrelation
shiptophysicalandbiologicalmethodsofcontrolWebe
lievethatinourstatewideprogramwecannotuseinsecti
cidesdisregardingotherrelationshipspossibleadverse
impactsandsideeffects

Wehavecometothispointnotbecauseofregulations
butbecauseofaprogramconvictionThishasalsobeen
characteristicoftheAmericanMosquitoControlAssocia
tionAMCAaswellasoftheCMCAManyyearsago
RobertLVannoteandothersintheAMCAdevelopeda
FishandWildlifeManagementMosquitoPreventionControl
CoordinatingCommitteewhichwasdedicatedtotheposi
tionthatfishandwildlifemanagementandmosquitopre
ventionandcontrolwerenotinconflictbutwerepartof
thesamepackageastheyrelatetohumanendeavor

IthardlyneedsmentionthatwhenIrepresenttheCali
forniaDepartmentofHealthandadvocatepesticideusage
sincemyDepartmenthasalreadybeenidentifiedasthecon
sultiveagencyonhowtoregulateeffectiveavoidanceof
personalinjuryandmortalitybothtooperatorandtothose
associatedwithsideeffectsofpesticideusagethatvector
controlcouldneversurvivewithinourownDepartmentif
indeedourcooperativeagreementfailedtoheedthehealth
parametersinthismatter

Atthispointmosquitoandothervectorcontrolfinds
itselfintheawkwardpositionofbeingcaughtupinacom
prehensiveregulatoryprogramwherewefeelthatsome
acknowledgmentneedstobemadenottotalexception
butrecognitionoftheaffirmativeaspectsofaprogram
thathasbeencontemplatingtheconditionsandsituations
requiringregulationforadecadeormoreSomeofthemos
quitoabatementpeopleareweighingatthispointwithre
sistancetoinsecticideshavingnowlimitedtheireffective
nesswhetherornottheyareindeedsubjecttotheregula
toryprovisionsofthenewprospectivesafetyregulations
Tobeginwithoneofthepowersofthemosquitoabate
mentactandahealthstatuteatthatisthatadistrictmay
takeallstepsnecessarytoobtainthecontrolofmosqui
toesTheimplicationistoprotectthepublicagainstmos
quitobornediseasesandthedeterrentimpactofmosquito
peststonormallivingIsthisstatuteinitselfiethis
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chargetranscendenttosomeoftheotherconsiderations
thatarenowcomingintoexistenceasprimaryconsidera
tionstopublicwellbeingAlsointermsofthelevelof
pesticideuseinmodernmosquitocontroltechnologythe
amountoftimewhichacontroloperatornowspendsin
applyinginsecticidesisoftenlittleornonethroughoutthe
dayinasmuchassurveillance thefindingoflarvaetocon
trol istheprimarytaskTheamountoftimeengagedin
sprayingafterfindingthemisanextremelysmallpartof
thetotalworktime

Inresponsetothecurrentregulationsunderdevelop
mentwithintheDepartmentofFoodandAgriculturea
surveywasmadewithintheCMCAastowhatwouldbethe
financialimpactofmeetingtheregulationsasoriginally
proposedThereturnsrepresentingdistrictsrangingfrom
severaloperatorsto60manoperatorsshowanexpected
increasedcostrangefromseveralhundreddollarsupto
severalhundredthousanddollarstoimplementthefacility
equipmentandmaterialschangesrequiredAttheJanuary
41974hearingcalledbytheCaliforniaDepartmentof
FoodandAgricultureIrecommendedthatlocalCalifornia
vectorcontrolagenciesbeexemptedfromfullcompliance
withtheoperatorsafetyregulationsasproposedThesefacts
wouldseemaprofoundbasisforfavorablyconsideringthis
recommendationAllvectorcontrolagenciesinCalifornia
uselessthanhalfof1ofthetotalstatewidepesticidesap
pliedannuallymosquitocontrolpesticidedosagerates
amountto510ofthoseusedinagriculturetheoperator
safetyrecordinvectorcontroloverthepastquartercentury
isexcellentpesticideusageinCaliforniavectorcontrolis
drasticallydecliningannuallyinlargepartduetoresistance
topesticidesandtheexistenceofacomprehensivecooper
ativeagreementbetweentheCaliforniaDepartmentof
Healthandalllocalvectorcontrolagenciespertainingtoall
aspectsofvectorcontrolThisrecommendationrecognizes
theneedtoaddonlythoseappropriateandapplicableregu
lationscontainedintheCaliforniaDepartmentofFoodand
Agricultureproposaltothecooperativeagreementwithen
forcementtobecarriedoutbytheDepartmentofHealth
VectorControlSectionOtherwiseadirectrelationshipon
allaspectsofvectorcontrolbetweentheCaliforniaDepart
mentofHealthandallthelocalvectorcontrolagenciesin
CaliforniawouldnolongerexistSucharelationshiphas
provenveryeffectiveinthepastitscontinuationisrequest
edbyallthelocalagenciesconcerned



PANEL DEVELOPMENTSINWORLDWIDEVECTORCONTROL ANOVERVIEW

ThebylawsoftheAmericanMosquitoControlAssocia
tionAMCArevealtheidealisticspiritandscientificeduca
tionalpurposesoftheAssociationtopromoteresearchon
andcontrolofmosquitoesandrelatedsubjectsandtodis
seminateknowledgethereonthroughouttheworldSpecific
definitionsofthepurposesandtypicalactivitiesappearin
theoriginalArticlesbywhichAMCAbecameincorporat
edinNewJerseyin1948MosqNews8491andinthe
revisedArticlesforreincorporationin1974

InitiallytheimpactofAMCAupontheworldwidepro
gramswassmallbutasthisAssociationgrewitspublication
MosquitoNewscametoberecognizedandreadwherever
intheworldscientistsarecombattingthemosquitoesPro
gressinthealtruisticpurposesofAMCAhasnotbeenrapid
norhasitbeeneasyHoweverthroughtheextraordinary
effortsofitsmembersithasbeenpossibletooffertothe
worldtheknowledgegenerouslyprovidedbyitsmembers
whichisthegreatestassetofAMCA

Themalariaeradicationprogramwhichbegan17years
agoisthemostextensivemosquitocontrolprogramor
publichealthdiseasecontrolprogrameverundertakenby
mankindItisunparalleledinitsgeographiccoveragethe
meansemployedandthenumberofpeopleprotected

Itisstilloperationalin92countriesonthefiveconti
nentsbutatthepeakofisoperationcovered120coun
triesTenyearsagoitwasestimatedthatmalariaeradica
tionwouldcostover2billionThenitwasprotectingover
onebillionpersonsdirectlyandmorethan60000tons
ofDDTpowderswereusedannually

DDTwasthenasnowthelifelineoftheprogrambut
manydevelopmentshavesincetakenplaceTotalcoverage
residualsprayingoftheinsideofhouseswithDDTcaused
adrasticdropinmalariatransmissionwhereveritwasap
pliedbutgraduallyshowedsignsofinadequacyandweak
nessfirstinareaswhereelusivevectorsplayedanimpor
tantroleinthetransmissionofmalariaandlaterwhere

vectorsbegantodeveloptoleranceandresistanceTheprob

Introduction ThomasDMulhern

AmericanMosquitoControlAssociation
5545EastShieldsAvenueFresnoCalifornia93727

ANOVERALLREVIEWOFTHEWHOPROGRAMOFMOSQUITOCONTROL

ANTIMALARIAPROJECTS

HARafatjah

WorldHealthOrganization
PlanningandProgramDevelopmentDivisionofMalariaandOtherParasiticDiseases

GenevaSwitzerland
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Therehavebeenobstacles forexamplethelanguage
barrierSomedayMosquitoNewsmaybetranslatedinto
severallanguagesThemailhasbeendistantandsometimes
slowandunreliableDifferencesineconomicstandardsand

ratesofexchangehavesometimesbeenverygreatMany
yearsagoHarryHStagetriedtoovercometheeconomic
barrierbyfoundingtheGoodNeighborClubwhich
helpedgreatlyinintroducingMosquitoNewsintosome
countriesIn1969theimmenselyusefulWorldWideCom
mitteewasformedandisbecomingincreasinglyactiveAs
developingresistancebymosquitoestochemicalcontrolis

severelylimitingvectorcontrolinwidelyseparatedpartsof
theworldAMCAanditsWorldWideCommitteeareable

andreadytohelp andcouldwellbecalledupontoserve
asthevehicletocoordinatetheneedsfortechnicalknow

ledgewiththeimmenseresourceofhighlycompetentper
sonnelwhomakeupthisAssociation

lemofresistancecouldbeovercomebyusingotherresidual
insecticidestemporarilyinsomecasesbuttheexophily
andexophagyofvectorAnophelinescouldnotandaradi
calchangeinthemethodologyofcontrolofmosquitoeswas
needed

Asearlyas1956somemalariaeradicationprograms
asinJordanhadtoresorttosourcereductionandoiling
inadditiontoDDTsprayingtocontrolAnophelessergenti
andAsuperpietusBehavioristicchangesinsomevectors
andtheiravoidanceofsprayedsurfacesrequiredspecial
strategyandnewtechniquesinmosquitocontrolopera
tions

In1964theWorldHealthOrganizationbeganavast
programofinvestigationsandstafftraininginantimalaria
measuresotherthanresidualsprayingFirstprioritywas
giventoantilarvaloperationsandthelatesttechniques
materialsandequipmentusedinthefieldwerereviewed
Thosefeasibleforapplicationinmalariaprogramswere
selectedandgraduallyintroducedfirstintrialsandthenin



fieldoperationsSeniorstaffweresentonobservationtours
oftheUnitedStatesofAmericasmosquitoabatementor
ganizationsandtheteachingofantilarvaloperationswas
extendedattheMalariaEradicationTrainingCenters
METCSeminarsandconferenceswereheldtotrainthe
nationalandinternationalstaffinthenewtechnologyre
quirementsoftheseoperationsandintheirplanningand
organization

THECHANGEOFSTRATEGYBy1967itwasestab
lishedthatsomecountrieshadfinancialadministrativeand
operationaldifficultiesincontinuingsuccessfulmalaria
eradicationprogramsOtherscouldnotbeginaprogramin
theforeseeablefutureThustheworldwideprogramfaced
severalalternativestocontinueandexpanderadication
measuresdespiteserioustechnicalfinancialandadminis
trativeproblemsortorelaxthetimelimitedcriteriaand
allowflexibilityinthedurationofprogramsandphases
ThelatteroptionwaschosenandtheFifteenthSessionof
theExpertCommitteeonMalaria1971recommendedthe
implementationofmalariacontrolprogramswhereeradica
tionisnotfeasible

Therevisedstrategywidenedthescopeofmosquitocon
trolmethodsemployedandalloweddiversificationofmeas
uresbasedonfeasibilitystudiesandcostbenefitrelation
shipsratherthanonpurelytechnicaljustificationsand
completeinterruptionofmalariatransmissionaspracticed
previouslyinmalariaeradication

THEPRESENTTherearenowmorethan20major
antimalariaprogramscarryingoutantilarvaloperationsin
additiontoresidualsprayingTheseareprogramshaving
technicalproblemsegvectorresistancetochlorinated
hydrocarbonsexophilyorexophagypopulationmove
mentetcTheyareplanningorusingthecombinationsof
mosquitocontrolmeasuresmoresuitabletovariousopera
tionalareas

Larvicidingwithchemicalsisatpresenttheprincipal
methodusedagainstlarvaebutotherantilarvaloperations
arerapidlygainingimportanceTheuseoflarvivorousfish
asaninexpensiveandeffectivebiologicalantimosquito
measureisexpandingOtherbiologicalenemiesarebeing
studied

ThemalariaprogramsinIranIraqAfghanistanIndia
andtheSudanhavedevelopedtheneededoperationalor
ganizationandlogisticsandaremakinglargescaleuseof
GambusiafishOtherprogramsalsoundertakesimilar
activitiesonlimitedscalesTheresultshavebeenextremely
encouragingWhereanadequatefishpopulationcouldbe
maintainedtherewasadrasticdropinthenumberoflarvae
sometimescompletedisappearanceInAfghanistanwhere
fishwereintroducedinthericepaddiesandpondsat610
fishpersquaremeterwithindaysthenumbersofApul
cherrimuslarvaewerereducedby95andweremaintained
atthatlevelfortherestofthetransmissionseasonThefew
larvaefoundweremostlyofthefirstorsecondstagesThe
costofoperationsinanareaof7500kmwith400000
populationwasreportedat002percapita

Useisbeingmadeofotherspeciesoflarvivorousfish
especiallythosenativeinsomecountriesSomaliaisinvesti
gatingdisseminationofNotobranchiusGuntherinativein
thecountryTheguppyPoeciliaisunderinvestigationin
anumberofprograms
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Becausetherearepossiblehazardsinvolvedintheintro
ductionoffishtonewareasWHOincooperationwithFAO
iscurrentlyinvestigatingsuchimplicationsandtheprecau
tionsthatshouldbetaken

Forchemicallarvicidingnewerchemicalshavereplaced
theolderonesTemephosAbateisthelarvicidemostcom
monlyusedbecauseofitseffectivenessandgreatersafety
Thesefactorsareimportantinalarvicidetobeusedwhere
thematerialisappliedinremoteareasbysemiskilled
laborersMalariaprogramsinJordanSudanandCyprusare
makinglargescaleapplicationofTemephos

EquipmentrequirementsareunderinvestigationA
numberofULVmachinesarebeingtestedforuseinrural
andurbanareasULVapplicationofpesticidesbyairplanes
hasalsobeentriedandhasbeenshowntohaveaplacein
combatingmalariaepidemicsandinproblemareas

Thesourcereductionandengineeringapproachtomalar
iacontrolhasmadelessprogressintheprogramsThereis
anacuteneedfortrainingofstaffintheseactivitieses
peciallyinareaswithwaterdevelopmentschemesandagri
culturalextensionprojects

THECOMPREHENSIVEAPPROACHTOMOSQUITO
ANDVECTORCONTROLItisgenerallyagreedthat
measuresusedforthecontrolofmalariavectorsareeffec

tiveagainstmosquitovectorsofotherdiseasesyetthishas
seldombeenexploredandpursuedorgiventheimportance
itdeservesinprogramsforthecontrolofmalariaandother
parasiticdiseasesSomeparasiticdiseasesegfilariasis
maybetransmittedbymalariavectorsandwherethishap
pensantimalariaoperationsdirectedagainstmosquito
vectorsmayalsocontrolfilariasisAlsoleishmaniasishas
beenvirtuallyeliminatedfromareaswhereresidualspray
ingwassystematicallycarriedouttocontrolmalaria

Inmanycasesaminormodificationorextensionof
methodsusedagainstonemosquitospecieswouldbeade
quatetomakethemeffectiveagainstothervectorsThere
foreitmaybefeasibletoincludesuchchangeswithout
theneedformuchadditionalresourcesTheconsequences
ofsuchanapproachapartfromitsobviouseconomical
operationalandpublichealthbenefitswouldservethe
causeofmalariacontrolandbeanaddedjustificationfor
theinitiationorcontinuationofantimalariaprograms

Abroadenedconceptofcomprehensivemosquitocon
trolcanbeappliedtothecontrolofvectorsandintermedi
atehostsofparasiticdiseasesThecausativeagentsofmajor
parasiticdiseasesaretransmittedbyanumberofarthropods
ortheymaypasspartoftheirdevelopmentinotheranimals
Severalspeciesoffliesmosquitoesfleasbugscrustacea
andmollusksareinvolvedasvectorsorintermediatehosts

Thecomplexityofselectingcontrolmeasuresthatwould
yieldcommonbenefitsandeffectivenessthereforecanbe
visualizedAcloserreviewhowevershowsthatsomecon
trolmeasuresusedagainstmosquitoesareinfactdirectly
effectiveagainstothervectorsorintermediatehostsResid
ualsprayingusedagainstmosquitovectorsprovedeffective
againstTriatomabugsthevectorofChagasdiseaseAmeri
cantrypanosomiasisSimilarlyotheroperationsused
againstmosquitoesareequallyeffectiveagainstthesnails
whicharctheintermediatehostsofschistosomiasisThere

areoccasionswheretwocontrolmethodsmaybecombined
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andappliedinoneoperationsuchaslarvicidesandmollus
cacidesusedincombinedapplicationThesemoresophisti
catedapproachesrequireacarefulstudyofthelifecycles
oftheintermediatehostsandvectorsconcernedandofthe

THEWORLDHEALTHORGANIZATIONSPROGRAMAGAINSTMOSQUITOVECTORS
OFDISEASEOTHERTHANANOPHELES

INTRODUCTIONAsidefrommalariamosquitoesare
vectorsofanumberofotherdiseasesofpublichealthim
portanceTheWHOhasthereforeundertakenextensive
programsofresearchontheecologyandcontrolofthese
mosquitovectorsandinadditionhasoperationalprograms
forthecontrolofsomeofthem

FILARIASISIthasbeenestimatedthatthereare

200000000personsintheworldinfectedwithBancroftian
filariasisinmostofAfricathevectorsofthisdiseaseare
AnophelesgambiaeandAfunestusOntheEastAfrican
coastandinurbanareasthroughoutthetropicsthemain
vectorisCulexpipiensfatigansExtensivemunicipalvector
controlprogramshavebeendevelopedbymanycountries
againstthismosquitoduetoitsbeingavectoroffilariasis
andbecauseofitsimportanceasapestManyoftheearlier
programsfailedduetoalackofadequateinformationon
thebiologyinsecticidesusceptibilityandmosteffective
meansofcontrolTheWHOestablishedaFilariasisResearch

UnitinRangoonBurmain1962andforeightyearscarried
outaprogramofresearchDnthebionomicsofCpfati
gansandfieldtestednumerousinsecticidesagainstthis
speciesAmethodofcontrolwasdevelopedwhichhas
hadahighdegreeofefficiencyandismoreeconomical
thanmostmunicipalvectorcontrolprogramspreviously
inexistenceTheOrganizationisnowseekingtointro
ducethismethodologyintootherurbancentersand
demonstrationshavealreadybeenperformedinDares
SalaamRangoonandBangkokwhileothersareplanned
forotherlargecitiesinthetropicsAnactiveprogramof
fieldtestingofnewerinsecticidesagainstthisspeciesisnow
beingcarriedoutattheOrganizationsVectorandRodent
ControlResearchUnitinJakartaIndonesia

ActiveCpfatiganscontrolprogramsassistedbythe
OrganizationhavebeencarriedoutinSriLankaBurma
Thailandandelsewhere

NormanGGratz

WorldHealthOrganization
VectorBiologyandControlGenevaSwitzerland

localoperationalandecologicalconditionsWherepossible
thecombinedapproachwillbeconsideredtofacilitatecon
troloperationsandsimplifyorganizationalandmanpower
needsTheresultingsavingsmaybeimportant

AEDESVECTORSOFARBOVIRUSESAedesaegypti
isthevectorofatleasttwoextremelyimportantarboviruses
invariouspartsoftheworldieyellowfeverdengueand
thedenguerelatedhaemorrhagicfeverThisspecieshas
beenresponsibleforsevereurbanepidemicsofyellowfever
inthewesternhemisphereandsincethelate1940shas
beenthesubjectofahemispherewideeradicationcampaign
thathassucceededineliminatingthemosquitoesfrom
numerouscountriesandterritoriesinthewesternhemishere

Thisprogramhasbeenimpededbythedevelopmentofin
secticideresistanceandthereintroductionofresistant

aegyptiintoareaswhereithaspreviouslybeeneradicated
Furtherresearchisbeingundertakenoncontrolmethodsto
overcomesuchrecurrences

ExtensiveresearchhasbeencarriedonattheWHOAedes

aegyptiResearchUnitinBangkokThailandonHaemor
rhagicFeverinSoutheastAsiaBasedontheecologicaland
insecticidestudiesatthisUnitmethodsweredevelopedfor
alongtermeffectiveandeconomicmethodofcontrolling
thebreedingofaegyptiandforanumberofproceduresfor
controllingepidemicoutbreaksofDengueHaemorrhagic
FeverbyULVapplicationsagainsttheadultmosquitoes
Additionaltestsarebeingcarriedoutonnewtypesofequip
mentandnewinsecticidesattheVectorandRodentCon
trolResearchUnitinJakartaIndonesiaandincollabora
tionwithnationalgovernments

InAfricawhereAedessimpsoniisoneofthemostim
portantvectorsofyellowfeverWHOsponsoredcollabora
tiveULVaerialapplicationtrialshaveshownthatitispos
sibletoobtainrapidcontrolofthisspeciesforbriefperiods
whennecessaryduringepidemicoutbreaksofdisease

TheOrganizationhasanextensivecomputermapping
programoftheStegomyiasubgenustoassistnationalgov
ernmentsindeterminingwhereAedesbornediseaseislikely
tooccur
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BRIEFHISTORICALBACKGROUNDTheUS
AgencyforInternationalDevelopmentanditspredecessor
agencieshavebeenassistingnationalmalariaprogramsin
developingcountriessincetheearly1950sAssistancehas
beenintheformofcommoditiesinsecticidesvehicles
sprayequipmentlaboratoryequipmentetctechnical
advisoryservicesincludingfulltimetechnicaladvisorsand
shorttermconsultantslocalcurrencysupportandtrain
ingfellowshipsSince1958AIDhassupportedWHOinits
worldwidemalariaeradicationeffortsAtthepeakofAID
participationintheworldwidemalariaeradicationprogram
theAgencywasprovidingapproximately70technicalad
visorsonafulltimebasisin26countriesandwasproviding
commodityassistancetoanadditional10countriesIn
1966AIDreachedanagreementwithHEWCDCwhereby
CDCcarriedouttheresponsibilitiesofthemalariaeradica
tionprogramonbehalfofAIDIn1969theDirector
GeneralofWHOpresentedareportReexaminationof
GlobalStrategyofMalariaEradication Thisreportrecog
nizedtheseriousproblemsofachievingeradicationofma
lariaincertaincountriesandrecommendedstrategyreviews
oftheprogramstodeterminetheneedforrevisingthema
lariaeradicationstrategyonacasebycasebasisIn1970
AIDannouncedapolicyofmultilateralizationoftechnical
advisoryservicesThispolicywasbasedonthepremisethat
forapproximately20yearsbothAIDandWHOhadbeen
providingtrainingfellowshipsfornationalmalariapersonnel
inthefieldsofmalariologyepidemiologyentomology
healtheducationadministrativemanagementandlogistics
aswellasthetechniquesofmalariaeradicationItwascon
sideredthatsincetheindividualcountrieshadanadequate
cadreofprofessionallytrainedpersonnelandthatWHO
wouldcontinuetoprovidetechnicaladvisoryservicesitwas
notnecessaryforAIDtodosoIntheperiodsincethe
announcementofthispolicyAIDhasreduceditstechnical
advisorypersonneloverseasfrom50technicianstothe
presentnumberoffiveadvisorsinthreecountries

Thispolicyofmultilateralizationwaswidelymisinter
pretedtomeanthatAIDwaswithdrawingitssupportfrom
theworldwidemalariaeradicationeffortThiswasnotthe

intentandaclarificationandrestatementofpolicywas
issuedinJulyof1973Thepertinentpointsareasfollows

TheUSGovernmentsupportstheWHOglobalstrategy
ofmalariaeradicationIntheimplementationofUSsup
portundertheforeignassistanceprogramcurrentAID
policyplacesemphasisonthefollowing

1Countrieswhichdemonstrateawillingnesstohelpthem
selvesbyprovidingwhateverresourcestheyhaveavaila
bletocarryouttheprogram

2Realisticassessmentofassistedprojectstoobtaina
sharperdefinitionofthosetargetswhichcanbereason
ablyexpectedtobereachedwithinatimelimitedeffort
andthosewhicharelikelytobedelayedduetoadmini
strativetechnicalorpoliticalproblems

AIDPOLICYONMALARIA

EdgarASmith

OfficeofHealthTechnicalAssistanceBureau
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3Retentionofmalariaeradicationastheultimateobjective
forprojectswhichmeetandmaintaintheminimum
WHOandAIDconditionsasexpressedbytheFour
teenthWHOExpertCommitteeonMalaria1968andin
conformancewiththeTwentysecondWorldHealthAs
semblyresolutiononmalaria1969

4Maintenanceoftheoptiontosupportmalariacontrol
activitieswhereprojectsdonotcurrentlymeeteradica
tioncriteriaiftheeconomicsocialorpoliticalvalueof
theprojectmeritssupport

5Promotionofmultilateralizationoftechnicalservices

throughencouragingassistedgovernmentstorequestad
visoryservicesfromWHOwhileeffectinganorderly
withdrawalofUSscientificadvisorytechnicians

6Continuationofsupportinthecontextofforeignassist
ancepolicytoresearchcommoditieslocalcostsand
evaluationcooperationwithotherUSagenciesand
WHOinassistingmultilateralizationoftechnicalser
vicesandconsiderationofinterimprovisionofstaff
assistanceinmanagerialareaswhereWHOmaynotbe
abletoprovidesuchstaff

7TheAIDOfficeofHealthTechnicalAssistanceBu
reauTAHhasanoverallcentralresponsibilityforde
velopmentofAIDpolicyformalariaeradicationand
assuringitsimplementationTAHhasadirectresponsi
bilityforAIDcentralsupporttomalariaresearchpro
jectsAssistancetothecountryprojectsisimplemented
throughtheAIDRegionalBureauswithtechnicalback
stoppingfromtheOfficeofHealth

Undera1970MemorandumofUnderstandingbetween
AIDandHEWtheCenterforDiseaseControlofthePublic
HealthServiceworkeddirectlywithAIDincarryingoutthe
responsibilityforthemalariaeradicationprogramThisre
sponsibilityincludedprovisionofstaffexpeditingcommod
ityassistanceplanningandparticipatinginevaluationsand
providingheadquartersbackstoppingfortheseactivities

ThisMemorandumofUnderstandingwhichestablished
AIDHEWrelationshipswasterminatedJune301973and
onJuly11973AIDresumedtheresponsibilitiesformerly
delegatedtoHEWCDCrequiredtocarryoutcurrentAID
policyonmalaria

CRITERIAFORCONSIDERINGASSISTANCETO

COUNTRYMALARIAPROGRAMSAIDassistanceto

countrymalariaprogramswillbeconsideredwhen

1Thecountrydemonstratesitsowninterestandconcern
formalariathroughtheprovisionofanadequatebudget
andstafftocarryouttheprogram

2ThereisacriticalneedtoprotectasubstantialUSin
vestmentintermsofgainsalreadymadeoraneedto
preventmalariafrombecomingadeterrenttoother
countrydevelopmentprograms
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3Thecountryprovidesamalariaplanwhichistechnically
administrativelyandfinznciallysoundandisbasedon
anAIDreviewoftherecommendationsofajointWHO
LDCevaluationteam

4Availableresourceswithinthecountryhavebeenmobil
izedandavailableexternalsourcesofassistancehave

beenexplored

CURRENTINVOLVEMENTOFAIDINMALARIA

AOperationalPrograms

AIDgrantfundsarestillbeingusedinNepalandHaiti
Howeverinbothcountriestheseareineffectterminal

grantsastheprogramsarebeingconvertedtogeneral
healthcommunicablediseaseprogramsAIDloanfunds
arestillbeingutilizedtosupportcountrymalariapro
gramsinEthiopiaBrazilParaguayEcuadorandthe
CentralAmericancountriesWiththeexceptionof
Brazilalloftheseloanseitherhaveterminatedorare
nearterminationbutAIDhasacontinuingresponsibility

forevaluationoftheseprogramsLoanstoprovidesup
porttothemalariaprogramsinIndonesiaandPakistan
arecurrentlyunderconsiderationinWashingtonAjoint
AIDWHOstrategyreviewoftheThailandmalariapro
gramisplannedforthenearfuture

BResearch

AIDsprimarythrustinmalariaresearchliesinsupport
oftheMalariaImmunityandVaccinationprojectunder
contracttotheUniversityofNewMexicoAIDisalso
supportingthroughtheNationalAcademyofSciences
aworkshopontheDevelopmentandProductionofa
HumanMalariaVaccineAIDissupportingaresearch
projectwithDrRobertMetcalfoftheUniversityof
IllinoisonDevelopmentofBiodegradableDDTInthe
fieldofpesticidesAIDisalsosupportingthroughWHO
aresearchprojectfortheDevelopmentofFenitrothion
asanalternativetoDDTInthefieldofmosquitocon
trolAIDissupportingaresearchprojectontheDevelop
mentofGeneticControlofAedesaegyptiundercontract
withtheUniversityofNotreDame

WORLDWIDESURVEILLANCEOFAEDESAEGYPTI

AWABrown

WorldHealthOrganization
GenevaSwitzerland

Nearlythreequartersofacenturyafterthediscovery
thatyellowfeverwastransmittedby4edesaegyptiepi
demicsofthevirusdiseasesthatthissynanthropicspecies
ofmosquitotransmitsarestilloccurringThe1969outbreak
ofyellowfeverininteriorWestAfricainvolvingatleast
60000casesinfivecountriesandthe1971outbreakof
dengueinnorthernColombiainvolving416000casesare
instancesofthecontinuingrecrudescenceofthisvector
problemNowthatepidemicsofdenguehaemorrhagicfever
arerunningatabout1200caseswith300deathsperyear
inThailandandarespreadingtoMalayaandIndonesia
andduringaperiodwhenCentralAmericancountriesare
battlingwithreinfestationsofItidesaegyptiitisclearthat
acontinuingandworldwidesurveillanceofthedistribution
anddensityofthisvectorisreallyneeded

Recordsoftheoccurrenceanddistributionofthisspecies
commencedin1901whenHowardhadidentifieditas
StegornyiafasciataFabriciusIn1920itwasreidentified
byDyarascedesaegyptiLinnaeusandtherecordsofits
occurrencetodatewereiollectedunderthisnameby
Kumm1931Thefirstdeterminationsofdensitywere
madebyConnorandMonroe1923inSouthAmerica
theyintroducedtheHouseIndexthepercentageofhouses
thatarepositiveforthespeciesandtheContainerIndex
thepercentageofwaterfilledcontainersfoundpositive
forthelarvaeBreteau1954workinginFrenchWest

PresentaddressDepartmentofEntomologyMichiganState
UniversityEastLansingMichigan48824

AfricaintroducedwhatisnowknownastheBreteauIndex
thenumberofpositivecontainersper100houses

AsweallknowthelarvaeofAaegyptitypicallydevelop
insmallbodiesofcleanwatersimilartothosewhichfilled
thetreeholeswhicharetheirnativehabitatinAfricaStores

ofdrinkingwaterareexcellenthabitatsegthelarge
ceramicjarsofsoutheastAsiatheearthenwarepotsof
AfricaandthewatercasksofsailingvesselsThediscarded
metalcontainersofthesocalleddevelopedsocietiessuch
asdrumstincansandbestofalloldtiresarefertileout
doorbreedinggroundsInmakinganaegyptisurveyupto
50dwellingsaretakeninanylocalityandeverypotential
breedingsiteonthepremisesoutdoorandindoorisex
amined

In1966theFrenchOverseasScientificandTechnical

ResearchOrganizationcommencedwiththesupportof
WHOsurveysofthedensityofaegyptiandrelatedStego
myiaspeciesinthenewcountriesoffrancophoneWest
AfricaSubsequentlyWHOpromotedsurveysinvarious
partsoftheeasternhemispherebymeansofContractual
TechnicalAgreementswithMinistriesofHealthbysending
consultantstostrategicareasandbystaffmembersofthe
severalVectorResearchUnitsthatitwasestablishingin
certaincentersThusfromallsourcessome12000records
havebeenaccumulatedwithnewaccessionsrunningbe
tween1and2thousandperyear

Theobjectivebeingthecollectionandsubsequentdis
seminationofthisneededinformationinreadilydigestible
formadvantagewastakenofthecomputeratWHOhead



quartersforaccessionstoragecomputationandprintout
Theprintoutdecideduponisintheformofmapson
whichthepresenceorabsenceorthedensityisindicated
ateachplacesurveyedbyasinglesymbolThuswith
respecttodistributiontherearerecordsofthedisappear
ancethereappearanceandeventhefirstappearanceWith
respecttodensitytheindicesdeterminedwhichmaybe
oneormoreofthethreetypesofindexalreadymentioned
arereducedandaveragedtoadensityfigureonthescale
from1to9

Themannerinwhichconversionfactorswereobtained

fromoneindextoanothersothatadensityfigurecould
beobtainedbasedessentiallyontheBreteauIndexisas

followsThe172assessmentsrecordedfromvariousplaces
by1971whereallthreeindiceshadbeensimultaneously
determinedweregroupedintonineclassesaccordingtothe
magnitudeoftheirBreteauIndexTable1Thentheaver
ageHouseIndiceswereplottedagainsttheaverageBreteau
IndicesFigure1andtheaverageContainerIndiceslike
wiseFromthecurvessoobtainedtheHouseIndicesand

ContainerIndicesequivalenttoBreteauIndicesof51020
355075100and200canbereadoffThusatablewas

constructedforninedegreesofinfestationninedensity

90

BO

40

7

10

17

20

BreteauIndex

Breteau Number

Index Samples
SizeClass inClass

I 5

610

1124

2549

5074

7599

100149

150199

200

17

17

18

23

21

18

21

14

23

37

28

35

Figure1HouseIndexplottedagainstBreteauIndexaverageforninesizeclasses

Table1AverageHouseContainerandBreteauIndices
foreachofnineSizeClassesoflodesacppiiinfestation

Average
House

Index

3

7

16

30

42

57

64

73

82

figuresagainstthecorrespondingrangesofthethreein
dicesTable2

Theindicesfoundatanylocalityareenteredonacom
puterformalongwithitscoordinatesoflatitudeandlongi
tudetothenearestminuteThecomputerprintsoutthe

49

75

59

100

100

Average
Container

Index

2

4

8

15

24

34

34

34

46

76

200

Average
Breteau
Index

4

8

18

37

62

88

122

170

324

21
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Table2Thedensityfigurescorrespondingtothelarval
Indicesfound

Density
Figure

House

Index

1 13

2 47

3 817

4 1828

5 2937

6 3849

7 5059

8 6076

9 77

Container Breteau

Index Index

12 1 4

35 5 9

69 1019

1014 2034

1520 3549

2127 5074

2831 7599

3240 100199

41 200

densityfiguresinmapformonarectangularratherthan
anequidistantprojectionWheremorethanonekindofin
dexhadbeendetermineditanyoneassessmentthecom
puterprintsouttheaverageofthetwoorthreedensity
figuresindicatedWheremanyassessmentshavebeenmade
atanyoneplacethecomputerisinstructedatpresentto
printonlythehighestfigureRecordsofmerepresenceof
aegyptiaremarkedwithaPearlyrecordswithanEand
recordsofabsencewithanXInordertoavoiddenseaggre
gationsoffiguresincertainareasoftheprintoutinthe
interestsoflegibilitythoserecordslocatedinthesame
squareof3minutessideatetakenasreferringtothesame
placeThecomputerprogramwasdrawnupbyMrB
SlettaoftheDataProcessingunitatWHOheadquarters

ThefiguresforAedesaeareprintedoutonascale
of15milliononarollofcomputerpaperthesectionsare
thencutoutandmountedonwhitebristolboardsanda
transparencywiththecountryboundariesisplacedover
themAtotalof34mapsarethusmadefortheEastern
Hemisphereandarereproducedonareducedscaleof18
milliontoformabrochure

IfoneexaminesthemapincludingmostofWestAfrica
Figure2itmaybeseenthataegyptidensityfiguresof
fiveandabovearefoundinsoutheasternMaliwestern
UpperVoltanorthernGhanasouthwesternNigernorth
ernNigeriaandsouthernTogoandDahomeyThisdensity
correspondingtoaContainerIndexof30ormoreanda
BreteauIndexof50orhigherconstitutesafocusofinfes
tationPichonetal1969whichonthebasisofexperience
inthe1965epidemicinSenegalChambonetal1967can
beexpectedtopropagateanurbanyellowfeveroutbreak
shouldtheinfectionenterfrommonkeyreservoirswhich
mightbepresentinthecountrysideSimilarhighindices
aretobefoundinnorthernCamerooncoastalGabonin
LuandaAngolaandinwesternSenegalOfthe11fociof
infestationmentionedabovesixhavebeenthesiteofYF

epidemicseitherin1969cr1971InEastAfricaonthe
otherhandtheaegyptiindicesarealmostuniversallygen
erallylowwithnotableexceptionsinaveryfewvillages

OverinSoutheastAsiaextremelyhighindicesaretobe
foundintheMekongdeltaandaroundtheGulfofThailand
adensityfigureofninebeingusuallyfoundinthetowns
andvillagesthereInthePhilippinesthesefiguresareusual

lysixtoninewhilefiguresoffourtoeightarefoundin
northernThailandCambodiaandwestMalaysiaThese
areashavebeenthesiteduringthepast20yearsofepi
demicsofdenguehaemorrhagicfeverDHFtransmittedby
AaegyptidensitiesofgradefourHouseIndex15
BreteauIndex22haveprovedsufficientinSingaporeto
engenderconcentrationsofDHFcasesChanetal1971
Whilethisvectorisfortunatelynowscarceinnorthern
BorneoTaiwanandAustraliaitisbecomingmoreabun
dantintheislandsoftheSouthwestPacificwithdensity
figuresapproximatingsixItisalsofortunatethatatpre
senttheyellowfevervirusisnotfoundeastoftheAfrican
continent

ProceedingwestwardsinAsiadensityvaluesaround
threearefoundinBangladeshandeasternIndiawhile
infestationsaresporadicinwesternIndiaandscarcein
southernIndiaSriLankaandPakistanAcrosstheAtlantic
intheCaribbeanareainfestationsofdensityfigure45
HouseIndices2147werepresentinJamaicain1970
whileinAlabamain1964itwasfoundthat23outof64
townshadadensityoverthreeHouseIndexmorethan
10ThisistobecontrastedwiththesituationinColombia
in1922wheremostHouseIndiceswereinexcessof50
densityfigure79

InAfricathepopulationsofAaegyptibreedinginthe
foreststownsandvillagesproduceadultswhicharejet
blackwithwhitestripesandthesehavebeendescribed
assubspformosusIncertainoftheportsandcoastalsail
boatsadultsarefoundwhichareorangeincolorthisform
whenencounterednearBrisbanewasdescribedasqueens
landensisBothoftheaboveformscoexistincertainvillages
ofsoutheasternTanzaniaandcoastalKenyaqueenslanden
sisbreedinginthehousesandformosusinthesurrounding
vegetationOfthetwoformsthedomesticqueenslandensis
hasbeenfoundbyolfactometertesttobethemuchmore
anthropophilicofthetwoItiscommonlyencounteredin
MauritiusandtheSeychelleislandsalongtheArabiancoast
andfromSudansporadicallyacrosstheinteriorofWest
AfricatoGambiaInAsiaandAmericatheprevalentform
ismahoganyincolorspecimensofthisformweretaken
fromKualaLumpurMalaysiabyMattingly1962asbeing
thetypeformtypicustoconstituteaneotypeofAedes
aegyptiLthisbeingnecessarybecausetheoriginaldes
criptionpublishedbyHasselquistin1672wasobviously
ofthecommonpalaearcticspeciesAedescaspius

TheworldwidesurveillanceofWHOextendstoother

closerelativesofaegyptiinthesubgenusStegomyiaAedes
africanusluteocephalusandmetallicuskeeptheyellow
feverinfectiongoingamongmonkeysthefirstspeciesin
therainforeststhesecondextendingfarthernorthinto
thesavannaandthethirdwithamoreeasterndistribution
inAfricaAedessimpsoniwhichbreedsinthewaterfilled
axilsoftropicalplantssuchasbananasandcocoayamswas
animportantvectorofyellowfeverinthegreatYFepi
demicof196062inEthiopiaAedesvittatuswithadistri
butionextendingfromtheAtlanticcoastofAfricato
SoutheastAsiaisavectorbreedinginrockholesitisnot
uncommonindomesticcontainersinIndiaAedesalbopict
uswhichextendsfromMadagascartoJapanisanimpor
tantvectorofdengueandDHFintheOrientalzoogeo
graphicalregionbreedinginferalruralsitesItisnow
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spreadingintotheAustralianzoogeographicalregionnor
mallyoccupiedbyspeciesoftheAedesscutellariscomplex
whicharevectorsofdengueonthePacificislands

Theprincipalvector4edesaegyptireacheditshigh
watermarkofdistributioninthe1930sFigure3when
itextendeduptoitsbioclimaticlimitsofthe10CJanu
aryisothermorjustnorthofitintheNorthernHemi
sphereandthe10CJulyisothermintheSouthernHemi
sphereThusitscontinuousandyearrounddistributionhad
extendednorthtoNorfolkVaandCairoI11withlocal
oroccasionalinfestationsinlocalitiesextendingtoStLouis
andBostonwhileoccurringinSanFranciscoandeven
coastalBritishColumbiaInfestationswerepresentaround
theMediterraneanontheBlackSeacoastandacrossto
BakuontheCaspianandincertainportsontheBayof
BiscayInSouthAmericacegyptihadpenetratedalmost
totheheadwatersoftheAmazonandParanariversystems
anditscoastaldistributionextendedsouthtoBuenosAires

andValparaisoIntheFarEastithadextendednorthto
southernJapansouthtoAustraliaandfurthereasttothe
mainPacificislands

Thisspreadcouldbedetectedonceitsimportanceasa
diseasevectorwasrealizedandawatchwaskeptforits
arrival HongKong1902BucaramangaColombia1909
HaiphongNVietnam1915SantaCruzdelaSierra
Bolivia1916In1903theonlyinfestedlocalitiesinwest
MalaysiawereSingaporeandPortSwettenhamwhileby
1955allthetownsbutnotallthevillagesoftheMalayan
peninsulawereinfestedAlltheevidencepointstoaspread
ofthisspeciesofAfricanoriginwhichstartedwithsailing
shipsdatingfromthePortugueseexplorationsofthe15th
centuryandlaterwiththeslavetradeontheeastwest
MiddlePassagefromWestAfricatotheCaribbeanandthe
AtlanticstatesandyetlaterwiththeEastAfricanslave
tradeofthe19thcenturyoutofZanzibarOncearrivedat
thenewportsthespecieswouldbespreadinlandalongthe
linesofcommunication

FollowingontheabatementofAedesaegyptiinthe
coastalcitiesoftheAmericasduringthefirst20yearsofthe
20thcenturywhichwassufficienttoeliminatetheurban
fociofyellowfeverthecontrolextendedtothehinterland
duringthe1930sthearrivalofDDTin1945madeitpos
sibletoaimattotaleradicationofthisvectorThuseradica

tionwasachievedfromBoliviaby1948fromallBrazilby
1950fromEcuadorPeruChileUruguayandParaguayby
1955andfromArgentinaby1959InCentralAmerica
eradicationwasachievedfromPanamaCostaRicaand
Nicaraguaby1955andfromElSalvadorGuatemalaand
Hondurasby1957ItwasalmostachievedinMexicoA
UnitedStateseradicationprogramstartedinPuertoRico
theVirginIslandsandFloridain1964butwasdiscontinued
in1968

DuringthisperiodpracticallyalltheCaribbeanislands
remainedinfestedalongwithnorthernColombiaVenezuela
andtheGuianasandtheUnitedStatesnorthtoTennessee
andNorthCarolinaBetween1965and1971reinfestations

appearedinMexicoElSalvadorGuatemalaPanamaand
ParastateofBrazilspotreinfestationsinBuenosAiresand
EscuintlaCostaRicawerepromptlyeliminatedThemajor
sourceofthesereinfestationswastheimportationfrom
infestedareasofusedtiresinwhichtheeggsofaegyptican
surviveforatleastayear

Ifwecomparethedistributionmapforthe1970s
Figure4withthatforthe40yearspreviouslyitcanbe
seenthatinadditiontoitseliminationfrommostofSouth

AmericaAaegyptihasalsodisappearedfromtheMediter
raneanareatheonlyrecentrecordsbeingAlgiersinthe
1950sandDesenzanonorthernItalyin1971Thespecies
hasapparentlydisappearedfromEgyptcleardownto
DjiboutibeyondthesouthernendoftheRedSeaIthas
beeneliminatedfromHongKongtheRyukyuislandsand
southernJapanfromtheMascareneislandsandfromOahu
amongtheHawaiianislandsamongtheAtlanticislands
theAzorestheCanariesandBermudaarenowfreeof
aegypti

Ontheotherhandinadditiontoincreasingindensity
onthePacificislandsoftheNewHebridesNewCaledonia
andtheSocietyIslandsAedesaegyptihasextendedits
rangeamongtheSolomonIslandsandElliceIslandsduring
WorldWarIIandappearedonNiueforthefirsttimein
1972Whenonealsoconsidersthehazardsofreinfestation

ofliberatedterritoriesitisclearthatacontinuingsurveil
lanceofthedistributionofthisvectorisessentialInview

oftheincreasingprevalenceofdengueintheCaribbean
andofDHFinsoutheastAsiaitisalsoessentialthatthis
surveillancebemadeintermsofvectordensityIfbysome
mischancethevirusofyellowfevershouldgainafoothold
inAsiaorOceaniathissurveillancealongwithcontrol
operationscouldbecomeofcrucialimportance
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Federalspendingandfederaltaxes thelinkisas

inescapableasdeathandtaxes ortoquotethewordsof
thesongaboutloveandmarriagetheygotogetherlike
ahorseandcarriage youcanthaveonewithoutthe
other Andyoucantcutonewithouttheotherinspite
ofthepieintheskysuggestionthatallwehavetodoto
slashtaxesistoplugthetaxloopholes

Allgovernmentscombinedspent410billionlastyear
AccordingtoTaxFoundationIncofNewYorkfederal
stateandlocaltaxcollectionsforfiscal1973willbethe

equivalentof5070perAmericanhouseholdIn1960the
totaltaxfigurewas2400perhouseholdthisrepresents
anincreaseof2670orover100in13years

Estimatesofthetotaltaxbitefromtheincomeofthe

averageAmericanvaryfrom36to40 withtheFederal

sharevariouslyestimatedaslowas20orashighas25
Thebreakdowninestimatedfederaltaxesfortheyearend
ingJune301974isasfollows

PersonalIncomeTax

CorporationTax
SocialSecurityTaxes
ExciseTaxes

Allotherrevenue

1180
430

663

171

256

TotalFederalTaxes 2700

Totalbudgetreceiptshaveincreasedfrom1127billion
forfiscalyear1964toanestimated265billionforfiscal
1974Thenewbudgetwhichhasjustbeensubmittedis
3044billion

Itisnoaccidentthatduringthissameperiodbudget
spendingprioritiesoftheFederalgovernmenthaveshifted
Forexamplein19654186ofeach100theFederal
governmentspentwasusedfornationaldefense625was
usedforcommerceandtransportation2170wasusedfor
theincomesecurityfunctionand5875wasusedtopay
interestonFederalsecurities

Todaythenationaldefensebudgetisestimatedat30
adramaticreductionwhileincomesecurityhasincreased
toanestimatedhighof3051 ajumpofalmost9 pri
marilyintrustfundactivities oldageandsurvivorsin
surancefederalemployeesretirementunemploymentand
railroadretirementetcPublicassistanceandgrantsfor
socialservicesarethemajorFederalfundsprogramsac
countingforabout19oftotaloutlaysfortheincome
securityfunctionTrustfundsaccountforabout81of
theseoutlays

Theeducationandmanpowerfunctionshavebeenin
creasingsteadilyfrom193in1965tomorethan4in
totaloutlaysforthelastthreeyearsThehealthfunction
hasincreasedfrom14oftotaloutlaysin1965tomore

than8estimatedforfiscalyear1974Budgetfunctionsof
communitydevelopmentandhousinghaveincreasedinre

TAXES LOCALSTATEANDFEDERAL

DelClouson

UnitedStatesCongress
23rdCongressionalDistrict2349RayburnHouseBuilding

WashingtonDC20515

billion

billion

billion

billion

billion

billion1970
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lationtototaloutlaysfortheperiodwithcontinuedannual
deficitfinancingalsointerestonthenationaldebthasac
celeratedInterestisnowthesecondlargestitemofthe
budget

Onefactorwhichmakestheproblemofcontrollingboth
thesizeandcompositionofFederalspendingparticularly
acuteisthefactthatfuturebudgetincreasesarelikelyto
beconcentratedinthecategoriestermedrelativelyuncon
trollable

InMarchof1967PresidentJohnsonappointedaCom
missiontostudytheFederalbudgetconceptsandpresenta
tionsInOctoberofthatyeartheCommissionrenderedits
reportrecommendingthatthebudgetbepresentedona
singleunifiedbasistherebyeliminatingthethreebudget
conceptsemployedpreviouslytheAdministrativebudget
theconsolidatedcashbudgetandtheNationalincomeac
countbudgetThismethodwasadoptedandhasbeenin
usesincetheJohnsonadministration

Theuncontrollablecategoriesincludeexpendituresfrom
socialinsurancetrustfundsveteransbenefitspublicassist
anceincludingmedicaidagriculturalpricesupportmilitary
retirementpaymentspostaloperationsrevenuesharing
operationofthelegislativeandjudicialbranchesofgovern
mentandlastbutnotleastthecostofservicingthepublic
debtThesecategoriesaccountforanestimated75of
totalspendingTheinterestburdenthisfiscalyearisex
pectedtoexceed30billionasizableobligationforthe
Americantaxpayer

Astudyofchangesinthepatternofbudgetoutlaysre
vealswhatmaybeaprogressiveshiftineconomictheory
Butuponcloserexaminationitmayprovenotsomucha
matterofeconomictheoryasofideologyanincomelevel
ingforceinfavorofgreaterpersonalincomeequalityWe
mightaskourselveswhetherwechoosetoviewgovernment
asahugemachinefortheredistributionofwealthtaking
fromthosewhohavemoreandgivingtothosewhohave
lessordowebelieveinsteadthatfreemarketforcesarethe
mosteffectivemeanstostimulateexpansionoftheeco
nomywithpresumedbenefitsreachingallormostsegments
ofsocietyTopursuethepieintheskyanalogyisthe
questionHowtoslicethepie orHowtobakeabigger
pie

Assuredlytherearemanyshortcomingsinthetaxlaw
thatneedstudyandimprovementTheyear1972wasa
yearofprolongedCongressionalhearingsandaplethora
oflegislativeproposalsbutmajordecisionsweredeferred
until1974Followinghearingsonwindfallprofitsthe
HouseWaysandMeansCommitteeisexpectedtobringfor
wardsomesignificantchangesbutpredictionsonthenature
ofthereformsvary

Theanswersarefarmorecomplicatedthanmostspokes
menformereloopholeclosingclaimIfweaccepttheobvi
ouslinkbetweenfederalspendingandfederaltaxesandif
weruleoutalternativessuchasthevalueaddedtaxim



posedbyotherindustrialnationsweareleftwithseveral
otherpossiblealternativessomewithselfevidentdraw
backsIncometaxcouldbeboostedorasurtaximposedto
produceneededrevenueCongresscouldsubjectsomeof
themajornowprotectedformsofpersonalincometothe
fullimpactofthetaxratescheduleinamovetowardde
velopingacomprehensivetaxbaseCongressmightallow
thelargeannualdeficitsthathaveprevailedtocontinueinto
thefuturepermittingthemtobecomeafixtureofthe
federalfiscalsystemthroughthe1970decadewithinevita
bleinflationaryimpact

Orattentioncanbegiventoalteringtherelationship
ofthefederalgovernmenttostateandlocalspendingpro
gramsTheproliferationofgrantsinaidprogramspleases
nooneFederalrevenuesharingreturnssomemoneyto
stateandlocalgovernmentsButingeneralstateandlocal
governmentsmustmoveinthedirectionofassumingmore
ofthetaxloadandthedifficulttaskofredistributionif

thisisthegoalInmyopinionthepublicinterestisbest
servedwhenthetraditionalandmoreresponsibleroleof
governmentrequirestheofficialstoraisetherevenuethat
theywilleventuallyspendResponsibilityistooeasily
shiftedwhenthisfunctionisdivided

LeadershippronouncementsinbothHousesofCongress
during1973makeitclearthatincometaxreformwillbea
majorgoaloflegislativeeffortsHoweverfinalactionmay
fallshortofannouncedaimsandcouldbemuchlesssigni
ficantandextensivethanintheTaxReformActof1969

Yettheimportanceofthewayinwhichthetaxburdenis
distributedcannotbeoverratedatatimewhenfederal
stateandlocalgovernmentalrevenuesequalabout40of
totalpersonalincomeTheloadshouldnotonlybeequita

THENEWVECTORBORNEDISEASESDIVISIONBUREAUOFLABORATORIESCDC
ADHess

CenterforDiseaseControl

VectorBorneDiseaseBranchPostOfficeBox2087FortCollinsColorado80521

TheFortCollinsColoradoLaboratoriesoftheEcolog
icalInvestigationsProgramwereorganizationallytransferred
totheBureauofLaboratoriesofCDConJuly31973
StaffsfromFortCollinsandAtlantawerecombinedto

formanewVectorBorneDiseasesDivisionheadquartered
atFortCollinsDrThomasPMonathwillreportforduty
asChiefofthenewDivisioninJuly1974UntilthenDr
ArchieHesswillserveasActingChiefDrHesswillretire
fromthePublicHealthServiceattheendof1974having
reachedthemandatoryageforretirementMrDavidT
PeggwillserveasAssistantChiefforAdministrationand
DrJackDPolandwillbeChiefMedicalEpidemiologist
fortheDivision

ThenewVectorBorneDiseasesDivisionwillconduct
fieldandlaboratoryresearchontheecologyepidemiology
andcontrolofarthropodbornediseaseswillprovidecon
sultationlaboratoryservicesandepidemicaidtoState
Federalandinternationalagenciesandwilltraintechnical
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bleamongeconomicgroupsandindividualsbutalsohave
theleastharmfuleffectoneconomicgrowthandstability

Firstimposedin1913atratesfrom1to7 income

taxesrestedprincipallyononlyasmallnumberofwealthy
personsTheincometaxwasturnedfromaclasstaxintoa
masstaxduringWorldWarIwhenthelevywasextended
downwardtoreachlowerincomesItsratescaleelevatedto
between6and77 The1920ssawaseriesofreductionsin
ratescaleuntilthetrendreversedinthe30swhenthescale

climbedfrom23to94andthenumberoftaxpayersmul
tipliedtenfoldTaxcutsweresmallanditwasnotuntil
1964thatthe14to70scalewasadoptedwhichisstillin
effect

Congresscanmoreeffectivelycontroltaxesbycontrol
lingexpendituregrowthPracticingfiscalrestraintanden
actingcomprehensivebudgetcontrollegislationwhich
wouldplacethefiscalaffairsoftheFederalgovernmenton
asoundbasiswouldprovidethevehicleforsystematic
policingoftaxingandspendingprogramsSuchabillhas
passedtheHouseofRepresentativesandSenateactionis
expectedoncompanionSenatelegislation

Afterthetoughdecisionshavebeenmadewhatremains
istosortoutthespecificreformsthatmatterthemostin
termsofbothfairnessandsimplicityandtoworkoutthe
knottyproblemsofintergovernmentalfinanceThemost
immediateproblemsarethefinancesofthestatesandlocal
governmentsTaxesareheretostayWecanhopebutcant
promisethattheywillbereducedButitisinourpower
andthereforeitisourdutytohaveafairsystemoftaxation
andonethatraisesenoughmoneytoescapethecrisisaura
thathangsovertoomuchFederalstateandlocalfinance
today

andprofessionalpersonnelItwillalsoserveastheWorld
HealthOrganizationsArthropodBorneVirusRegional
ReferenceLaboratoryfortheAmericas

TheVectorBorneDiseasesDivisionwillbecomprisedof
sevenbranchesasfollows1PlagueBranchDrAllanM
BarnesChief2lmmunochemistryBranchDrDennisW
TrentChief3WaterResourcesBranchDrADHess
Chief4ArbovirusEcologyBranchDrWDanielSudia
Chief5VectorEcologyBranchDrDBruceFrancy
Chief6VertebrateEcologyBranchDrThomasP
MonathActingChiefand7ArbovirusReferenceBranch
DrCharlesCalisherChief

ItishopedthatthisneworganizationwillenableCDCto
providebetterservicesintheareaofvectorbornediseases
includingthoseassociatedwithwaterresourcesdevelop
mentThestaffoftheDivisionwillcontinuetomaintain

closeliaisonandcollaborationwithStatehealthdepartment
personnel
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Table1MosquitoescollectedfromtransectatFinneyRamerWildlifeAreaImperialValleyCalifornia197374

MONTHLYCOMPARISONSOF1973LIGHTTRAPCOLLECTIONSOF

CULEXTARSALISMOSQUITOESINAFOCUSOFWESTERNEQUINEAND
STLOUISENCEPHALITISVIRUSTRANSMISSION

Since1967investigatorsfromtheSchoolofPublic
HealthatUCLAhaveconductedresearchintoarbovirus

activityintheImperialValleyofCaliforniaFrom197072
afocusofwesternequineencephalitisandStLouisen
cephalitistransmissionwasdefinedatFinneyLakeThe
areaabout30milesnorthofMexicoissoutheastofthe
SaltonSeaThereisanormalannualrainfallofonly23
inchesandtheelevationisapproximately170feetbelow
sealevel

Usingdatafromearliercollectionstwositeslocatedin
Figure1intheFinneyRamerWildlifeAreawereselected
forstudyOnewasonaneastwestleveebetweenSheldon
PondandtheAlamoRiverHereoneCDClighttrapwith
dryiceasanattractantwassuspendedfromthetreesor
bushes4to8feetabovethegroundevery100feetThis
15traptransectwas1400feetlong

Thesecondsiteconsistedofanecotoneonthenorth

shoreofFinneyLakeInthislocaleagridofninetraps
positioned50feetapartinrowsofthreewasestablished
Theyrangedfromthedenselyvegetatedshorelinetoabluff
risingabruptly15feettotheprevailingplateaulevelofthe
ValleyfloorExceptforoneopenspaceleadingtothe
centerofthegridthesiteconsistedofadensestandof
tamarisktreesNumberedmetalplateswerepermanently
affixedateachtrapsitetoinsurepreciseplacementofthe
lighttrapduringeachmonthlycollectionperiodTheentire

Month Culexerythrothorax Culextarsalis

February
March

April
May
June

July
August
September
October

November

December

January

TOTALS

2

75

1300
4

0

0

0

40

7

1431

tAedesdorsalisA TexansAedessppCulexpipiensquinquefasciatus

2466

1016

1922

14340

29177

5247
930

1727

2086
591

836

960

61298
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FinneyRamerareaissurroundedbyvastirrigatedfieldsin
whichsuchcropsaslettucetomatoesmelonssugarbeets
andcottonarerotated

BeginninginFebruary1973andcontinuingthrough
January1974monthlytripsweremadetoascertaintrap
nightyieldtrapsiteyieldspeciesproportionsseasonal
variationandtotalnumberwithinthefocus

Thispaperreportstheinitialanalysisofthesedatawith
emphasisonCulextarsalissincethisspeciescomprised
11000092percentofthe120000mosquitoescollected

Asummaryofthetransectcollectionsispresentedby
Table1showingthetotalnumberofmosquitoescollected
InMaytheCtarsalispopulationincreasedtoitshighest
levelsbutdroppedby75percentfromJunetoJulyavery
hotperiodintheValleyCollectionnumbersbegantorise
againthroughSeptemberandOctoberbutonlytotheApril
levelCulisetainornatawasprominentduringthecooler
monthsoftheyearevenexceedingCtarsalisinMarch

Averagetrapnightvaluesonthetransectareshownin
Figure2AmarkeddropoccurredfromJunetoJulyafter
ariseinMayThetoplineofthefigurepresentstheaverage
ofthethreemostproductivetrapsitesnumbers15and6
Thebottomlinepresentsdatafromthethreeleastproduc
tivesitesnumbers78and11Thecurvesfollowasimilar
pattern

Culisetainornata OtherSpecies
1

222

1201
681

246

148

0

0

0

4

3

35

98

0

9

2

292

50

3

2

0

3

2

0

0

2638 363



Table2MosquitoescollectedfromgridatFinneyRamerWildlifeAreaImperialValleyCalifornia197374

Month

February
March

April
May
June

July
August
September
October

November

December

January

TOTALS

Culexerythrothorax Culextarsalis

0

15

6

1456
2770

486

86

40

0

4

0

4864

AAedesdorsalisA vexansAedessppCulexpipiensquinquefasciatus

Table2givestheresultsofthegridcollectionsThese
alsoshowthemarkedincreaseinCtarsalisnumbersinMay

Figure1FinneyRamerWildlifeArea

SCAT1Sa00

476

256

195

9462
9840
12121
7755

5382

2602
307

248

208

48852

Culisetainornata OtherSpecies

97

287

262

436

91

0

0

4

8

9

40

111

0

1

72

11

26

3

0

9

0

0

0

1345 123
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ThistrendcontinuedupwardtoapeakinJulyandslowly
diminishedthroughOctoberastheseasonprogressedIn
thegridCinornatanumbersexceededCtarsalisinMarch
andApril

TheaveragetrapnightyieldshowninFigure3illustrates
thedramaticincreaseinnumbersfromApriltotheJuly
peakonthegridThroughOctoberanaverageof160mos
quitoeswascollectedineachoftheninetrapsThebottom
lineistheaverageoftrapsnumbered14and7those
locatednearthebluffThetoplineshowscatchesintraps
36and8locatednearthelake

ThetwotrapnightcurvesarecomparedinFigure4
Therewasamarkedriseandfallonthetransectinthegrid
thenumbersincreasedinMayandcontinuedabovethetran
sectvaluesthroughOctober

Theaveragemaximumandminimumtemperaturesand
therangesoftemperaturesrecordedduringeachcollection
periodattheSoilConservationCenterjustsouthwestof
BrawleyrosetoapeakinJulyandthengraduallydecreased
Theaveragerelativehumidityrecordedat900amwasbe
low30percentduringcollectionperiodsinJulyAugust
andSeptember

Theauthorsattemptedtodeterminewhythetwosites
within08mileofeachotheryieldedcatchesthatwereso
differentPerhapsproximitytowaterandfavorablebreed
inghabitatadjacenttothegridandtheprotectionfrom
the100plusdegreetemperaturesamongthedensetamarisk
treesofferedconditionsconducivetosurvivalofthemos

quitoesBycontrastthetransectwasinarelativelyex
posedunprotectedsitewithariverononesidePossibly
thenumbersofmosquitoesintheMayJunetransectcollec
tionsreflectedanexcessofmosquitoproductionelsewhere
withdecreasedsurvivalasthetemperatureincreased
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FebMorAprMoy

Figure2Averagenumberofmosquitoescollectedper
trapnightfromSheldonPondtransect
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Figure4Averagenumberofmosquitoescollectedpertrapnightfromgridandtransect
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DIFFERENTIALPATTERNSOFWESTERNEQUINEANDSTLOUISENCEPHALITIS

VIRUSISOLATIONSFROMCULEXTARSALISMOSQUITOESCOLLECTEDAT
TWOSITESINIMPERIALVALLEY

TelfordHWorkMartineJozanandGaryGClark

UniversityofCalifornia
MosquitoResearchProgramSchoolofPublicHealthLosAngelesCalifornia90024

Calextarsalismosquitoeshavelongbeenrecognizedas
theruralvectorofwesternequineWEEandStLouis
encephalitisSLEvirusesinwesternUSAWhiletherela
tionshipsofthemosquitotoepidemicsofhumandisease
havebeenwellanalyzedReevesandHammon1962much
remainstobelearnedaboutthedynamicsofCtarsalisasa
virusvectorsoastomonitorthesemosquitoesasindicators
ofpotentialepidemicsandtomoreclearlydeterminewhere
andwhentoapplyvectorcontrol

InvestigationsinitiatedinAugust1967attheStateof
CaliforniaWisterWildlifeRefugeatthesoutheasternendof
theSaltonSeawereextendedtowardtheinteriorofImper
ialValleyin1970afterithadbeenestablished1that
Ltarsaliswasactivethroughouttheyearand2thatitwas
infectedandpotentiallytransmittedWEEandorSLE
virusesfromasearlyasApriluntilaslateasNovembereach
year

By1971ithadbeendeterminedthattheerratically
fluctuatingresultsofvirusvectorstudiesattheWisterRef
ugereflectedthegreatchangesinhabitatmanagementand
thatthislocaleencompassedanedgephenomenonindica
tiveofwhatwasoccurringmorecentrallyinImperialValley
Mosquitocollectionsin19711972alongafourteenmile
transectparallelingtheAlamoRiverfromtheFinney
RamerWildlifeRefugetotheSaltonSeaconfirmedthis
hypothesisandshowedthatconsistentresultsinregard
bothtomosquitocatchesandvirusisolationswereobtained
intheFinneyRamerAreasixmilesnortheastofBrawley
Thereforeitwasdecidedtointensifymosquitostudiesin
thismorestableecologicalarea

Resultsofthefirstyearsstudyofmosquitoescollected
inatransectandgridwhichweredesignedtoquantitate
habitatsiteandtrapyieldusingCDClighttrapshavebeen
reportedinacompanionpaperClarketal1974Thedata
showthatinspiteofapparentsimilarityofthetwocollec
tionareasthetrapyieldsarequitedifferentThesecon
trastsexposeprobabledifferencesinthemicroclimate
characteristicsAnalysisofthevirologicaldatabearsout
thesedifferencesbutinadifferentwayCluesastosources
andmaintenanceofvirusinfectioninCtarsalisarealso

beginningtoemerge

MATERIALSANDMETHODSPermanentlyinstalled
wirehookswithassociatednumberplatesenabledrepeti
tioussuspensionofthelighttrapsinthesameexactplaces
alongthetransectandinthegridasshowninFigure1Six
voltstoragebatteriescontainedenoughenergytooperate
thelighttrapsconsistentlyforfivetosevennightsApprox
imatelytwopoundsofdryiceinabrownpaperbagwere
placednearthelighttrapasanadditionalattractant

Aftersunrisethecatchingbagswereremovedfromthe
lighttrapsandimmediatelyplacedinstyrofoamboxeswith
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dryiceasrefrigerantOnarrivalatthefieldlaboratory
thebagsweresequentiallyemptiedintoanaluminium
containeronaslabofdryiceMosquitoeswereseparated
fromotherdebrisandtransferredtoplasticvialswhich
weretransportedondryicetoUCLAwheretheywere
storedat 70CinaRevcofreezeruntilexamination
forspeciesandpoolingThiswasdoneinenamelpansona
slabofdryicePoolswereaccumulatedinglasstubesprior
totriturationin18mlof20bufferednormalrabbit

seruminamortarThesuspensionwasthencentrifugedat
2000rpminthecoldandthesupernatantinoculatedfor
virusisolation

Asubstantialportionofeachmonthspoolswasinocu
latedintracerebrallyintosucklingmiceBecauseofthelarge
numberadditionalpoolswereinoculatedintotissueculture
fordetectionofvirusbycytopathiceffectPositivetissue
cultureharvestswerepassedICintosucklingmiceBrains
frommiceshowingpathogeniceffectswereharvestedand

Figure1FinneyRamerWildlifeArea

SCALE11a00
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suspendedintobovinealbuminphosphatesalineatpH9for
preparationofacrudeantigenTheseantigenswerethen
testedforhemagglutinationofgooseredcellsThosethat
hemagglutinatedweresubsequentlytestedatoptimumpH
withhyperimmuneasciticfluidforWEEandSLEviruses
Fourfoldorgreaterinhibitionofagglutinationestablished
theidentityofthevirusThosestrainswhichdidnothemag
glutinateinitiallywerepassedICinsucklingmiceforfurther
attempttoproduceanhemagglutininThosethatdidnot
hemagglutinatewerethentestedincomplementfixation
reactionsusingadditionalIiyperimmuneasciticfluidsfor
TurlockandCaliforniaviruseswhichhavealsobeenisolated
inthestudyarea

Theresultsreportedhereencompassalmostallofthe
virusesisolatedfromFebruary1973throughJanuary1974
Thefewremainingfordefinitiveidentificationwillnot
appreciablychangethepatternsderivednorthestatistical
conclusionsbecausetheyarefromsitesandmonthsthatal
readyprovidemostoftheisolationsreportedhereThereis
alsooneothertechnicalquestionregardingSLEvirusisola
tionsAnalysisofallthedataquestionswhethertissue
culturesareassensitiveforisolationofSLEvirusfrom
mosquitopoolsassucklingmiceThereforethenumberof
SLEisolationsreportedmayreflectlessSLEvirustrans
missionthanifallmosquitopoolswereinoculatedinto
sucklingmice
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1

00
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370

1 17

June July Aug Sept

Table1summarizesbymonthtotalCtarsaliscaught
numbersofpoolsconstitutedandnumbersofWEEandSLE
virusisolationsobtainedSofarthetotalyearscatchof
110038Ctarsalisdividedinto2423poolshasyielded
192isolates136WEEand56SLEAfewstrainsremain

understudyandwillbeaddedtothetotalswhenidentityis
certain

ThebottomlinesofTable1givethepercentageofposi
tivepoolsforWEEandSLEisolationsAlthoughinearlier
yearsWEEvirushasbeenisolatedasearlyasAprilandSLE
aslateasNovemberisolationsfromthetransectandgridin
1973appeartoberestrictedtoJuneJulyAugustand
SeptemberSLEviruswasisolatedfromasiteontheNew
RiverinImperialValleyon4April1973MagyPersonal
communication

Becauseofinterestinspecificoriginofvirusisolations
mosquitoeswerepooledbysingletrapsitesTherewere
practicalreasonswhyeverypoolcouldnotconsistofex
actlyfiftymosquitoesOccasionallythereweretoofewin
thelastlottototalfiftyortheresidueofonetrapsite
collectionexceededfiftybyseveralmoreThereforein
June690or82ofthepoolsconsistedofexactly50mos
quitoeswhile58containedmoreand94fewerthanfifty
InJuly257or72hadfifty44more55fewerInAugust
116pools61wereoffifty30moreand47fewerIn

0

Oct May

NOVIRUS

WEE

SLE

125

June

130

GRID

185

09

July Aug Sept

MONTHSOFWEEANDSLE VIRUSTRANSMISSION

0
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Figure2ComparisonofCulextarsalismosquitotransmissionofWEEandSLEattwositesatFinneyLakeImperialValley
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Septemberitwas8255 fifty21moreand46fewer
TheoverallrateforJuneJulyandAugustis76ofthe
poolsthatcontainedexactlyfiftymosquitoes

ThelowerlinesinTabk1givethepercentageofWEE
andSLEviruspositivepoolsalongwiththecalculated
minimuminfectionratesIftheformulaeofChiangand
Reeves1962areappliedthentheinfectionratesperthou
sandCtarsalismosquitoesaresubstantiallyhigherranging
from812perthousandforWEEand24forSLE

Thetrapyieldonthetransectreflectsthebimodalcurve
observedpreviouslyinImperialValleyKnudsenWorkand
Vanistobepublishedwhilethegridshowsaslowdecline
inmosquitopopulationthroughthesummermonthsFig
ure2comparesthepercentageofinfectedpoolsfromthe
transectbymonthwith10positiveinJunerisingto37
inJulyanddroppingtoalmostnoneinAugustItappears
thatwhilethereisaprecipitousdropinCtarsalispopula
tionwithinreachofthetransectthereisasubstantialin
creaseininfectionrateswithaproportionateincreasein
SLEcomparedtoWEE

50

25

0

50

25

0

50

25

ElWEE

SLE
JUNE

JULY

AUGUST

OFG 1 4 7 2 5 8 3 6 9

100FEET SHORE

TRAPSITESGROUPEDBYDISTANCE
FROMFINNEYLAKESHORE

Figure3MonthlyshiftofWEEandSLEvirusyield
fromCulextarsalisaccordingtotrapdistancefromFinney
Lake

EarlyseasonalappearanceofWEEwithasuddenpeakin
JulyfollowedbyincreaseinSLEvirushasbeenobserved
previouslyelsewhereThesedataindicatethatthereisa
sourceofinfectionwithWEEandSLEvirusesinJuneand
JulyatSheldonPondwithavirtualcrashoftheinfected
mosquitopopulationbyAugust

Ontheotherhandthepercentageofpositivepoolsin
thegridshowsasteadyincreasewithaproportionaterise
inSLEpositivepoolsInthefaceofadecreaseintotal
catchinJulyAugustandSeptemberthiscouldindicate
morefavorableconditionsforsurvivalofinfectedmosqui
toesandorcontinuedprevalenceofavirussourceforin
fectionofmosquitoespossiblywithmoreSLEviremic
vertebratesthanforWEEvirusesDisappearanceofinfected
mosquitoesbyOctobercouldreflectdepartureorimmuni
zationofvertebrateprovidersofviruswithinthesampled
habitat

Anadditionalcluetosuchanhypothesisisgivenin
Figure3whichshowsashiftinpercentagepositivepools
fromthroughoutthegridinJunetowardtheshoreofthe
lakeinAugustItshouldalsobenotedthatthereissub
stantialevidenceofWEEinthegridinAugustcomparedto
itsvirtualabsenceonthetransectasshowninFigure2
Againthismayindicatethatthesiteofmosquitoinfection
isintheaqueoushabitatofFinneyLake

Thetrapsuccessintotalnumbersofmosquitoescaught
variedsubstantiallyaccordingtositealongthetransect
Whenthepercentageofviruspositivepoolsisplottedin
Figure4theyieldofthetransectlighttrapsisrelatively
comparablewithoneremarkableexception

TransectTrap2hangsovertheAlamoRiverwitha
northernexposuretowardFinneyLakeItistheonlysite
whichisfullyscreenedbythickvegetationfromasouthern
exposuretowardSheldonPondItistheonlytrapsiteon
thetransectwhichfailedtocollectasinglepoolofvirus
infectedmosquitoesinJuneJulyandAugusteventhough
23poolsconsistingof931Ctarsalismosquitoesfromit
wereexaminedduringthatperiod

Onadarknightmostlighttrapsalongthetransectcan
bespottedfromthebluffabovethesouthshoreofSheldon
PondThisisthedirectionofscrubbushesandagricultural
fieldsahabitatinwhichcottontailsSylvalagusauduboni
andPerignathusrodentsareinsufficientabundancetobe
routinelytrappedSheldonPondisafavorablehabitatfor
cootsducksgrebesheronsandshorebirdsaswellascarp
bullfrogsandbeaver

Thisdirectsfurtherinquirytothesouthandeastasa
possiblesourceforvirusinfectedorvirusinfectionofC
tarsalis

CONCLUSIONSQuantitativedatafrommonthlycol
lectionsofCtarsalismosquitoesalongatransectbetween
SheldonPondandtheAlamoRiverandagridbetweenthe
shoreofFinneyLakeandabluffdemarcatinganaridex
pansefromatamariskhabitatconfirmsthatCtarsalismos
quitoesareactivethroughouttheyearintheFinneyRamer
WildlifeRefuge

Inspiteofincreasednumbersofmosquitoescollectedin
thewintermonthsnoisolationofWEEandSLEviruses

wereobtainedotherthaninthehotmonthsofJuneJuly
AugustandSeptember
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Distinctdifferencesbetweenthetwolighttrappatterns
wereobservednotonlyinregardtotrapnightnumbersbut
inpercentageyieldofCtarsalispoolspositiveforvirusThe
moreexposedtransectcollectionsyieldedhighinfection
ratesforWEEinJuneandJulywithvirtualdisappearance
ofvirusinAugustwhereasinfectionratesinthegridcon
tinuedtorisethroughAugustreflectingeitherlongersur
vivalofinfectedmosquitoesorcontinuedpresenceof
viremicvertebratesourcesofvirusformosquitoesinthe
adjacentaqueoushabitatofFinneyLakeorbothDetailed
studyofsuchvertebratesatSheldonPondearlyinthe
summerandinFinneyLakethroughSeptemberareindi
cated

Alsoofimportancearemicroclimatestudiesoftempera
turesandhumidityinthetwodifferentcollectinglocalities

JUNE

ND

9 10 11 12 13 14 15

JULY

2 3 4 5 6 7 8 9 10 11 12 13 14 15

FINNEYTRANSECTLIGHT TRAPSITEft
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Figure4JuneJuly1973transmissionperiodlighttrapsiteyieldofWEESLEvirusesfrompoolsofCulextarsaliscol
lectedonFinneytransect

Notonlyhavethedatacollectedsofarclearlyestablished
differencesbetweentrapsuccessandviruspositivemosquito
poolyieldbetweenthesetwositeswhichareonlyhalfa
mileapartclueshaveappearedastowheretolookforthe
sourcesofvirusthatareingestedbyCtarsalismosquitoes
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VECTORCOMPETENCEOFCULEXTARSALISINRELATIONTO

FUTUREENCEPHALITISCONTROL

JamesLHardyandWilliamCReeves

UniversityofCalifornia
SchoolofPublicHealthEarlWarrenHallBerkeleyCalifornia94720

VectorcompetencestudiesconductedinCaliforniadur
ing1972and1973havedemonstratedconclusivelythata
singlemosquitospeciesLulextarsaliscanvarygreatlyin
itssusceptibilitytoinfectionwithwesternequineenceph
alomyelitisWEEvirusThesevariationsinvectorcompe
tencewereobservedwhencolonizedandfieldstrainsof

Ctarsaliswerefedeitheronviremichostsoronpledgets
soakedwithamixtureofWEEvirusdefibrinatedblood
andsucroseAseasonalvariationinvectorcompetence
wasfoundforCtarsaliscollectedatmonthlyintervals
duringthesummerof1973alongPosoCreekinKern
CountyPreliminarystudieshavesuggestedthattheability
ofinfectedmosquitoestctransmitWEEvirusalsomight
vary

ABSTRACT

Theseresultshavemadeusreviseourthinkingonvector
competenceandtoconsidergeneticaswellasnongenetic
variablesthatmightaffecttransmissioncyclesofenceph
alitisvirusIfsusceptibilityofCtarsalistoinfectionwith
arbovirusesisgeneticallycontrolledthenpotentiallythe
geneforviralsusceptibilitycouldbeintroducedintosus
ceptiblefieldpopulationsofCtarsalisalongwithchromo

somaltranslocationsSuchadualintroductioncouldpro
videageneticbasisforcontrolofvectorpopulationsand
encephalitisThesealternatemechanismsforcontrolof
insectvectorsandthediseasestheytransmitneedtobe
evaluatedinviewoftheincreasedgeneticresistenceofthe
vectorstochemicalinsecticides

AEIES111FLANIMONASAVECTOROFWEEVIRUSINCALIFORNIA

JamesLHardyandJamesPBruen

UniversityofCalifornia
SchoolofPublicHealthBerkeleyCalifornia94720

ABSTRACT

Ecologicalstudiesonwesternequineencephalomyelitis
WEEvirusintheSacrarnentoValleyrevealedthatWEE

viruswasmaintainedduringthesummerbytwoseparate
butintrarelatedtransmissioncyclesoneinvolvedCuter
tarsaliswildbirdsandjackrabbitsandtheotherinvolved
ledesmelanimonandjackrabbitsTheexistenceofthese
transmissioncycleswasdocumentedbyWEEviralinfection
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ratesinfieldpopulationsof7tarsalisand1melanimon
hostfeedingpreferencesofthe2mosquitospeciesand
WEEviralantibodyprevalencesinwildbirdsandmammals
Experimentalinfectionstudiesdemonstratedthat1melan
imonwasacompetentvectorofWEEvirusThisisthe
mostconclusiveevidencetodatetoindicatethat1melan

imonmightbeanimportantvectorofWEEvirusinCali
fornia



VECTORHOSTASSOCIATIONSOFAEDESTRIVITTATUSANDTHEIR

IMPORTANCETOTHENATURALHISTORYOFTRIVITTATUSVIRUSINIOWA

RobertRPingerJrandWayneARowley

IowaStateUniversity
DepartmentofZoologyandEntomologyAmesIowa50010

ThefeedingpatternsofAedestrivittatuswerestudied
todeterminethepossiblevertebratehostsofTrivittatus
virusincentralIowaAntiseraforprecipitintestswere
preparedinrabbitsexceptforananticottontailserum
whichwaspreparedinchickensOfthe590bloodmeals
tested409693 wereofrabbitorigin

Ofthe77mammalseracollectedfromthesamearea
21hadneutralizingantibodiesagainstTrivittatusvirus
including10of22serafromeasterncottontailrabbits
Resultsfromserologicalandhostpreferencestudiessupport
ahypothesisthattheeasterncottontailrabbitSylvilagus

IntensivestudiesweremadebytheWorldHealthOrgan
izationJapaneseEncephalitisVectorResearchUnitduring
19701972ontheecologyandcontrolofdemonstrated
andpotentialmosquitovectorsofJapaneseencephalitis
inTaiwanCulextritaeniorhynchusCannulusCfusco
cephalusandCpipiensfatigansweretheprincipalspecies
studiedDatarelatingtooneormoreofthesespecieswere
collectedandanalyzedwithreferencetoseasonalabun
danceMitchell Chen1972ahostfeedingpatterns
MtichellChen Boreham1972insecticidesusceptibil
ityMitchell Chen1972bcontrolbychemicals
MitchellChen Okuno1972susceptibilitytoinfec
tionbyaparasiticnematodeMitchellChen Chapman
1972seasonalinfectionrateswithJEvirusOkuno
MitchellChenWang Liu1973andvectorpotentialas
determinedbyexperimentaltransmissionstudiesOkuno
MitchellChenHsu Ryu1973

1ThesestudieswerecarriedoutundertheauspicesofVector
BiologyandControlWorldHealthOrganizationGeneva
2FormerlyProjectLeaderJapaneseEncephalitisVectorRe

searchUnitWHOTaipeiCurrentaddressDepartmentofEnto
mology322BriggsHallUniversityofCaliforniaDavisCalifornia
95616

ABSTRACT

floridanusisimportantasavertebratehostofAtrivittatus
andisprobablyimportantinthemaintenanceofTrivittatus
virusincentralIowa

SentinelrabbitsplacedinthestudyareainMarch1973
convertedtoseropositiveforTrivittatusvirusbyJune27th
Trivittatusviruswasisolatedfromabloodclotcollected

fromoneoftherabbitsonJune20thadatenearlycoin
cidingwiththefirstadultpopulationpeakofAtrivittatus
Theassociationbetweenearlyseasonalvirusactivityand
thefirstbroodofAtrivittatussuggeststhepossibilityof
virusinAtrivittatus

ECOLOGICALANDCONTROLSTUDIESONJAPANESEENCEPHALITIS
VECTORSINTAIWAN

CarlJMitchell

ABSTRACT
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PROGRESSREPORTONTHEHEMOGLOBINCRYSTALLIZATIONTECHNIQUETO

STUDYMOSQUITOBLOODMEALIDENTIFICATION

MLBirchandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

Thehemoglobincrystallizationtechniqueforidentifying
hostbloodmealssuccessfullyyieldedcrystalsfromsome
speciesofrodentsrabbitscarnivoresandruminants

Modificationsfromthepreviouslydescribedmethodwere
reportedAlthoughphylogeneticallydistinctgroupsgener
allydepictadifferentcrystalmorphologyacommonform
isoftenfoundwithineachgroup

Thecatalogueofcrystaltypesiscontinuouslybeing
enlargedAconcentratedeffortisbeingmadeonprimate
andbirdbloodsbecauseoftheirinvolvementintheepide
miologyofarbovirusesandmalariaCrystalsfromthesetwo
groupsaredifficulttoobtainbutgenerallyformifthe
preparationsarekeptat4Candareleftuptofourdays

Extensivefieldcollectingwasdoneinaneastwestdirec
tionfromeasternIowaacrossNebraskaintosoutheastern

WyomingandnortheasternColorado434separatesamples
weretakenfrom199differenttreeholesresultinginatotal
of2976larvaepupaeandadultsFivespecieswere

lUniversityofNebraskaatOmahaDepartmentofBiology
OmahaNebraska68101

2WaccamawRegionalPlanningCouncilGeorgetownSouth
Carolina 39 29440

ABSTRACT

Crystalsobtainedfromtheknownhostbloodmeals
usuallyofAedesaegyptiwerefoundtobeidenticaltothe
wholebloodsampleAseriesofslidestakenaftervarious
periodsofdigestionfrom4aegyptifedonguineapig
indicatedthatthecrystalsretaintheircharacteristicform
butbecomesmallerwithdigestiontimeTheywereidenti
fiableasguineapigcrystalsupto48hoursafteringestion

CulexpipiensAnophelesfreeborniandAedessierrensis
haveallgivenpositiveresultsusingguineapigashostIna
preliminarytesthoweverpositiveresultswereobtained
withapheasanthostforCpipiensbutnotforAaegypti

Ourtechniquethoughstillinanearlyphaseofdevelop
mentpresentsaninexpensiveandusefulsupportivemeth
odforbloodmealidentification

EASTWESTDISTRIBUTIONOFTREEHOLEMOSQUITOESINNEBRASKA

SteeleRLuntandGeorgeEPeters

ABSTRACT
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collectedAedeshendersoniCockerellwasfoundalongthe
entirecollectingrouteAedestriseriatusSaywasfound
onlyinIowaandtheeasternhalfofNebraskaOrthopodo
myiasigniferaCoquillettwasfoundat10widelysepara
tedsitesinIowaandtheeasterntwothirdsofNebraska

OrthopodomyiaalbaBakerwascollectedfromonesitein
IowanewstaterecordandthreesitesineasternNebraska
newstaterecord4nophelesbarberiCoquillettwascollec
tedfromsevensitesinIowaandtheeasterntwothirdsof
Nebraska



SOMEFACTORSINFLUENCINGPRODUCTIONOFPESTMOSQUITOES

INTUCSONARIZONA
JohnLMcDonaldandGarySOlton

ThemosquitoproblemsofArizonaarescatteredspo
radicanddiscontinuousinalmosteverysenseSomepeo
plehavelivedinArizonafor35or40yearswithouthaving
asinglemosquitobiteManyofthemosquitoproblemsin
Tucsonareessentiallyconfinedto1areasnearwashes
andditcheswhichholdwaterafterrains2cattlefeeding
areasorhorsestableswherewateringtroughsarerarely
emptiedandmosquitobreedingisnearlycontinuous3ir
rigationareaswherepoorlymaintainedditchesorsidepools
formmosquitobreedingsitesand4urbanandruralareas
whereoverwateringcausesstandingwaterandsubsequent
mosquitobreedingsites

ThisinvestigationofthemosquitofaunaoftheTucson
areawasmadetoprovidedataconcerningtheecological
conditionswhichpromoteorpreventmosquitoproduction
inthisrapidlyexpandingurbanareaTheprimaryconsider
ationswereambienttemperaturerainfallandsubsequent
mosquitocomplaintcallsreceivedbythevectorcontrol
officeofthePimaCountyHealthDepartmentinTucson

Figures13showthatmosquitocomplaintsreceivedby
thePimaCountyHealthDepartmentweremostabundant
inthemonthsofJunethroughOctoberIn1971the
numberofcomplaintscloselycoincidedwiththeincidence
ofsummerrainsaftermaximumtemperaturesrecordedfor
thatyearwerereachedFigure1In1972thenumbersof
mosquitocomplaintswerefollowedwiththeoccurrenceof
unusuallylongandheavysummerrainsbutnotthefall
rainsProbablythiswasinpartduetohightempera
turesduringtheJulyrainsandcoolertemperaturesinOcto
berwhenthelaterheavyrainsoccurredFigure2In1973
thenumberofcomplaintswasgreatestduringthesummer
rainsTheunusuallyheavyrainsofFebruaryandMarch
coincidedwithcoolertemperaturesfailingtoproducesig
nificantmosquitocomplaintsFigure3

1ThisresearchwassupportedinpartbytheOfficeofNavalRe
searchMicrobiologyProgramNavalBiologyProjectundercontract
NoN0001474C0017NR306097

2GraduatestudentDepartmentofEntomologyUniversityof
ArizonaTucsonArizona85721

3AssistantProfessorandAssistantEntomologistDepartmentof
EntomologyUniversityofArizonaTucsonArizona85721
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Figure1PimaCountyHealthDepartmentmosquito
complaintsfor1971versustemperatureandrainfallofthat
year

Thesedataindicatethatmosquitocomplaintsandpro
ductionofmosquitoesinTucsonoccurmainlywhenperi
odsofhighsummertemperaturesandheavyrainfall
coincide
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ADDITIONALRECORDSOFCULICINEANDCHAOBORINEMOSQUITOESFROM
THEMOUNTAINSOFARIZONAANDNEWMEXICO

TheodoreAWolffLewisTNielsenandJayHLinam

NielsenWolffandLinam1973reportednewdistribu
tionalrecordsofsnowpoolAedesmosquitoesfromArizona
andNewMexicoandcitedpertinantliteratureContinued
investigationsduring1973haverevealedthreeadditional
newstaterecordsofculicinemosquitoesAedesincrepitus
DyarinArizonaandAcinereusMeigenandCulisetaimpa
tiensWalkerinNewMexicoaswellasadditionaldistribu
tionaldataonotherspeciesInadditionthechaoborines
ChaoborusamericanusJohannsenEucorethraunderwoodi
UnderwoodandMochlonyxspLoewarereportedforthe
firsttimeinNewMexico

AedesincrepituswascollectedinApacheCountyAri
zonaVI6738500ft1milenorthofGreeralongatribu
taryoftheLittleColoradoRiverinapartiallyshadedover
flowpoolsurroundedbywillowsThelarvaewereassociated
withAimplicatusandApullatus

PreviouslywereportedAcinereusfromConejosCounty
ColoradojustnorthoftheNewMexicoborderandstated
thatAcinereusundoubtedlyoccurredinNewMexico
Nielsenetal1973Thepresentreportofthisspecies
fromRioArribaCountyChamaNewMexicoVI111973
7860ftconfirmsthepresenceofAcinereusinNew
MexicoMaturelarvaeandpupaewerecollectedinapar
tiallyshadedpoolcontainingheavygrowthsofsulphur
bacteriaAssociatedwithAcinereuswerelarvaeofCuliseta

incidensCinornataAimplicatusandApullatus
CulisetaimpatiensfemaleswerecollectedinRioArriba

CountyNewMexicoVI919739250ftbitinginthe
forestinthevicinityofTroutLakesAssociatedbiting
adultswereCincidensCinornataandAcataphylla

AedesfitchiiwhichhadbeenpreviouslyknowninAri
zonaonlyfromtheNorthRimoftheGrandCanyon
RichardsNielsenandRees1956wasfoundtohavea
muchwiderdistributioninthatstateAdditionallarval

collectionsofAfitchiiwerefoundinseveralpoolsinsouth
easternArizonainApacheCounty1015milesEastof
McNaryonHighway260VI6197388009050ftAll
weresemipermanentpoolsinmountainmeadows

AnextensivesurveyoftheWhiteMountainareain
ApacheCountyrevealednumeroussitescontaininglarvae
ofsnowpoolAedesInApacheCountyatHighway473
andtheNorthForkoftheWhiteRiverV719737850ft
inpoolsfedbymeltingsnowandstreamoverflowwefound
AcataphyllaAimplicatusandApullatusAlongHigh
way273whichrunssoutheastthroughtheWhiteMoun
tainstoAlpinewefoundnumeroussnowpoolscon
taining4cataphyllaandApullatusV719738500
9500ftOnthesamedatewealsofoundseveralcontaining
AimplicatusandApullatusintheHannaganRecreational
areainGreenleeCounty90009500ft

1DepartmentofBiologyUniversityofUtahSaltLakeCity
Utah84112

2DepartmentofBiologySouthernColoradoStateCollege
PuebloColorado 81001
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InMayof1973weinvestigatedthefollowingmoun
tainousareasatelevationsabove7500ftsouthwestof
FlagstaffthroughCoconinoandNavajoCountiesthePin
alinoMountainsinGrahamCountytheSantaCatalina
MountainsnearTucsoninPimaCountytheChiricahua
MountainsinCochiseCountySuitablehabitatforsnow
poolAedesintheseregionswasrareandallareaswere
negative

TheSanFranciscoMountainsnearFlagstaffcontainthe
highestelevationinArizona12670ftThisareaisof
volcanicoriginthesurfaceisextremelyporousandthere
arenopermanentstreamsWemadeasurveyofthisareain
May1970andfoundnosuitablehabitatforsnowpool
Aedesproduction

DuringJune351973wecollectedtheKaibabPlateau
fromJacobLaketotheNorthRimoftheGrandCanyon
Theareacontainsnumeroussnowpoolsabove8000ft
LargelarvalpopulationsofAcataphyllaandAfitchii
werefoundthroughouttheareaCinornatalarvaealso
werecollected

Wehavenowsurveyedvirtuallyallofthemountainous
regionsofArizonawithelevationslikelytosupportsnow
poolAedesItappearsthatthedistributionofthesespecies
isrestrictedtoAcataphyllaandAfitchiiontheNorth
RimoftheGrandCanyonportionsoftheKaibabPlateau
andAcataphyllaAfitchiiAimplicatusAincrepitus
andApullatusfromtheWhiteMountainsandMogollon
RiminthesouthwesternpartofthestateinApacheand
GreenleeCounties

Nielsenetal1973listed10speciesofsnowpool
AedesfromthemountainsofnorthernNewMexico
DuringMayandJune1973wemadeadditionalcollections
inothermountainousareasthroughoutthestateand
foundlarvaewhichextendtherangesofseveralofthe
specieswehadpreviouslyreportedInSantaFeCountyin
thePecosWildernessatStewardLakeVI22197311000
ftwefoundAcataphyllaAhexodontusandApullatus
IntheMogollonMountainsofsouthwesternNewMexicoin
CatronCountyintheGilaWildernessareaatBenLilly
ForestCampV1119738100ftwefoundsnowpools
alongWillowCreekcontaininglargenumbersofAimpli
catusassociatedwithsmallernumbersofAcataphylla
BoththePecosandGilaWildernessareasareextensivere
gionswithlargeareascontainingsnowmosquitohabitatIt
islikelythatotherAedesspecieswillbefoundthere

WealsosurveyedtheSierraBlancaandSacramento
MountainsinsouthcentralNewMexicoinLincolnand
OteroCountieswithnegativeresultsBothareashaveele
vationsabove8000ftbuttheregionsarerestrictedinsize
drainageisrapidandsuitablesnowpoolsdonotappearto
bepresent

Larvaeofchaoborinemosquitoesalsowerecollectedin
themountainsofnorthernNewMexicoduringthecourseof
oursurveysEucorethraunderwoodiUnderwoodwastaken
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inRioArribaCountyTroutLakesareaVI919739250
ftinshadedforestpoolsinassociationwithAedesin
cludingAcataphyllaAcommunisAimplicatusandA
pullatus

LarvaebelongingtothegenusMochlonyxLoewwere
foundinthesamepoolswithEunderwoodiNonewere
rearedtoadultsTheimmaturestagesofMochlonyxarenot
separabletospeciesatthepresenttimeHoweverofthe
threeknownNearcticspeciesofMochlonyxthewidedistri
butionofMochlonyxvelutinusRutheinNorthAmerica
withColoradoandUtahrecDrdsCook1956suggeststhat
thisislikelytheidentityofthespeciescollectedinNew
Mexico

LarvaeandpupaeofChaoborusamericanusJohannsen
fromwhichadultswererearedwerecollectedatTrout
LakesVI919739300ftfromasemipermanentpool
whichcontainedAexcruciansLarvaeofCamericanus

alsoweretakenintheTroutLakesareaonVI11281973
8100and9200ftAtthelowerelevationthelarvaewere

associatedwiththoseofCulextarsalisandCulisetainornata
andatthehigherelevationwiththoseofCinornataCook
1956inhisrevisionoftheNearcticChaoborinaereported
GamericanusasrangingacrossNorthAmericafromthe
AtlanticCoasttotheUintaMountainsofUtahwithNew
JerseyandSouthernIllinoisasthesouthernlimitsTheNew
Mexicorecordrepresentsaconsiderablesouthernextension
oftheknownrangeofthisspecies
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THEINFLUENCEOFSLOPEANDFREQUENCYOFFLOODINGOFA

BREEDINGDEPRESSIONONMOSQUITOPOPULATIONSINSALTMARSHES

Duringtheyears1970to1972astudywasconductedin
CarteretCountyNorthCarolinatodeterminetheeffectsofmos

quitocontrolditchingonpopulationsofAedesandAnophelesmos
quitoesinsaltmarshesdominatedbyJuncusroemerianus

Whilecollectingthedatanecessaryforthisevaluationitwas
observedthatinsiteswithsimilarfloodingfrequenciesthepropor
tionofAedeslarvaeinmosquitopopulationswashigherinthemore
steeplyslopeddepressionsTheseobservationsinitiatedastudyto
determinethespecificinfluenceofslopeonmosquitopopulations
insiteswithsimilarfloodingfrequencies

Alldataonslopeindexfloodingfrequencyandlarvalpupal
numbersforeachselectedbreedingsitewereanalyzedbymultiple
regression

RichardLaSalle

NorthCarolinaStateUniversity
DepartmentofEntomologyRaleighNorthCarolina

INTRODUCTION largepercentageoftheapproxi
mately300000acresofcoastalwetlandsinNorthCarolina
consistsofirregularlyfloodedsaltmarshdominatedbythe
plantspeciesJuncusroemerianusScheeleblackneedle
rushSixspeciesofmosquitoesarefoundinthesemarshes
ThemostimportantoftheseareiledessollicitansWalker
AtaeniorhynehusWeidemannandattimesAnopheles
bradleviKing

Duringtheyears197072astudywasconductedin
CarteretCountyNorthCarolinatodeterminetheeffects
ofmosquitocontrolditchingonpopulationsofmosquitoes
inJuncussaltmarshDuringthestudyspecificobjectives
werecarriedoutTheseincludedthedeterminationofthe

temporalandspatialdistributionofeachspeciesbreeding
inthemarshandcorrelatingtoeachbreedingsitesuchfac
torsasfrequencyoffloodingplantcoverandthedistance
frommaximumhightidelevel

Whilecollectingtheabovedataitwasobservedthatin
siteswherethefloodingfrequencywassimilarproportions
ofAedeslarvaewerehigherinthosedepressionswhosesides
weremoresteeplyslopedIthasbeenknowngenerallythat
siteswithlowerfloodingfrequenciesusuallyhaveagreater
proportionofAedesintheirmosquitopopulationsthan
thosesiteswithhigherfloodingfrequenciesButtrick1913
Connell1939andProvost1968Theinfluenceofdepres
sionslopehoweverontheproportionsofAedesandAno
phelesinsiteswithsimilarfloodingfrequencieshasnotbeen
extensivelystudiedSomestudiesbyTravisandBradleyin
1943showedthatthedensityofAedesmosquitoeggsof
saltmarshesinFloridawassomewhathigheronirregularly
contouredmarshesthanonflatonesMostoftheseeggs
werefoundonthetopsandsidesofhummocksorpotholes
withinthemarsh

Thepurposeofthispaperistopresenttheanalysisof
datacollectedonthephysicalandfloodingcharacteristics
ofbreedingsitesinsaltmarshesinanattempttodetermine
theimportanceoftheirrelationshipsonmosquitopopula
tions

ABSTRACT
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Accordingtotheanalysisthecombinedinfluenceoftheslope
thereciprocaloffloodingfrequencyandtheratiooffloodingfre
quencytoslopeontheproportionofAedesandAnophelespopula
tionsinbreedingdepressionsseemstobequitesignificantR273
atp0001

ItwasfoundthatthehighestproportionsforAedesatanygiven
floodingfrequencyrangingfrom10to35floodingspermonth
occurredinsiteswithslopeindexvaluesfallingbetween025and
045TheproportionsofAedescollectedinsamplesincreased
rapidlyastheslopeincreasedfrom005to015anddecreased
graduallybeyond045

Thesignificanceoftherelationshipsbetweentheseindependent
anddependentvariablesasrevealedbythestatisticalanalysismay
proveusefulinlocatingpotentialAedesbreedingsitesinlargesec
tionsofJuncussaltmarsh

MATERIALSANDMETHODSDataonslopeandfre
quencyoffloodingwereobtainedfrombreedingsiteslo
catedinCarteretCountyNCSeeFigure1

Estimationoftheslopeindexwasdeterminedbydivid
ingthevalueforthedeepestpointateachsitebytheaver
agedistancefromthispointtotheedgeofthedepression
SeeFigure2Thehighertheslopeindexcalculatedthe
steepertheslope

Thefloodingfrequencyonthemarshwasdeterminedby
aseriesofLeupoldStevensTypeFtidegaugerecorders
TheseweresetuponeeachatNorthRiverDavisKings
PointandNewportRiverDataonfloodingduetorainwas
obtainedfromClimatologicalDatapublishedbytheUS
DepartmentofCommerceWeatherStationsatMorehead
CityandCedarIslandwereusedasrepresentativesforthe
studyareas

AllsiteswerevisitedatleastthreetimesaweekAtmost

visitslarvalpupalnumbersweredeterminedbymeansofthe
samplingprocedurereportedbyBelkin1954Representa
tivesamplesoflarvaeandpupaewereprocessedforidentifi
cation

Alldatawereanalyzedbymultipleregressionusinga
standardstatisticalprogramdevelopedbyBarrandGood
nightatNCStateUniversityThisregressionprocedure
wasusednotonlytodeterminehowimportanttheinde
pendentvariablesslopeindexandfloodingfrequencyare
inrelationtosaltmarshmosquitopopulationsbutalsoto
determinewhethertheyhaveanysignificantvalueforpre
diction

RESULTSTable1givestheresultsofthestatistical
analysisAccordingtothisanalysisthecombinedinfluence
oftheslopeindexthereciprocaloffloodingfrequency
andtheratioofthefloodingfrequencytoslopeindexon
theproportionsofAedesandAnophelesseemstobequite
significantR73atp0001

ThegraphinFigure3illustrateshowthesefactorsin
fluencedthespeciescompositionofbreedingsitesItshows
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Figure1AreaofNorthCarolinawherestudywasconducted

thechangeintheproportionofIedesfoundinasample
withincreaseinslopeindexatselectedvaluesofflooding
frequencyThehighestproportionalvaluesforledesatany
givenfloodingfrequencyoccurredinsiteswithslopeindices
rangingbetween025and045Theveryhighestvalues
occurredatafloodingfrequencyof5monthandthelow
estwereat35floodingspermonthInsiteswherethe
floodingsrangedfrom10 35permonththeproportion
ofcedescollectedinsamplesincreasedrapidlyastheslope
increasedfrom005to015anddecreasedgraduallybeyond
045Changeinslopehadlittleornoeffectonthepropor
tionsofedesinsitesfloodedfiveorlesstimesamonth

DISCUSSIONTheresultsofthestatisticalanalysisre
vealedcertainrelationshipsbetweenthephysicalcharacter
isticsofadepressionthefloodingfrequencyandthemos
quitopopulationsinsaltmarshesBydeterminingtheslope
indexandthefloodingfrequencyofabreedingdepression
aroughpredictionusingtheinformationinTable2could
bemadeaboutthepotentialproportionsofAedesand
AnopheleslarvaethatcouldbecollectedForexamplea
breedingdepressionwithaslopeindexof065andaflood
ingfrequencyoftenwouldyieldamosquitopopulation
consistingofapproximately81Aedesand19Anopheles
Forvaluesofbothindependentvariablesfallingbetween
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Table1Significantparametersandresultsofstatisticalanalysis

Parameter

SlopeIndexS

ofFloodingFF1

FreqofFlooding
SlopeIndex

Regression
Coefficient

04940

52061

00034

C
FF

2

J 00239x 10

R072889

0P00001
eeP001
xP005
0p010

thevalueslistedinTable2theformulabelowthetable
canbeusedtoobtainpredictedproportions

Itshouldbeemphasizedthattheformulaonlygivesa
valuewhichrepresentsthatproportionofthetotalnumber
oflarvaecollectedfromasiteduringtheentirebreeding
seasonthatwouldbeaparticularspeciesItdoesnotgive
valueswhichrepresentactualnumbersthatmightbecol
lected

Sincetheindependentvariablesusedintheregression
formulaaccountforaboutT3ofthevariationinthedata
furtherstudyshouldcontiruetodeterminetheotherfac
torswhichwouldaccountfortheremaining27 Thisaddi

tionalinformationwouldhelptoimprovetheformulaand
theaccuracyofthepredictionsItcouldbeimprovedto
thepointwhereintimeitmightbecomeanacceptable
procedurefordeterminingwhatsectionsofasaltmarsh
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Table2Determinationofexpectedbreedingpotentialfor1cdesspp
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THEUSEOFMINNOWTRAPSTOMONITORPOPULATIONTRENDSOF

GAMBUSIAAFFINISINRICEFIELDS

DavidEReedandTheadoreBryant

FresnoWestsideMosquitoAbatementDistrict
PostOfficeBox125FirebaughCalifornia93622

ThereisanincreasinguseofthemosquitofishGambusia
affinisaffinisBairdandGirardforthebiologicalcontrolof
mosquitoesinCaliforniaricefieldsCaliforniaworkershave
evaluatedthestockingratesofGambusiaandsubsequent
mosquitopopulationsinricefieldsandhaveconcludedthat
aneffectivelevelofmosquitocontrolcouldbeobtainedif
fishwereplantedatarateofhpoundsoffishtotheacre
330to400fishacreHoyandReed1971Hoyetal
1971Hoyetal1972Littleinformationwasobtainedin
thesestudiesontherelativesizeoftheGambusiapopula
tionastheseasonprogressedItwasfeltthatastudyofthis
factorwouldleadtoabetterunderstandingofthebiological
controleffectivenessofthefishpopulationThispaper
coversastudymadeduringthe1972seasontotestatrap
pingmethodofevaluatingricefieldpopulationsof
Gambusia

MATERIALANDMETHODSFishwereseinedfrom

localdrainsforuseinthisstudyDuetothelimitedavaila
bilityofGambusiathenumberofricefieldsforthisstudy
waslimitedto6smallfieldsFishweresizedbyusinga
38inchmeshnylonnettingduringtheseiningprocessFish
weretransportedfromtheditchesdirectlytothefieldsin
anaeratedtankmountedonapickupSmallaquariumnets
wereusedincountingfishastheyweredistributedinthe
fieldTheaquariumnetswerecalibratedbyaveragingthe
numberoffishcontainedinthreefullscoopsOver85of
thefishusedweregravidfemales

Fishwerestockedatarateofabout100fishperacre
anddumpedinalternatericepaddiesatthepaddycorner
oppositethepaddywaterinletboxandonthedownwind
sideofthefieldwheneverpossibleNofishwerestockedin
thefirstandlastpaddiesfieldinletandoutletpaddies
Figure1isacompositeillustrationofatypicalstudyfield

Eight meshwire minnow trapswere usedfor

capturingandcountingfishinthericefieldsTrapswere
placedinthericefields24hourspriortofishintroduction
Onetrapwasplacedineachpaddyandwaslocatedabout
10feetintothepaddyoppositetheoutletofthepaddy
watercontrolboxFigure1Allpaddiesinthefieldwere
sampledtrappedTrapswerecheckedforfishimmediately
priortofishintroductionfishcountedandrecordedand
thetrapreturnedtothesiteTrapswerethenexaminedfor
fishat24hourintervalsforthenext3to5days

TwofieldswerestockedMay9oneonMay10and3
onMay24RoutinesamplingforfishwasstartedJune8
onthefirstfieldsstockedwhenfishhadbeenintherice

field4weeksOnJune15thefieldsstockedonMay24
weretrappedthefishhadbeeninthesericefields3weeks

Operationallyithasbeenfoundthat100fishtotheacrewill
becomeeffectiveinmostcaseswhensupplementedwithcompatible
integratedchemicalcontrol

49

FISHTRAPS

FISH DUMP

Figure1Typicalricestudyfield

WillowPIPPING
AREA

atthattimeThisweeklyschedulewasfollowedthrough
Augustthusmaking62weektrappingperiodsMinnow
trapswereplacedinthefieldfor24hoursandremoveddur
ingeachofthe6periodsThefishwerecountedandreturn
edtothefieldWatertemperaturesweretakenatthefield
inletandoutletboxesAirtemperatureswererecordedat
thebeginningandendofthetrapsamplingperiod

Tendipsamplesweretakenformosquitolarvaein5pre
selectedlocationsintransectacrossthepaddyat2
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weekintervalstocorrespondwiththefishsamplingThis
informationisnotreportedinthispaper

Sixexperimentalcontrolricefieldswereselectedwhich
wereapproximatelythesameagephysicalproximityand
sizeasthestudyfieldsThesefieldsweretrappedforfish
onlyonceduringthestudyTheperiodselectedwasmid
JulyPeriodIV

RESULTSANDDISCUSSIONTheseasonlongresults
asshowninFigure2werenottoosurprisingbecausea
largeincreaseinthepopulationoffishisexpectedduring
thisperiodWhatwasmostsurprisingwastheuniformityof
thisincreaseintrapcapturesofmaturefishthroughthe
first8weeksofthestudyFigure2Assumingfishmature
in4to6weeksinthefieldduringtheearlyseasonand
canreproduceyoungfrom4to10weeksKrumholz1948
itwouldbeexpectedthatthecountsofgravidfemales
wouldremainvirtuallyunchangedinthetrapsthroughthe
first4to6weeks

Twentyfourhourchecksofthetrapspriortotheintro
ductionoffishnettednoGambusiaTwoperchwerecap
turedinonetrapinfield249Twentyfourhoursafter
Gambusiawereintroducedintothericefieldstrapscol
lectedanaverageof027maturefemalespertrapThecap
turerangewas06fishpertrapwithalmost90ofthe
capturesinthestockedpaddiesthusindicatingmovement
offishthelengthofthepaddymovementdownstream
SeeFigure1Threedayslater59ofcapturesweremade
inthestockedpaddiesindicatingfurthermovementdown
stream andsomepossiblemovementupstreamThe
numbertrappedatthe72hour3dayperiodfollowingthe
fishstockinginalternatepaddiesrangedfrom07to86
fishpertrapwithanaverageof41fishpertrapAtthis
time 15ofthe63trapsplacedinthesefields291is
excludedfromthisevaluationcontainedmaturefemales
7ofthesetrapswerelocatedinnonstockedpaddies

Table1summarizesthecollectionsmadeinminnow

trapsthroughouttheseasonFields211223and249
weresubjecttogreatfluctuationsofwaterlevelInfact
duringmidJunethefirsttwofieldswerealmostdrainedfor
applicationoftheweedicidepropanilPredatorfishmay
havehadadecidedeffectonpopulationgrowthand if

notthat thecaptureofGambusiainsomefieldsFor
exampleinfield149werecordedrelativelyhighcatches
ofperchandsmallbassintrapsduringthe5dayperiod
followingGambusiaintroductionNorecordofthecatchof
thesefishwaskeptthroughtheseason

Thechangingenvironmentinricefieldsandthebehavior
ofGambusiaarebelievedtcbeprimarilyresponsibleforthe
progressiveincreaseincatchesofmaturesthroughperiodII
ofthestudyNaturalstockingviafieldinletwasconsidered
tobemiminalItisouropinionthatnaturalstockingwould
beoffsetbythepotentiallymuchlargerfishlossesviathe
fieldoutlet

Trappingatthe72hotrperiodwasdoneinricefields
thatwerevoidofemergentvegetationPeriodItrapping
3to4weekslaterrepresentssamplestakeninconsiderable
emergentricegrowthandbyperiodII5to6weeksrice
andmanyweedswerewellestablishedinthefieldNormally
fieldsarebeingtreatedforweedsatthisricedevelopment
stageThesechangeswearecertainhaveadecidedeffect
upontrappingresults
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Figure2Fishtrappinginrice1972

Table2showsthetotalGambusiacapturesbyperiod
Capturetotalsforallfieldsareaveragedonapertrap
basisandacomparisonismadeofmaturefemaleswith
combinedmaleandimmaturetotalsThemaleand

immaturecapturesfortheseasonappeartofollowsimilar
patternasthematurefemalesThereappearstobealeveling
offbetweenperiodIIandI11whichmayreflectageneration
interimAtthistimetheprogenyofthefirstbroodis
maturingandbecomingpregnantandthisisreflectedin
thedatabythesteadyincreaseinthecaptureofmature
females

Thequestionofrelatingfishcapturesasindicesofper
acrepopulationhasnotbeenansweredHoweverbyusing
the72houraveragetrapcountofnaturefemalesasthe
indexfortheinitialplantingof100fishtotheacrean
estimatedtotalof4868maturefemalefishtotheacrecan



Table11972summaryofmaturefishcatchesinsixricefields

Field Numberof 24

Number Traps Hours

211 14

223 6

1613 15

163 14

249 14

1291 20

TOTALS 83

AVERAGE

Stockedincenteroffieldonly
213trapsonly
310trapsonly

Mature

Males Immature

AverageofMales Immature

AverageTotals

72

Hours

3 4 12

2 9 7

9 13 14

5 3 25

0 1 3

4 4 44

23 34 105

28 41 127

Table21972totaltrappingcountsinsixricefields

24Hours 72Hours

34

Weeks

23 34 105

35 380

TOTALS 23 69 485

NumberofTraps 83 83 83

42 458

83 584

beusedasthefieldaverageforperiodVIAssuming
themalesandimmaturesareattractedtothetrapequally
asthegravidfemalestheperacretotalforperiodVIwas
12961Theseassumptionsneedfurthertestingonalarger
scale

Themaindifficultyinevaluatingtheresultsofthestudy
wasthemobilityofthefishandtheabsenceofdataon
lossesoffishleavingthefieldMeaningfuldataarealso
neededontrapplacementinthepaddyandtherelationship
ofitscatchtotherelativefishpopulationinthefield
Thesecatchesshouldalsoberelatedtomosquitopopula
tions

Inconclusiontheminnowtrapcanbeanimportant
toolformosquitoabatementdistrictswhichwillprovide
amethodofobtaininganestimateoftherelativepop
ulationsofmosquitofishinricefieldsWhenthisin

11

56

Weeks

I11

78

Weeks

IV

910

Weeks

V VI

1112 1314

Weeks Weeks

29 66 68 61 146
18 12 224 22 23

58 53 94 128 255

9 62 90 128 189

12 32 52 81 73
86 145 246 280 871

212 370 574 700 1557

255 446 692 843 1996

II III IV V VI

212 370 574 700 1557

750 862 1217 1412 2725

962 1232 1791 2112 4282

83 83 83 83 78
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904 1039 1467 1701 3404

1159 1485 2158 2545 5490

formationiscorrelatedwithmosquitolarvalcountsit
canhelpmateriallyinevaluatingtheefficacyofCambusin
inthesesources
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COMPETITIONFORENERGYINLARVALPOPULATIONSOFIFDESIEG1PT1

MEGilpinandGAHMcClelland

ABSTRACT

AeriesaegyptiinAfricacomprisestwodistinctpopula
tionsoneofmainlydarkcoloredindividualsdependent
onrainfallforbreedingandasynanthropicpopulation
ofpalerindividualsthatbreedsinwaterstoredinhouses
Duringtherainyseasonbothpopulationscoexistyet
seldommixexceptclosetohousesExploitationcompe
titionbylarvaeforlimitedfoodenergywasstudiedasone
possiblemechanismofcompetitiveexclusionofeach popu
lationfromtheothershabitat

Inourexperimentsdifferentnumbersofnewlyhatched
larvaefrombothpopulationsanddifferentamountsof
liverpowderwerecombinedinplastictubscontaining200
nilwaterat26CtogivevariousfoodtolarvaeratiosData
ontimestopupationnumbersandweightsofbothsexes
ofpupaewerecollected

Theresultsofthestudypresentlycontinuingsuggest
thefollowingconceptualmodelthatenvisionsbothatime
thresholdbeforewhichnopupationcanoccuranda
weightthresholdbelowwhichnopupationcanoccurThis
createsapupationwindow Apopulationoflarvaewith
avarianceininitialieeggsizeandgrowthrategrows
underfoodlimitedconditionsThelarvaethatstartbiggest
orgrowfastestpupatewhentheyreachthetimethreshold
ataweightdependingupontheirgrowthrate

Slowergrowinglarvaepupatealittlelaterattheminimal
weightbutothersfailtoreachthewindowbeforeenergy
isdepletedandtheirgrowthratebecomesnegative

1DepartmentofBiologyUCSanDiegoLaJollaCalifornia
92037

2DcpartmentofEntomologyDavisCalifornia95616

INSECTICIDEAVOIDANCEBYOVIPOSITINGAEUESAF1PTI

ChesterGMooreandJoseJimenezGarcia

UniversityofPuertoRico
EntomologicalResearchLaboratoryDcpartmenofBiologyMayaguezPuertoRico00708

ABSTRACT

Observationsoncedesaegypticontrolduringthe1972
denguevirusoutbreakinsouthwesternPuertoRicosuggest
edthatgravidfemalesmightbeovipositingpreferentially
inunsprayedcontainers

Totestthishypothesislaboratoryandfieldexperiments
wereperformedusingvariousconcentrationsofmalathion
andAbatelarvicidesAlthoughinconclusiveduetotechnical
problemslaboratorystudiesindicatedthatmalathionand
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lodesaegyptilayeggswhichinnaturemayaccumulate
betweenrainfallsHighlarvaldensitiesinevitablywilllead
tofoodenergydepletioninallbutthosebreedingsitespro
vidinghighenergyinputssuchastreeholes

SouthwoodetalgivefielddatafromThailandonlarvae
inwaterjarsthatindicatesenergydepletionThuscondi
tionsleadingtoexploitationcompetitionmaybefrequent
Ifsoanyfactorssuchaslargereggsizemorerapidegg
hatchandfasterlarvalgrowthhoweverslightwillgive
theirpossessorsacompetitiveadvantageWehaveshown
recentlythatevena6hourheadstartissufficient

Althoughthedifferencesbetweentheindoorandout
doorstrainsintheparameterswehavemeasuredhave
beenrelativelyslighttheyareenoughtogivetheoutdoor
strainaverystrongcompetitiveadvantageindirectcompe
titionexperimentsThereforewestressthatwithexploita
tioncompetitionforalimitednicheresourcesubtlediffer
encesareofsomeimportanceandshouldnotbeoverlooked

Partialadulticidalcontroldirectedagainstacomplexof
pestspeciesbyreducingexploitationcompetitionmay
allowgreatersurvivalofanormallyoutcompetedspecies
Ifsuchaspecieswerethemorepotentvectorasisthe
synanthropic1aegyptitheresultsofpartialcontrolmight
beworsethannoneExploitationcompetitionisprobably
themostimportantdensitydependentregulatingfactorin
larval1aegypti

WehopesoontoextendourstudiestoCaliforniapest
mosquitoes

AbatewerebothrepellentFurtherstudiesinthefieldcon
firmedrepellentactionforbothcompoundsMalathion was

repellentatconcentrationsabove125ppmandAbatewas
repellentat50ppmthelowestconcentrationtested

Theconcentrationsneededtopreventovipositionappear
tobeconsiderablygreaterthanlethalconcentrationsfor
larvaesothatthepracticalsignificanceofthisdiscovery
remainstobedetermined



ANNUALFISHOFTHEGENUSCYNOLEBIASFORMOSQUITOCONTROL

KaarenJHiscoxElmerJKingsfordandWilliamEHazeltine

ButteCountyMosquitoAbatementDistrict
Route2Box2040OrovilleCalifornia95965

ThisisareportofresearchbytheButteCountyMos
quitoAbatementDistrictonannualfishandtheirpotential
useasmosquitopredators

TheDistricthasmorethan70000of400000acresof
ricefieldsinNorthernCaliforniaBesidesagoodricecrop
ricewaterproduceslargenumbersofmosquitoesThere
forewehavepointedourresearchinthisdirection

Themosquitopopulationsofricefieldsarefairlypre
dictableFloodwatermosquitoesAedesrnelanimonorA
nigromaeulisdevelopfirstandareunivoltineexceptwhen
thewaterlevelisloweredtoencouragesproutingortoex
poseplantsforpestcontroloperationsCulexmosquito
populationsincreasealittlelaterwhenthericeplantsgrow
throughthesurfaceofthewaterandthefieldsbecome
stabilizedAboutmidseasonwhenthericeshadesthe
waterCulexarereplacedbyAnophelesmostlyAfree
borniwhichdowelluntilthericeisdrainedinlatesum
merBycontrastinricefieldsofgulfcoastareasofTexas
andLouisianawherericeisrepeatedlydrainedandflooded
ledesareencouragedwhileCulexandAnophelesmos
quitoesaswellasmosquitofisharediscouraged

ThemosquitofishGambusiaaffinishasbeenthesub
jectoflotsofexperimentationandmanipulationGerberich
andLaird1968TheSutterYubaMosquitoAbatement
DistricthastwofisheriesbiologistsstudyingGambusia
rearinganduseOureffortsarecomplementaryWhen
wecancomparetheeffectsofannualfishandof
Gambusiaweshouldbeabletodeterminewhereandhow

welleachfitsinacontrolprogram
Wehaveusedandcontinuetousemosquitofishina

continuingintegratedapproachtocontrolbutbelievethat
thereshouldbemoreresearchonothermethodsofbiologi
calcontrolWithdiminishingnumbersofeffectivechemi
calsandincreasingresistanceahigherleveloftolerated
numbersofmosquitoesieahighernuisanceoreconomic
thresholdhasbeennecessarybecauseoffixedbuying
powerbudgetsandreducedreturnonthedollarsspent
Thebiologicalcontrolagentswhichwerenoteffective
enoughtocompeteayearortwoagonowappearmore
acceptable

Annualfishofferadevelopmentalcyclesimilartothe
ledesmosquitoesBay1967Thefisheggsgothrougha
dryingsequenceandcanliedormantonthesoiluntilcov
eredbyirrigationwaterAddtothistherapidgrowthrate
ofthefishwheresexualmaturityisreachedin6to8weeks
Bay1965andtheannualfishseemideallysuitedtoour
needsTheyalsoarevoraciousfeedersonmosquitolarvae

Thetheoreticalconsiderationsappearexcellentandour
goalnowistoseeifanyofthecandidatespecieswillsur
viveandreproduceinourareaandwhetherwecanget
necessaryclearancetointroduceanotheralienspeciesof
fishintoourenvironmentActuallyweagreewiththeex
erciseofextremecautioninintroductionsonceestablished

areproducingorganismmaybemorepersistentthananyof
thepersistentpesticides
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Theobviousadvantageofannualfishistheeggproduc
tionandstoragepotentialWeenvisionproducinglarge
numbersofeggsinaquariawhichcanthenbestoredfor
severalmonthsOurpresentstoragesystemallowsusto
keepeggsfivemonthswithlittleornolossofviabilityThe
viabilityofCynolebiasnigripinniseggsdecreasesrapidly
afterfivemonthsofstorageInourstudiesonlyonefry
hatchedfromanyoftheeggskeptindamppeatanaddi
tionalmonthandahalfStoredCwhiteiandCbellottii

eggsshowamoregradualdeclineinhatchPeatheldwith
outfloodingnearlysevenmonthshatched20fryinone
experimentThereisonecaseofCwhiteifryemerging
fromeggskeptdryfortwoyearsMilgramperscommun
Weplantoplacestoredandembryonatedeggsinthepoten
tialmosquitosourcesandtheyshouldbegintohatchina
matterofhoursafterenteringthewaterAnnualfishare
sometimescalledinstantfishbecauseofthisunusual

partoftheirlifecycle
OurlaboratoryworkwithCnigripinnisshowsthatits

eggsdonotneedtobedriedforviablefrytobeproduced
Eggswhichwereconditionedbyholdingindamppeatmoss
producedhighernumbersofyoungfishthanthosewhich
werekeptcontinuouslyfloodedFurtherexperiments
revealedthatadryperiodisrequiredforCwhiteieggsto
embryonateandhatch

ThegenusCynolebiaswaschosenforourresearchfor
severalreasonsDrErnestBayhadpreviouslyworkedwith
CbellottiiinCaliforniaandhadshowntheycouldwith
standthestressesofourricefieldsBay1956a1965bso
tostartthisprojectweobtainedsomeofthesefishfrom
DrEFredLegnerattheUniversityofCaliforniaRiverside

TheCynolebiasspparepeatdiversTurnerand
Pafenyk1967therebydifferingfromsomeannualfish
whichscattertheireggsonthesoilsurfaceorlaythemin
shallowtroughsinsteadofburyingthemasdodivers C

bellottiiisdifficulttomaintaininaquariasowechoseto
workwith whiteiandCnigripinnisThesespeciesre
producereadilyandwereeasilyobtained

Webuiltandstockedsmallriceplotsprovidedwithsafe
guardstopreventtheescapeoffishTheinadvertentintro
ductionofGambusiaintoonepondshowedthatGaffinis
andCwhiteiarenotcompatibleallCwhiteiinthecon
taminatedpondweresooneliminatedTheincompatibility
ofannualandlivebearingfisheswascorroboratedbyAllen
SemitaSouthAmericankillifishcollectorperscommun
Thisapparentdrawbackmayhavesomeadvantagessuchas
naturalprotectionfromestablishmentofCynolebiasin
permanentornaturalwatersEachfemaleproducesalarge
numberofeggssothesurvivalofasmallnumberofrepro
ductivesshouldmaintainthepopulationfromyeartoyear

CynolebiaswhiteiandCnigripinniscansurvivesummer
temperaturesinCaliforniaricefieldsIntheirnativehabitat
thesefisharewinterbreedersthrivinginwatertemperatures
oftenbelow40FCastelli1973Inourricepaddiesthey
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survivedanddevelopedinwaterattemperaturesrangingto
99FSouthAmericanannualfishusuallyarefoundinacid
waterbutourricepaddiesareslightlyalkalinewithapH
closeto85InthelaboratorytheythriveatpHof6to75
showingthatfishcanwithstandawiderangeofconditions

CynolebiaswhiteiandCnigripinniswereobserved
matingandburyingeggsinthericepaddiesSurvivaland
hatchingsasthetruemeasureoffieldeggproductionwill
notbemeasureduntiltheexperimentalricepaddiesare
floodedlaterthisSpring

ToobtaininformationwantedbytheDistrictandbythe
CaliforniaFishandGameDepartmentwearedevelopinga
competitiontestbetweenCynolebiasbluegillsredeared
sunfishandlargemouthblackbassWehopetogainmore
informationonwhattoexpectwhenricefieldsaredrained
intotheSacramentoRiverdrainagelettingfieldraised
Cynolebiaslooseinthisecosystem

FieldtrialsareunderwaywithbothCwhiteiandC
nigripinnisinwintervernz1poolsThemosquitocontrol
possibilitiesofannualfishwerefirstobservedinSouth
AmericanvernalpoolsHildemannandWalford1963

WearetryingtomaintainacolonyofCbellottiiinthe
laboratoryandareatterrptingtodevelopalaboratory
colonyofCantenoriWeItopetoproduceenoughfishof
thesespeciesforfieldtestsIC13ellottiiproducesratherlarge
healthyfryfromeggswhichstorewellandhavealready
shownthattheycanreproduceunderricefieldconditions
Bay1965aandBay1965bTheadvantageofCantenori
liesinapreferenceforwarmertemperaturesandanecessary
eggdryingperiodoffivemonthsTulipano1973ascom
paredtotwomonthsforCnigripinnisandthreetofour

monthsforCwhiteiThelongerminimumperiodwill
lessenthechanceofeggshatchingduetowinterrains
duringthesixorsevenmonthsbetweenricecrops
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APILOTPROGRAMFORTHEINTENSIVECULTUREOF

GAMBUSIAAFFINISBAIRDANDGIRARDANDTILAPIAZILLIIGERVAIS

PARTII INITIALOPERATIONANDPRODUCTIONEFFICIENCIES

GilbertLChallet1GaryTReynoldsandDonaldLRohe

INTRODUCTIONTheinitialstagesoftheOrange
CountyMosquitoAbatementDistrictprojectonintensive
cultureofGambusiaaffinisandTilapiazilliiwerereported
byChalletandRohe1974Thatpaperdescribedthe
specializedfacilitiesandenvironmentmaintenanceanddata
collectionsystemsthatwereusedConstructionofthetwo
ponds80ftLx4ftWx2ftDandtheirenvironment
controlsystemswasbeguninDecember1972Thepro
gramwasputintooperationonJanuary151973Thetotal
costformaterialsandsupplieswas472518Table1

INITIALOPERATIONSGambusiaIntensiveculture

beganonApril21973afterminormechanicalandopera
tionalproblemsofthesystemwereovercomeSeveralex
perimentaltechniquesweretriedandfoundtobeinade
quateformassproductionThefirsttechniqueemployeda
40footsectionofPondNo1asanurseryareaGreen
vinylstripsweresuspendedaboveandextendeddownward
intothewaterfromthree4x4framestosimulatevegeta
tionandtoprovideprotectionforthenewbornfryAdult
Gambusiaarenotoriouslycannibalisticontheyoungfry

FromApril361000gravidfemalesweighing962grams
weretransferredfromagolfcoursepondtothenurserysec
tionOnApril4arandomsampleof40gravidfemales
fromthisgroupshowedanaveragelengthof446mmand
averageweightof13gramswhile89nongravidfemales
fromanother40footholdingsectionofPondNo1
hadanaveragelengthof367mmandaverageweightof
06grams

Gravidorsexuallymaturefemalesaredistinguishedby
theirlargedistendedabdomensandbyablackareainfront
oftheanalfinknownasthegravidspot Thisreachesits

maximumsizejustbeforethefemaledropsheryoung
ThefemalesinthenurserysectionwerefedPurinaTrout

ChowNo1at2oftheirbodyweightor192grams
dailyWhenavailableliveDaphniafromthefieldwerefed
tosupplementthediet

OnMay950frywereobservedinthenurseryareaA
randomsampleindicated50ofthegravidfemaleshad
droppedtheiryoungApparentlytherestofthefrywere
eatenbyfemaleswanderingbetweenthevinylstripsor
werepreyeduponastheylefttheprotectionofthestrips

AdecisionwasmadeonMay14toexperimentwithcul
turecagesasapossiblealternatetothenurseryrearingtech
niqueThreecageswerebuilteachhavingaonecubicfoot
woodframewith18inmeshplasticscreenonfivesides

Thenurserysectionwasreducedto20feetandanaddi
tionalsectionof20feetwasprovidedforculturecages
Thethreeculturecageswereplacedinarowandsuspended

OrangeCountyMosquitoAbatementDistrictPostOfficeBox
87SantaAnaCalifornia92702

2CaliforniaDepartmentofHealthVectorControlSectionPost
OfficeBox30327TerminalAnnexLosAngelesCalifornia90030
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inthepondWaterlevelinsidethecagesrangedfrom13
inchesindepthTengravidfemaleswereintroducedinto
eachcageandastheyoungfrywereborntheydropped
throughthescreenandswamawayThusfewfrywerelost
bycannibalismThesameprincipleisappliedforplasticlive
bearingtrapsusedinaquariums

OnMay26vandalsdamagedthethreeculturecagesand
killedthegravidfemalesOnJune1ninenewcageswitha
totalof90gravidfemaleswereplacedinPondNo1
ByJune11productionoffryinthecageculturesection
wasgreaterthanthenurserysectionTable2OnJune18
adecisionwasmadetochangetoculturecagesforGam
busiaproductionOnJune22aftermovingthefrytoa
newsectionninecageswereagainplacedinthreerowsof
threeeachEachrowhadcageswith510and15gravid
femalesforatotalof90fishCageswereexamineddaily
andallfemalesthathaddroppedtheiryoungwererecorded
andreplacedwithothergravidfemalesFryweremoved
fromtheculturecagesectionattwoweekintervalsbut
werenotweighedcountedandharvesteduntiltheywere
46weeksoldSmallbatchesoffrywerecountedbyhand
whilelargegroupswereweighedandestimatedbythescale
methodusedinCaliforniaDepartmentofFishandGame
hatcheriesLeitritz1959Finallythecageswerereturned
tothepondandfilledwithgravidfemalestobeginanew
cultureOnAugust3thenumberofgravidfemalesineach
rowwasincreasedto1520and25foratotalof180fish
intheculturecagesectionThepurposewastomonitorthe
effectofcrowdingondroprateBeginningSeptember14
anoticeabledropinproductionoccurredwhichmayhave
beenduetodecreasedphotoperiodOnSeptember20
lightswereinstalledabovethepondtoextendthephoto
periodtoencouragecontinuedreproductionthroughthe
winterAphotoperiodof15hourswasreportedtobeopti
mumforreproductionRichardHusbandsperscommun

OnOctober12anewtypeofculturecagewasinstalled
whichmeasuredfourfeetlongtwofeetwideandonefoot
deepSixtygravidfemaleswereintroducedintothiscage
equaltothenumberoffemalesinarowoftheonecubic
footcagesHoweverthenumberofgravidfemalesthathad
droppedfrywererecordedonlyattheendofthetwoweek
rearingperiod

TilapiaOperationsIntensivecultureofTilapiamossam
bicaandTzilliibeganonApril21973inPondNo2
PrimaryemphasiswasuponthecultureofTmossambica
duetoitsmouthbreedingcharacteristicwhichrequiresno
specialbottommaterialorextendednestingperiodAl
though7zilliiismoretolerantoflowtemperatureand
shouldprovidesuperiorchironomidreductionLegneretal
1973webelievedthatthisfishwouldnotreproduceas
wellasTmossambicaintheplywoodponds7zilliiisnot
atruemouthbreederandwaspresumedtorequiresmall
tubesatthebottomofthenestforsuccessfulreproduction
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Table1Costestimatefor1973

ICAPITALCOSTS

AMaterialandSuppliestoConstructPonds
FromDecember1972toDecember1973 472518

IIOPERATIONALCOSTS

AUtilityCostsFromJanuary1toDecember31
1973

Utility UnitsUsed ost

Gas

Electricity
Water

5086Thermal 46004

12423Kilowatthrs 310

0704Acrefeet 940

BWaterSofteningTanks12ea

CPurinaTroutChow1501bs

78014

4150

4200

DSalaryforSeasonalFisheriesBiologist9mos549535

TOTALOperationalCosts 635899

TOTALCOST 1108417

aCostofDistrictlabornotincluded

bOurwaterisfrom awellonDistrictproperty Amorerealistic

costofwaterfromGardenGroveWaterDeptwouldbe6285

OnApril6eightmaleandthreefemaleTzilliiwereintro
ducedintoonesectionofPondNo2whiletenmaleand
sevenfemale7mossambirawereintroducedinanother

OnApril11frywereobservedinbothsectionsAdecision
wasmadeonMay25tostocktheremainingTmossarnbiea
inthefieldandcultureonlyTzilliiOnJune18PondNo

2wasdividedintothreesectionsand15adult7zilliiwere

placedineachOnSeptember13thenumberofadultT
zilliiinPondNo2wasincreasedto80Themostrecent

hatchof7zilliifrywasDecember201973
TwomethodswereemployedtoharvestTilapiacryfrom

thepond1afinemeshnetwasusedtoremovetheentire
clusteroffryastheywereguardedbytheirparentsThis
resultedinoccasionalinjurytotheyoungandoncethey
reachedonehalfinchinsizeorwerenolongerprotectedby
theparentstheybecameextremelydifficulttocatch2
theparentswereremovedafterthefrywerereleasedfrom
themouthofthefemaleorwerenolongerprotectedThese
fryweremovedtoanothersectionandtheirparentswere
returnedtobeginanewcycle

RisuANDDISCUSSIONGeneralOperationsThe
facilityoperatedsatisfactorilywithonlyminormechanical
problemsduringtheyearHighalkalinityandhardnessof
thewatercausedlimedepositsontheheatercoilsand
maintenancewasrequiredeverysixmonthsAwatersoften
ingunitwasinstalledonJune8Waterfromourwellhasa
hardnessof23measuredingrainsofcalciumcarbonate
pergallonHardnessofthewaterinourpondsrangedfrom
715grainspergallon

Alkalinityisaproblemwitharecordedlowof90ppm
inJulyandahighof180ppminDecemberWeareconsid
eringuseofaceticormuriaticacidinconcentrationsthat
willreducealkalinitywithoutendangeringthefishItwas
necessarytoreplacethesandinthefiltereverysixmonths
probablyduetohighalkalinityandtherapidbuildupof

planktonduringthesummerWebeganmonitoringwater
qualityonalimitedbasisinJuneAveragereadingsforthe
yearwerepH8hardness10grainspergallonalkalinity
120ppmandwatertemperature27

CostsExpendituresonthisprojectforthefirstyearare
givenbelowThetotaloperationalandcapitalcostsare
dividedequallybetweenthetwopondsFuturecostswill
bemuchlesssincetheentirecostofthephysicalplantis
includedinthefirstyearfigures

CostfortheproductionofGambusia

aOnehalfoftotaloperationalandcapitalcostsDec
1972 Dec1973 554208

bFishproductionApril Dec1973 25826fish

cCostperfish 022

CostfortheproductionofTilapia

aOnehalfoftotaloperationalandcapitalcostsDec
1972 Dec1973 554208

bFishproductionApril Dec1973 7168fish

cCostperfish 077

ProductionEfficienciesGarnbusiaFishproductiondata
wererecordedfromMay14toDecember311973Table
2Duringthisperiod25826Garnbusiawereproduced
PeakproductionoccurredinJulywithnearly7000fry
harvestedAlowpointwasreachedinSeptemberwithonly
2000fishharvestedWiththepresentnumberoffourcul
turecagesand240gravidfemalesitappearsthatproduc
tionduringthewinterwillrangefrom20004000fryper
monthThedecisiontoconverttoculturecageproduction
onJune18wassupportedbycomparingtheproductionof
50fryinthenurserysectionfromApril3 June22with

culturecageproductionof2172fryduringasimilarperiod
Therewasnosignificantdifferenceintherelativenum

beroffemalesthatdroppedyounginrows12and3with
60gravidfemalesineachrowHoweverthereappearedto
beanincreaseinthenumberoffemalesthatdroppedyoung
asthenumberofgravidfemalespercagewasincreasedThis
indicatesanincreaseindroprateduetopopulationpres
surebutmoredataarerequiredbeforefirmconclusions
canbedrawn

Thenumberoffryagravidfemalewillproduceper
broodmayaveragefrom40Hildebrand1921to104Hoy
andRecd1970Ourobservationswithasmallnumberof
femalesshowarangefrom2560fryperbroodTable2
showsthatwecanexpect107fryafter46weeksforevery
femalethathasdroppedinoursystemUsing40fryasan
averagebroodasurvivalratenear25isachievedIn

naturesurvivalwouldprobablybelowerduetopredation
andotherenvironmentalfactors

TilapiaFromApril2 December311973therewere
7168TilapiaharvestedWeplanted426Tmossambicaand
4742Tzilliiwhile2000Tzilliiarebeingheldforplant
ingSeveralpaperswerehelpfulduringtheinitialorganiza
tionofourpondsfortheintensivecultureofTilapiaInfor
mationwasobtainedregardingidentificationLowe1955
cultureStArnant1966andhistoryofTilapiainsouthern
CaliforniaHoover1971
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CONCLUSIONThesystemisoperatingwellandthe
abilitytoproduceGambusiaandTilapiathroughoutthe
yearbyartificialmeanshasbeenestablished

Thefollowingrecommendationsaremadeforthere
ductionofutilityandlaborcostsandincreasedefficiency
ofoperations

1Reducewatertemperaturefrom27Cto24C

2Reducelightbulbwattagefrom100wto25w

3HarvestGambusiafryonaweeklybasisratherthanbi
weekly

4CountthenumberofGambusiafemalesthathavedrop
pedyoungonaweeklybasisratherthandaily

Wearealsoconsideringtheuseofsolarheatersandpond
coverstoconserveenergy

Monitoringcapabilityforwaterqualitywillbeincreased
Thismayincludecountsofdissolvedoxygenchemicaloxy
gendemandandammonianitrogen

ThemoredifficultproblemswithGambusiaareencount
eredduringthewintermonthswhennoproductionistaking
placeinnatureProductionwaslimitedduringthewinter
monthsbyalackofgravidfemalestostocktheculture
cagesLimitedspacepreventedtheproductionofsufficient
gravidfemalesandnonewereavailablefromthefieldThis
situationwillbecorrectedbyusingasectionoftheTilapia
pondnumber2forrearingGambusiatomaturity

Tilapiawereplantedprimarilyinfloodcontrolchannels
andingolfcoursewaterhazardspondsandreservoirs
AgenciesplanningtouseTilapiashouldcontacttheCalifor
niaStateDepartmentofFishandGameandobtainaper
mittotransportlivefishObservationsofTilapiaunder
fieldconditionswillbecontinuedtodeterminetheiradapta
bilityandeffectivenessinchironomidreductionandalgae
controlLegnerandMedved19721973

Futureeffortswillconcentrateonachievingmaximum
productionofbothspeciesWebelievetheexperiencegain
edandinformationproducedduringthisfirstyearofoper
ationisvaluableItshouldbepossibletodoublethepro
ductionofbothspeciesoffishduring1974

OtheragenciesarealsointerestedinthisproblemThe
UniversityWideAdvisoryCommitteeonMosquitoResearch
oftheUniversityofCaliforniarecommendedthathighpri
oritybegiventofundingandimplementingastudyonthe
developmentofmassrearingofthemosquitofishGam
busiaaffinisand25000wassetasideforthisWeexpect
informationfromthisstudytorelatedirectlytoourpro
jectandtoassistinsolvingproblemssuchasphotoperiod
lightintensitydiseasewaterqualitypopulationpressure
etcAswegainmoreinformationconcerningthesefactors
wemaybeabletoapproachthegoalofmaximumpro
duction
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Sample
Date

61573
622
629
713
720
83

AvgNo4thinstar500mldip
Percent

Cmacularius Control Destruction

300
230

065

0

0

0

488

513

450

281

294

156

3852

5517

8556

100

100

100

MixtureofCulexpeusSpeiserCtarsalisCoquillettandCpipiens
quinquefasciatusSay

2Fivereplicates
anddytiscidsHoyetal1972andzooplanktonHurlbert
etal1972resultinginunbalancedconditionsthatfavor
mosquitosurvivalandphytoplanktonicbloomsCyprinodon
hasnotbeenassociatedwithsuchimbalancesandtherefore
maybeasuperiorbiologicalcontrolalternativetoGam
busia
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NOTONECTAUNIFASCIATAASPREDATORSOFMOSQUITOLARVAE
INSIMULATEDFIELDHABITATS

INTRODUCTIONRealizationthatinsecticideshave

notprovidedlastingsolutionstocontinuingmosquitoprob
lemsKellen1962hasgeneratedinterestinbiologicalcon
trolagentsotherthanlatvivorousfishasanadditional
approachtomosquitocontrolThefiercelypredaceous
Notonectaspeciesandrelatedbackswimmershavebeen
citedasimportantpredatorsofimmaturemosquitoesand
arebelievedtobeeffectiveinreducingnaturalpopulations
oftheseinsectsHamlynHarris1929Hinman1934Rice
1942Laird1947andUsinger1963Recentstudiesby
Lee1967whousedNotonectashooteriUhlerandEllis
andBorden1970whousedNotonectaundulataSay
producedlaboratorydatareportsofbackswimmereffec
tivenessinloweringmosquitopopulationsThelatter
authorsbelievedtheirresultswarrantedfurtherconsidera
tionofNundulataasabiologicalcontrolagentformos
quitoesDespitethefindingofLeeandEllisandBorden
therearelittlefielddatasupportiveofeffectivemosquito
predationbybackswimmers

Thisstudywasperformedasanattempttoevaluatethe
efficacyofNotonectaunifasciataGuerininreducingmos
quitopopulationsoccurringinseminaturalhabitatsThis
backswimmerwasselectedbecauseofitsavailabilityand
earlierobservationsofitshabitatandnichethelatterindi

catingmosquitocontrolpotentialBayunpubldataThe
mosquitospeciesemployedwastheornithophilicCulex
peusSpeiserTwoexperimentswereperformedoneinvolv
ingtheintroductionofbackswimmeradultsandtheother
theintroductionof backswimmereggsintosimulated
naturalhabitatscontainingwellestablishedpopulationsof
Cpeus

MATERIALANDMETHODSIntroductionofback
swimmeradultsThisexperimentwasconductedfrom25
Julyto17SeptemberOneandtwosexualpairsoflabora
toryrearedvirginadultsofNunifasciatawereintroduced
intohabitatscontainingrecruitedpopulationsofCpeus
Theexperimentswereperformedaccordingtothefollowing
proceduresTwelvesimulatednaturalhabitatsFigure1
wereestablishedeachconsistingofaoneyardsquarered
woodframedsoilreservoirfilledaboutfourinchesdeep
withlocalirrigationwaterofpH85 5andtotalhardness

of171 ppmCaCO3Toexcludepredatorandpreyspecies
otherthanNunifasciataandCpeaseachreservoirwas
canopiedwith14meshfiberglasscreenattachedtoaframe
ofaluminumuprightsonawoodbaseThescreens
werepartiallycoveredwithopaquepolyethylenetoreduce

1Thewordssexualpairsrefertomalefemalepairs
2ProcedurepatternedafterEllisandBorden1969a

JackHazelrigg

CaliforniaStateCollegeDominguezHills
1000EastVictoria SCB145DominguezHillsCalifornia90746
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Figure1Acanopiedredwoodframedsoilreservoir
typicaloftheseminaturalhabitatsusedintheadultinocu
lationstudyofNotonectaunifasciata

Figure2Aydredwoodframedsoilreservoirtypical
oftheseminaturalhabitatsusedintheegginundation
studyofNotonectaunifasciata

algaegrowthwithinthereservoirsAnemergenceeceptacle
wasplacedatopeachcanopyandusedtomonitorthenum
berofadultCpeusemergingEachreceptaclewasmade
fromajoinedpolyethylenelidandfunnelcappedtoa
polystyrenequartcontainerhavingaventedbottomcovered
with50meshbrassscreen



Thetwelvereservoirswerearrangedinthreerandom
groupseachconsistingoffourreplicatesThenumberof
sexualpairsofbackswimmersandtheratedensityofmos
quitoesintroducedwereasfollows

GrouI

1

2

3control

Numberof

Nuniascmta

1sexualpair
2sexualpairs
noneintroduced

Ratedensity
ofCpests

2eggraftsday
2eggraftsday
2eggraftsday

Mosquitoeggraftswereintroducedfrom25Julyto16
SeptemberAllraftswerecollectedfromamosquitomass
rearingfacilityBayunpubldataandwereaboutthesame
sizeeachcontainingapproximately250eggsTosustain
thedevelopingmosquitolarvae25gmsofpowderedauto
clavedChickstarteracommercialpoultryfoodobtained
fromtheCaliforniaPoultrymensCooperativeAssociation
werealsoaddeddailyThesexualpairsofNunifasciata
wereintroducedintogroups1and2August12oneweek
afterinitialadultemergenceofCpeusIntroductionofthe
backswimmerswasmadeatnighttodiscouragethemfrom
flyingaresponsewhichoccurswhentheyaretransported
fromthelaboratorytothefieldandexposedtosunlight

Adultemergenceof penswasmonitoredat24hour
intervalsthroughoutthisexperimentThepredationeffi
ciencyofNunifasciatawasevaluatedbycomparingthe
meantotalnumbersofemergedmosquitoestrappeddaily
fromthetreatedgroupswiththosecaughtfromthecontrol
Inadditionacomparisonwasmadebetweenthenumbers
ofmosquitoesemergedfromtreatmentsland2todeter
minetheeffectoftheintroducedpredatordensitiesonthe
rateofpreyreductionUponterminationoftheexperi
mentthelivenymphsandadultsofNunifasciatawerere
coveredfromthetreatedreservoirsTheheadwidthsof

thenymphsweremeasuredtodeterminetheinstarphase
ofdevelopmentoftheseindividuals

IntroductionofbackswimmereggsFullyembryonated
eggsofNunifasciatawereintroducedintosimulatednat
uralhabitatscontainingnaturalpopulationsofvariousin
sectpredatorsandpreyspeciesincludingrecruitedim
maturesof peusdevelopedfromintroducedeggrafts
FourraftsofCpeusand50gmsofpowderedautoclaved
Chickstarterwereaddeddailyfrom8Septemberto25
Novembertoeachofnineoneyardsquareredwoodframed
soilreservoirsFigure2ina3by3arrayhavingatotal
includedareaof121ftThereservoirshadbeenfilledand
continuallysuppliedwithunfilteredirrigationwaterand
leftundisturbedsincetheendoftheprevioussummerNine

3ThestageofdevelopmentofNunifasciatacanbedetermined
fromheadwidthdimensionsthesizesofwhichareindependentof
developmentHazelriggunpubldata

toelevendaysaftermosquitoeggraftswereintroduced
threereplicatesof50and100eggsofNunifasciatade
velopedtoapproximately24to48hoursfromeclosion
wereintroducedintothereservoirsasdiagrammedbelow

100

50

Control

50

Control

100

100

61

Control

50

Thepopulationsoffourthinstarmosquitolarvaewere
monitoredat24hourintervalsbyrecordingthemeanof
onepintdipsamplestakenateachcornerofeachreservoir
Toevaluatepredationefficacythemeanofthesumofthe
dailymeansdailygrandmeanoffourthinstarmosquito
larvaefromthereservoirsseededwithbackswimmereggs
wascomparedwiththedailygrandmeanoflarvaefromthe
controlsAlsothedailygrandmeansoffourthinstarmos
quitolarvaefromthe50and100eggreplicateswerecom
paredtodetertnineifthedifferingeggdensitiesinfluenced
therateofmosquitoreduction

Thekindsofpredatorandpreyspeciesofaquaticinsects
otherthanNunifasciataandCtellsandothermacro
scopicorganismscohabitingthereservoirsweredetermined
weeklybyvisualinspectionNoattemptwasmadetoeval
uatedensitiesHoweverNunifasciatainthesehabitats
werecountedafterecdysisofthirdfourthandfifthinstar
nymphsWhenallthefifthinstarbackswimmernymphs
moltedtheresultingadultswerecountedandthesexes
determined

RESULTSThenumberofexperimentsthatcouldbe
performedinthelimitednumberofreservoirsavailablewas
consideredtobestatisticallyinsufficienttosupportfirm
conclusionsHoweverthegrossresultsobtainedwerequite
impressive

IntroductionofbackswimmeradultsTheadultsexual

pairsintroducedintothesereservoirsproducedoffspring
Table1Thenumbersofyoungwerenotproportionate
tothenumbersintroducedThisunexpectedresultcould
havebeenduetotheuseoftoofewreplicatesHowever
cannibalismfollowingmosquitoreductionorpresumably
higherincidenceofinternecinecompetitionamongprogeny
atthegreaterbackswimmerdensitycouldbeinvolved
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Table1SurvivingnumbersandgrowthstagesofNunifasciatafollowingterminationoffieldreleaseexperiments involv

ingintroductionofsingleanddoubleadultmalefemalepairsofthisbackswimmerintoydredwoodframed soilreservoirs

harboringimmaturepopulationsofCpeus

Predator Prey
Density Density

OneMale TwoEgg
femalePair Raftsper

Day

TwoMale

femalePairs

160

Z
W

Cr 140

cW

6I

W 100

ODix

Z

2

17
2

cc

40

J

CI 20

120

80

60

TwoEgg
Raftsper
Day

10

Replicate
Number

1 2 1

2 0 0

3 0 13

4 0 3

1

2

3

4

15

AUG

Figure3showsthatatbothpredatordensitiesmean
mosquitoemergencewasnoticeablyreducedabouttendays
aftertheintroductionofbackswimmers22August
Dramaticreductioninmosquitoemergenceoccurred16to
17daysafterbackswimmer introduction28and29
Augustandcoincidedwithbackswimmerdevelopmentup
tosecondandthirdinstarFromthenon29Augustto17
Septemberminimummosquitoemergencecontinuedfrom

NoofSurvivingNymphsperStadiaandIntroducedAdults Total

Adults Immature

1 2 3 4 5 Male Female Stadia

0

1

18

0

20

0 1

20 10

29 41

0 1

25

4 2 0 1 1

0 44 8 1

21 10 0 1

22 35 0

O 0

0 0

14 1

O 0

CONTR01

1

1

1

11ot
11 1

1 I

11 1
1

11i 1I
i 11

1 r

1 1

30 1

1 1

31

1 103

11

1MALEFEMALEPAIRREPLICATE

2MALEFEMALEPAIRREPLICATE

9

62

44

60

11 16

SEPT

Figure3AveragedailyemergenceofCpeusafteroneandtwosexualpairsofNunifasciatawereinoculatedintocan
opiedydredwoodframedsoilreservoirsThereservoirsweresupplieddailywithtwoeggraftsofCpeusand25gms
ChickstarterArrowdenotesintroductionofbackswimmers

thetreatedreservoirsthecontrolshavingstabilizedatan
averagecarryingcapacityofabout75Cpeaslarvaeper
samplingdayApeakcounton2Septemberinthecontrol
isprobablyasamplingerrorDuringthisperiodtheaver
ageapparentdifferenceinmeanmosquitoemergencebe
tweenthetreatmentsandcontrolwasapproximately65to
70adultsperday

Figure4showsthatthetwosexualpairsofbackswim



1000

900

800

700

600

500

400

300

200

100

CONTROL

1MALEFEMALEPAIRREPLICATE

2MALEFEMALEPAIRREPLICATE

511 1218 19 261 28 915

AUG 4 SEPT4

Figure4AverageweeklyemergenceofCpeusafter
inoculationofoneandtwopairsofNunifasciatainto
canopiedydredwoodframedsoilreservoirsThereser
voirsweresupplieddailywithtwoeggraftsofCpeus
and25gmsChickstarterArrowdenotesintroductionof
backswimmers

merstendedtomorerapidlyreducetheimmatureCpeus
populationsthanthesinglesexualpairsHoweverboth
predatorgroupswerenearequallyeffectiveThedelayed
andsomewhatslowerratemosquitoreductionachievedby
thesinglesexualpairsmayhavebeenduetochancevaria
tionortothefeweradultsinitiallypresentandthepro
ductionoffewerprogeny

IntroductionofbackswimmereggsResultsoftheegg
studyaresummarizedinTable2andFigure5Eggintro
ductionsweremadeondifferentdayssincesufficienteggs
werenotavailableforsimultaneousintroductionintoboth

treatments

Atbotheggdensitiesthenumberoffourthinstarlarvae
wasreducedbeginningapproximatelytwoorthreeweeks
afterbackswimmereggintroductionandcoincidentwith
thedevelopmentofthirdandfourthinstarbackswimmer
nymphsFigure5At50backswimmereggsperreservoir
reductionofmosquitolarvaecontinuedafter1October
reachingaminimumon7Octobershortlyafterfirstappear
anceoffourthinstarnymphsabout20daysaftereggintro
ductionAslightfluctuatingincreaseinmosquitolarvae
ensuedfrom14to31Octoberduetoanunexplainedhigh
backswimmer mortalityintwoofthethreereplicates
Table2After1Novemberthemosquitolarvalpopula
tionsdecreasedintreatmentsandincontrolsalthougha
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distinctdifferencecontinueduntillateNovemberFigure
5With100backswimmereggsperreservoirreduction
ofmosquitolarvaecontinuedafter9Octoberreachinga
minimumlevelon15Octoberremainingatthatlevelfor
therestoftheexperimentMinimummosquitodensities
occurredshortlybeforetheearliestappearanceoffifth
instarnymphsorabout26daysaftereggintroduction

Otherpredatorscohabitingallreservoirsincludedboth
adultsandlarvaeofLaccophilusspLeachandRhantus
spDejeantwospeciesofdytiscidbeetlesnoneorseveral
odonatenaiadsofthegenusPantellaspHagenandmany
veliidsHemipteraofthegenusMicroveliaWestwood
Alternativepreyincludedoneormorespeciesofchirono
midlarvaeCeriodaphniacladoceraandephemeropteran
nymphsofthegenusCentroptilumEaton

Thepercentageofnotonectidprogenywhichsurvived
followingthefirstappearanceoffourthinstarnymphsin
eachofthereplicatessuppliedwith50eggswas2226and
54andthatofreplicatessuppliedwith100eggswas47
48and54Table2Fewbackswimmersmoltedtoadults
presumablyduetolowwatertemperaturesassociatedwith
NovemberOnlyadultbackswimmerswerefoundtosuccess
fullyoverwinterTheresultantadultpopulationofthe
reservoirswith50eggseachwastwoonemaleandone
femaleonefemaleandnoneThatofreservoirswith
100eggswasfourtwofemalesandtwomalestwofe
malesandonemale

DISCUSSIONTheevidenceobtainedindicatesthatin

limitedareahabitatssuchasthoseusedinthisstudyone
ormoresexualpairsoflaboratoryrearedvirginadultsofN
unifasciatawillestablishandsuccessfullymateproducing
viableoffspringAlthoughBayunpubldatahasshown
thatnineadultsofNunifasciatakeptin100gallonaquaria
canmaintain90to98percentmosquitoreductionthe
youngerbackswimmerprogenyresultingfromtheadult
introductionswerepresumedtoberesponsibleformostof
theobservedmosquitoreductionsForexampletheperiod
ofdramaticmosquitoreductionandconcomitantappear
anceofoldernymphsfourthandfifthinstarpresumably
occurredasaconsequenceofyoungersecondandthird
instarpredatorsreducingmosquitoimmaturesAlsothe
markedreductionofimmaturemosquitoesoccurredwith
thedevelopmentuptothirdinstarnymphsduringtheegg
introductionsstudyEllisandBorden1970haveshown
1thatbackswimmernymphsbecomeincreasinglyeffi
cientinkillingmosquitolarvaeastheydevelopfromfirst
tofifthinstar2thatyoungermosquitolarvaeareprefer
redoverolderlarvaeand3thatfourthandfifthinstar
nymphsconsumemorepreythanotherpredatoragegroups
firstinstarsandadultshavingthelowestrateofpredation

Resultsoftheeggstudyindicatethatmassreleasesof
eggsofNunifasciataintopredatorpreycomplexescon
tainingabundantmosquitoesandfewalternativepreycan
resultineffectivemosquitoreductionThissuggeststhatN
unifasciataprefermosquitoimmaturestootherpreysuch
assubstratedwellingmidgelarvaeswiftswimmingephem

4Intheareawherethisexperimentwasconductednaturallarval
populationsofCpeusareknowntodiminishtoaminimuminlate
OctoberandearlyNovemberduetotheonsetoflowertemperatures
associatedwithseasonalchange
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eropterannymphsorminuteentomostracaSeveralpreda
torNotonectidsarereportedtodiscriminatebetween
cohabitingspeciesofmosquitolarvaeaswellasbetween
mosquitolarvaeandalternativepreyLaird1947andEllis
andBordon1970Discriminationamongpreybyback
swimmersisdeterminedbytheinteractionofseveral
factorsincludingthesizespeedofmobilitynicheandthe
degreeofdifferenceofthesefactorsoccurringbetweenthe
preyspeciesLaird1947andEllisandBorden1970

Thevalueofcohabitingalternativepreyshouldbeview
edfavorablyiftheydonotinterferewithmosquitoreduc
tionwhileprovidingadditionalsupportforbackswimmers
duringtheirearlynymphaldevelopmentorduringperiods
ofmosquitoscarcityItispossiblethattheabundantal
ternativepreyCeriodaphniacladocerainparticularinitial
lymayhavebeenpreferredbyyounger backswimmer

nymphshelpingtosustainthemuntiloldernymphsout
grewthem

FromtheeggstudyitisapparentthatVunifasciata
cancompetewithothercommoninsectpredatorsinhabi
tatsharbouringabundantmosquitoesItisnotknownwhat
successtoexpectfromNunifasciatainnaturalpredator
preycomplexescontainingGambusiaaffinisTheauthor
hasseenthosetwopredatorscoexistinginlargenumbersin
habitatswhenpreyprimarilycorixidnymphswereabun
dantHowevertointroduceeggsofNunifasciatainto
habitatsdominatedbymosquitofishGaffiniswould
probablyservelittlepurposeotherthantoprovidethe
mosquitofishwithadditionalpreyitisdoubtfulthatsuch
aneffortwouldresultintheestablishmentofback
swimmers

ThefindingsofthesestudiessuggestthatNunifasciata
canbeemployedasasuccessfulbiologicalcontrolagentin
limitedmosquitohabitatsControlprogramscouldinvolve
theintroductionofmatedpairsofadultsnymphsoreggs
Theauthorsuggestsinoculationormassivereleasesofadults
onlyinhabitatsbelievedstressfultoNunifasciataandwhen
colonizationappearsunlikelyadultsaremoredurableand
adaptablethannymphsyettheyarelikelytoflyaway
Underotherconditionstheauthorsuggeststheperiodic
massreleaseofeggsnearingeclosionUseofeggsassures
maximumeconomyinamassrearingprogramultimately
suppliestotheenvironmenttheimportantpreyconsuming
developmentalbackswimmerstagesprecludesbackswim
mermigrationandmayyieldpotentiallyadaptableindivid
ualscapableofpermanenthabitatcolonizationTheauthor
believesthatfieldreleasesintohabitatsshouldbeavoided

ifthehabitats1containabundantalternativepreythat
haveasizenobilityandnichesimilartomosquitolarvae
andor2containfloatingalgaeordebrisandprofusee
mergentvegetationthatobstructsmostofthenectoniczone
wherepreyandpredatormostofteninteractToassurethe
greatestdegreeofsuccessfieldreleasesshouldoccurduring
theseasonalrangeofthispredatorReleasescouldprobably
bemadeintoawidevarietyofyearroundorseasonallyper
manentaquatichabitatsvaryingwidelyindegreesofwater
qualitywithoutseriouslyjeopardizingcontroleffectiveness
FinallythejudicioususeofNunifasciatawithothernatur
allyoccurringpredatorsmayprovetobeapracticalap
proachinreducingimmaturemosquitopopulations
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THEEFFECTOFLIGHTANDTEMPERATUREONEGGHATCHINCULEXPIPIENS

JamesEMiller

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia

Theconceptofinternalbiologicalclockscontrolling
variousobservedbiologicalfunctionsandactivitieshasbeen
ofinterestinrecentyearsinunderstandingthelifehistory
andecologyofvariousinsectsThesebiologicalclockscan
belongtermannualseasonaletcorshorttermcirca
dianUsinglightasthevariablefactorregular24hour
circadiancycleshavebeendemonstratedforsuchactivities
asovipositioninAedesaegyptiHaddowandGillett1957
adultemergenceinDrosophilapseudoobscuraSkopikand
Pittendrigh1967andegghatchinPectinophoragossypiella
MinisandPittendrigh1968

Wearepresentlyinvestigatingtheeffectoflightandtem
peratureregimesonegghatchinCulexpipiensThefirst
experimentwasdesignedtccompareaveragehatchtimeof
Cpipienseggssubjectedtocontinuousdarkcontrolwith
thatofeggsexposedtoa12hourlightperiodexperiment
alatvarioustimesduringtheirembryonicdevelopment

Threereplicatesineachconsecutive3hourtimeperiod
for24hourswereobservedTheexperimentaleggshatched
laterthanthecontroleggsinallcasesexceptoneTheaver
agehatchtimeforthecontrolandexperimentaleggswas
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95616

3672and3829hoursrespectivelyAonewayanalysisof
varianceshowedsignificanceatthe1levelsuggestingthat
lightmayaffectegghatchinCpipiensAmoreextensive
studyhasthereforebeenstarted

Itwasnotedthategghatchoccurredasearlyas30hours
afterovipositionwithanincreaseintemperatureofabout
10FabovethatofthecontroleggsItwasalsonotedthat
ovipositiontendedtoshowa24hourperiodicityundercon
stantlightandatemperaturecyclewithanamplitudeof
10F
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STUDIESOFTHEPREDATORYBEHAVIOROFNOTONECTIDSONMOSQUITOLARVAE

RGarciaWGVoigtandBSDesRochers

UniversityofCalifornia
DivisionofBiologicalControl1050SanPabloAvenueAlbanyCalifornia94706

Investigationsofthepredatorybehaviorofseveralspecies
ofthegenusNotonectawereconductedduringthepast
yearinrelationtoevaluationoftheseaquaticinsectsfor
useinmosquitocontrolprogramsTheresearchreportedin
thispaperconcentratesonattackbehaviorofthefollowing
4speciesNotonectakirbyiVshooteriiNundulataand
NunifaseiataInadditionstudiesarereportedonpreda
torybehaviorofthenymphalinstarsofNunifasciata
againstCulextarsalisandCulexpipiensAllspecieson
whichstudieswereconductedarecommontoa50mile

radiusoftheSanFranciscoBayAreaandallarepotential
candidatesforuseinmosquitocontrolprogramsThefol
lowingliteraturecitationsarerelevanttostudiesreported
inthispaperClark1928Wolda1961EllisandBorden
1970TothandChew1972aandTothandChew1972b

Alltestswereruninglassbatteryjars6diameteror
inwhiteplasticcontainers6diametereachfilledwith
2300mloftapwaterExceptwherespecifiedtestswere
conductedatroomtemperature68 2Fundera10hr
light14hrdarkcycleLarvalCulisetaincidenswild
caughtCulexpipienslaboratorystrainCtarsaliswild
caughtandAnophelesfreebornilaboratorystrainwere
usedaspreyspeciesforvariouspartsoftheexperiment

FeedingratesoftheadultsoffourspeciesofNotonecta
weremeasuredinPercivalconstanttemperaturecabinets
maintainedat4043475359and65FCulisetain
cidens4thinstarlarvaewereusedaspreybecausetheyre
mainedrelativelyactiveatalltemperaturesPriortoeach
testatanyparticulartemperaturetheadultnotonectids
wereallowed48hrstoacclimatetothetemperatureand
werecontinuouslyfedmosquitolarvaeEachcontainercon
tainedthreeadultsofaparticularspeciesandtenprey
After24hrsdeadpreywerecountedandremovedandre
placedwithlivepreyEachexperimentwasrunforatleast
48hrswithtworeplicatesforeachspecies

VariousstagesofNunifasciataweregiven2nd4th
instarandpupaeofCtarsalistostudypreyselectionby
thenymphalinstarsTwopredatorsofeachinstar2ndin
starthroughadultwereplacedinplasticcontainersalong
withtenofeachstageofpreyCtarsalisCountsofdead
ormoultedpreyweremadeat246and25hrsafter
additionofthepredatorsAftereachcountdeadbodiesand
castskinswereremovedbutnotreplacedTwocontrols
withoutpredatorswererunsimultaneously

TheeffectoffloatingvegetationLemnasponthe
predatoryefficacyofthevariousstagesofNunifasciata
wasstudiedineachofsevencontainersFivegramsofduck

weeddrainedandblotteddryonpapertoweling were

placedonthewatersurface154cmandspreadoutTo
eachcontainer20eachof1st2nd4thinstarlarvaeand

pupaeofCpipienswereaddedAsinglepredatorallsix
stagesrepresentedwasaddedtoeachcontainerThere
mainingcontainerservedasacontrolThreereplicateswere
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runconcurrentlyandacountwasmadeafter48hrsLive
anddeadlarvaewerecountedaswellasshedskinsWhenall

larvaecouldnotbeaccountedforitwasassumedthatthey
hadbeeneatenResultswerecomparedtoanidentical
experimentrunwithoutduckweed

TocomparefeedingpreferencesofadultNotonectaspp
asingleadultmalewasplacedinaplasticcontainerwith10
fourthinstarlnophelesfreeborniand10fourthinstar
CulexpipiensDeadlarvaewerecountedandremovedafter
246and24hoursTworeplicateswererunsimultan
eously

Temperaturestudiesindicatedthatallspeciesofadults
testedkilledmosquitolarvaeatrelativelylowtemperatures
Figure1Nshooteriidemonstratedthegreatestoverall
rateofpredationastemperaturesincreasedAllspecieshad
approximatelythesameattackrateat70FFurthertests
arenecessarytoeliminatebiasduetothephysiologicalstate
ofthespecies

ComparativeattackbehavioroffourspeciesofNotonecta
atroomtemperaturewithCulexpipiensandAnopheles
freeborniaspreydidnotshowanymajordifferencesin
selectionwiththeexceptionofNshooteriiThisspecies
readilyattackedCulexspovertheAnophelesspFigure
2

ImmaturestagesofNunifasciatawerecomparedasto
preferenceofpreysizebyofferingthenequalnumbersof
2ndand4thinstarlarvaeandpupaeofCulextarsalisAs
suspectedtherewasageneralrelationshipbetweenthesize
ofthepredatorandsizeofthepreyseizedPupaewereless
preferredbyallinstarshoweveradultsandlaterinstar
nymphswilltakethemeventuallyFigure3and4This
underlinesthenecessityoffeedingearlyinstarmosquitoes

Nshooterii

Nkirbyi

40 50 60
TEMPERATUREF

Figure1ComparativepredationratesofadultNoton
ectasppon4thinstarCulisetaincidensatvarioustempera
tures
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orsomeothersmallpreysuchasDaphniatoearlystage
nymphsforrearingpurposesItalsosuggestsforoptimum
controlpossibilitiesinthefieldthatpartiallydevelopedeggs
mustbereleasedearlyinthemosquitoseason

Figure5showstheattackbehaviorofallstagesofN
unifasciataagainstmoststagesofCpipiensandtheinter
ferenceeffectofduckweedLemnaspafloatingplant
sometimesfoundinassociationwiththismosquitoArather
strongcorrelationwasagainnotedforsizeofpreyinrela
tiontosizeofpredatorEarlyinstarnotonectidsrestricted

18 25 1 1825

HOURS HOURS

mosq2ndinstarfod4thinstaraspupae

fJ

3rdinstar

nymph

Q

5thinstar

nymph

Figure3PredationofNunifasciatanymphsonCulex
tarsalisimmatures

theirattackessentiallytoearlyinstarmosquitoesFifth
instarnymphstookveryfewfirstinstarlarvaewhileadults
failedtofeedonthisstageatallSomepupaewerecon
sumedbylaterinstarnymphsandadultsbutthelateinstar
larvaewerepreferredFourthinstarnymphsappeartohave
thebroadestselectionproportionatelyaswellasattacking
thegreatestnumberofindividualsLemnaspwithitstrail
ingrootsreducedattackeffectivenessbyabout50inthe
first4nymphalinstarsDifferenceswerelesspronouncedin
thelastinstarandadult
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MUCILAGINOUSPLANTSEEDSPOTENTIALAGENTSFOR

BIOLOGICALCONTROLOFMOSQUITOLARVAE

ClaytonRPageIIIandJohnTBarber

TulaneUniversity
DepartmentofBiologyNewOrleansLouisiana70118

ReevesandGarcia1969observedthatmosquitolarvae
subsequentlydiewhentheybecomeattachedbytheiroral
brushestothemucilagehalowhichsurroundscertainim
mersedplantseedsWehaveconfirmedthisphenomenonof
mucilaginousseedsentrappingCulexquinquefasciatuslarvae
3rd 4thinstarTheattachmentoflarvaetocertain
mucilaginousseedsoccurredatamuchhigherratethan
couldbeaccountedforbyrandomlocationandsuggested
thattheseseedsmightbeexertingapositiveattractionfor
mosquitolarvaeThispaperpresentstheresultsofanin
vestigationwhichpertainstothechemoattractionofplant
seedsformosquitolarvaeandtheirinteractionfollowing
attachment

ThemucilaginousseedsusedinthisstudywereCap
sellabursapastorisShepherdsPurseDescurainiasophia
TansymustardLinumusitatissimumCommonflax
PlantagoinsularisPlantainandSporobolusairoidesFine
topsaltgrassThenonmucilaginousseedsusedwereBras
sicaspMustardMagnoliagrandifloraEvergreenmag
noliaPhaseolusspBeanandthreevarietiesofPisum
sativumEarlyAlaskanPeaMammothMeltingSugarPea
ImprovedTelephonePeaCulexquinquefasciatuslarvae
3rd4thinstarwereusedinalloftheexperiments

Aplexiglassexperimentalchamber43x6x5cm
withapermeablebarrieroffinegradecopperscreenlocated
25cmfromoneendofthechamberseparatedtheseed
areafromtheremainingchamberareaStartingfromthe
permeablebarrierfivezoneswerelocated75cmapart
Thechamberwasfilledwith700mlofcharcoalfiltered
deionizedwater24CTwogramsofseedswerecom
pletelysubmergedintheseedareaApproximately100
mosquitolarvaewerereleasedinthemiddleofthechamber
zone0atthestartoftheexperimentAtleastthreetrials
wererunforeachseedstudiedTheentirechamberwas
placedinalighttightboxAttheterminationofanexperi
ment1hrthezonedividerreleasestringwaspulledfrom
outsidetheboxallowingthezonedividertofallintoplace
anddividethechamberintofiveareaswithoutdisturbing
thelarvaldistributionThechamberwasremovedfromthe
darkandthenumbersoflarvaeineachzone2closest
zonetoseedarea10 2wererecordedIfthenum
beroflarvaeremaininginone0wasdividedequallybe
tweenthepositiveandnegativegroupsapositiveattraction
percentwasrecordedwhen66ofthelarvaewerepositive

Allmucilaginousseedsshowedapositivechemoattrac
tionformosquitolarvaeNonmucilaginousseedsdidnot
attractmosquitolarvaewiththeexceptionofPisumsati
vumEarlyAlaskanTheseedsthatproducemucilageand
causelarvaeattachmentCbursapastorisandDsophia
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werestronglyattractiveafteronehourwhiletheother
mucilaginousseedstowhichlarvaedidnotattachwerenot
attractiveuntilafter24hoursofincubationTheattrac
tionofCbursapastorisseedsforthelarvaefollowingheat
ing155for30minandfreezing0for4hrwasunal
teredandwasalsopresentfollowingdialysis

Themucilaginousseedsappeartoemitasubstances
thatistoxicforthemosquitolarvaewhenbothareincu
batedtogetherThistoxicfactorcanbedemonstratedwhen
thelarvaeareseparatedfromCbursapastorisseedsbya
permeablebarrierwhichpreventsattachmentThemos
quitolarvaemaybedyingfromthistoxicsubstanceafter
theyhavebecomeentrappedbythemucilaginousseedcoat

Capsellabursapastorisseedsarecapableofentrapping
andkillingthemosquitolarvaeevenafterbeingsoakedin
deionizedwaterforfivemonthsAfterseveraldaysofincu
batingseedsandlarvaetogetherthedeadlarvaeattached
toseedsbegintoundergorapidbreakdownItwasdeter
minedthatCbursapastorisseedssecreteaproteolytic
enzymethatmayberesponsibleforthebreakdownofthe
attachedmosquitolarvae

Insimulatedfieldconditionsinthelaboratorywithfield
waterandsoil86ofthelarvaewereentrappedbyC
bursapastorisseedsafter48hoursResultsfrom24hour
fieldexperimentsshowthatasinthelaboratorymucilagi
nousseedsareabletoentrapmosquitolarvaeTheattach
mentpercentinthefieldtrials3058 isdependentupon
thevolumeofwaterinthetestsiteThefieldstudyindi
catesthatthereisapossibleinteractionofplantseedsand
mosquitolarvaeinnature

Thepresenceofachemoattractantatoxicfactoran
entrapmentmechanismandapossibledigestionprocess
indicatethatplantseedsdohavebiologicalcontrolproper
tiesformosquitolarvae
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STUDIESOFINSECTPREDATORSASAGENTSTOCONTROLMOSQUITOLARVAE
WITHEMPHASISONSTORAGEOFNOTONECTf1EGGS

RDSjogrenandEFLegner

Thedevelopmentofinsecticideresistancehasbrought
intoperspectivetheimportanceofutilizingbiologicalagents
wheneverpossibleinmosquitocontrolPredatoryinsects
especiallyarereceivingcloserattentionastheirrolein
naturalcontrolbecomesclearerHalletal1953James
196419661967Notestine1971Robertsetal1967
VeneskiandWashino1970Washino1969particularlythe
NotonectidaeEllisandBorden1969ab1970Garcia
1973Hazelrigg1973TothandChew1972abThedetri
mentaleffectsofGambusiaaffinisBairdandGirardon
predaceousinsectshavebeensuspectedwhenmosquito
populationsurgesfollowedfishintroductionatlowstocking
ratesHoyetal1972 Washino1968andWashino
andHokama1967showedthatlessthan1ofthispreda
torsdietinricefieldsusuallyconsistsofmosquitolarvae
Suchevidencehasledustoconsidernativeinsectpredators
asadditionalmeansofcontrolinsemipermanentwaters

Thepotentialformanipulatinginvertebratepredatorsin
seasonalmosquitohabitatswasbroughtintofocusduring
thesummerof1973whencontroloftheencephalitisvec
torCulextarsalisCoquillettasindicatedbypupalsampling
andadjacentadultnaturalrestingsitecountswasachieved
on6000acresofKernRiversnowmeltwaterwithoutthe
useofinsecticidesKernMosquitoAbatementDistrict
EntomologistsReportJune1973Thiswaterwasspread
in12locationsfora17weekperiodaspartofaground
waterrechargeprogrammuchoftheacreagebeingon
nativedesertlandDensitiesofCtarsalispupaeduringthis
periodaveraged005diporlowerItappearsthatagricul
turalactivitiesmayhaveaffectedinsectpredatorpopula
tionsinotherpartsofKernCountywheresuchspectacular
lowcountswerenotobtainedAscarcityofaquaticover
winteringhabitatstheexistenceofGaffinisinmostsites
withwaterandirregularirrigationschedulesmayhavebeen
detrimentaltotheirsurvivalThelackofoverwinterhabi

tatsmaypreventthenormalcolonizationofspringmos
quitohabitatsandirregularirrigationscausedryingbefore
completionofimmaturepredatordevelopmentInthe
absenceofGaffinisspringinsectcollectionsfromCulex
habitatswithoutadjacentripariansystemsrarelyshowthe
numberordiversityofpredaceousformscommontosites
incloseproximitytooverwinteringhabitats

IntheaforementionedKernRiverstudyacomplexof
10nativeinsectpredatorsisbelievedtohavecontributed
significantlytothehighlevelofcontrolachievedalthough
determinationoftheroleeachpredatorplayedinlarval
populationregulationwasnotassessedBettermethodsof
quantitativelysamplingtheaquatichabitatarerequiredfor
fastmovingpredators

1MetropolitanMosquitoControlDistrict797RaymondAvenue
StPaulMinnesota55114FormerlyKernMosquitoAbatement
DistrictP0Box9428BakersfieldCalifornia93309

2DivisionofBiologicalControlDepartmentofEntomology
UniversityofCaliforniaRiversideCalifornia92502
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Massproductionandstoragetechniquesforthosepreda
torsdemonstratinggreatestpredationabilityareadvanta
geousformaximumutilizationincontrolprogramsEvi
dencetodatapointstoNotonectidaeasoneofthemost
importantpredatorgroupsandresearchemphasisisdirect
edtotheirusebywayofinoculativeandinundativere
leaseseachspringinfavorablehabitats

Inthemewiththeabovegoalsaninvestigationwas
initiatedtodeterminetheviabilityofNotonectaunifasciata
Guerineggsmaintainedunderprolongedlaboratorystorage
atdifferenttemperaturesandperiodsofembryonicdevelop
mentSjogrenetal1974Eggscollectedfromadultsfed
mosquitolarvaewereincubatedat256Ctoachievethree
embryologicalstages14and8daysold5replicatesof
25eggseachwerestoredat22 83 and144C
for46810and12weekperiodsControlegggroups
wereheldat256C

Therewasaprogressivelossineggviabilityobservedat
increasinglengthsofstorageforeachagegroupparticularly
atthelowertemperaturesHowevertheoldestembryos
weregenerallyabletosurvivemostsuccessfullyAllage
groupshadprogressivelygreatersurvivalratesatthehigher
storagetemperaturesAlthoughmaximumviabilitywas
achievedat256Catemperaturewhichdidnotinhibit
developmentforstoragepurposesgreatestviabilitywas
observedwith8dayoldeggsat144C
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MOSQUITODENSITYANDBIRDMAMMALFEEDINGRATIOSOFCULEXTARSALIS

RLNelson

UniversityofCalifornia
SchoolofPublicHealthArbovirusFieldStation35CNimshewStageChicoCalifornia95926

Observationsweremadeonthebloodfeedingbehavior
ofCulextarsalisattractedintostabletrapseachofwhich
wasbaitedbothwithachickenandajackrabbitAlthough
mostfeedingswereonthechickentherewasatrendtoward

1ThisresearchwassupportedinpartbyResearchGrantAI
03028fromtheNationalInstituteofAllergyandInfectiousDis
easesandGeneralResearchSupportGrantISOIFR05441from
theNationalInstitutesofHealthUSDepartmentofHealthEdu
cationandWelfare

ABSTRACT

increasedjackrabbitfeedingbutpooreroverallfeeding
successaslargernumbersoffemaleswerecollectedbut
aneedformoredefinitivedatawasapparent

RelativelysmallnumbersofCulexerythrothoraxAno
phelesfreeborniAedesnigromaculisAmelanimonand
AvexansalsowerecollectedandallbutCerythrothorax
fedmainlyonthejackrabbitHowevernearly30ofthe
engorgedAfreeborniAnigromaculisandAvexansfed
onthechicken



SIMULATEDFIELDPREDATIONOFSINGLEPREY CULEXPEUSAND

ALTERNATIVEPREYCULEXPEUSCHIRONOMUSSP51BYANAXJUNIUS
DRURYODONATAAESCHNIDAE

CBeesley

ContraCostaMosquitoAbatementDistrict
1330ConcordAvenueConcordCalifornia94520

ABSTRACT

SimulatedfieldpredationtestswiththepredatorAnaxjunius
wereconductedinenclosedunitfiberglasstubswithbothsingle
andalternativepreyavailableCulexpeusCpeusandChironomus
species51respectivelyCpeuseggraftsandCsp51eggmasses
wereperiodicallyintroducedtosustainpreypopulationsanddaily
preyemergencewasrecordedPredatorswereinitiallyintroducedat
threedensitiesandmonitoredattwoweekintervalsforgrowthand
populationsize

ResultsshowedAjuniusnaiadscontrolledmosquitopopulations

INTRODUCTIONTherearealmostonehalfmillion

acresofricefieldsinCaliforniaHoyandReed1970Each
yearmosquitopopulationsbecomeamoreseriousproblem
duetocontinuedresistancetoinsecticidesAlthoughthe
larvivorousfishGambusiaaffinisisfrequentlyutilizedasa
biologicalcontrolagentcontrolagenciesstillrelyprimarily
oninsecticidesandsourcereductionproceduresformos
quitocontrolThenecessityforcontinuedinvestigationof
botholdandnewbiologicalcontrolagentstoaugmentcon
trolprogramsisclearlynowathand

AnaxjuniusDruryOdonataAeschnidaeisfound
throughoutNorthAmericaTheimmaturesornaiadsare
foundtypicallyinsmallpondsandlakeswithemergent
vegetationinwhichadultfemaleslaytheireggsAlthough
capableofoverwinteringinthenortherntemperature
zonesAjuniusismorepopulousinwarmsouthernregions
withadultsbeingfoundyearroundinFloridaNeedham
andWestfall1955CertainattributesofAjuniusnaiads
indicatethattheymightbeeffectiveagentsforbiological
manipulationinreducingmosquitolarvalpopulationsAttri
butesofthenaiadsincludeexcellentvisionPritchard
1963voracityHinman1934andactivepreysearchLee
1967

LikemostOdonataAjuniusisrecognizedasageneral
predatorItspotentialasamosquitopredatorwasfirst
recognizedbyHinman1934andWright1946Although
Ajuniushasbeenstudiedoccassionallylittlequantitative
informationregardingitspredatoryhabitsisyetavailable

Gutandfecalanalysesindicatethegeneralpredaceous
habitsofbothadultsandimmaturesWarren1915found
chironomidsandostracodstocomprisethemainpartofthe
dietofAjuniusandPantalajlauescensLibellulidaein
HawaiiOtherorganismsingutcontentsweremosquitoes
dytiscidsshrimpsegmentedwormstadpolesandtopmin
nowsKingsbury1937reportedsignificantlossesinfish
hatcheriesduetopredationbylargeAjuniusnaiads

Pritchard1964investigatedthefoodofdragonflies
AeschnasppAnaxsppAeschnidaeLibellulasppPant
alasppLibellulidaeinAlbertaCanadaandfoundthe
typeoffoodconsumedwasrelatedtothequantityofavail
ablepreyratherthantoqualitypreferenceChironomid
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atallthreedensitiesinthesingleandthetwohigherdensitiesinthe
alternativepreytestsInbothteststhehigherpredatordensities
wereseentoreducepreypopulationsinashorterperiodoftime
Howeverwithsubsequentmosquitoreductionpredatorpopulations
alsodeclinedtoafewremainingLargenaiadsThesereduced
naiadpopulationscontinuedtomaintaincontrolofthemos
quitoesWiththepresenceofanalternativepreypredatorpopula
tionsstilldeclinedaftermosquitoreductionbutremainedsignifi
cantlyhigherthaninthesinglepreytestsNaiadsexercisedno
significantcontroloverthemidgepopulations

larvaethemostnumerousorganismsinpondsampleswere
themostcommonnaiadfoodWhenmosquitolarvae
werepresenttheywerefoundinAjuniusgutcontents
Pritchard1964andHappold1965haveattributedany
absenceofmosquitolarvaeinthenaiaddiettohabitatin
compatibilityfordragonfliesinCanadatypicallyrequire
permanentbodiesofwaterwhereasmostmosquitoesof
AlbertafrequenttemporarypondsSimilarresultshavebeen
reportedonthefoodofdamselfliesindifferentpondhabi
tatsintheSovietUnionFischer1964

METHODSOutdoorfieldunitswereprovidedwater
fromanirrigationreservoirpH85 05CaOH171

17ppmfilteredthroughsixfeetofsandandgravel
Naiadswereinitiallycollectedaseggsinstemsofwater
grassEchinochloacrusfalliGramineaeandthesedge
ScirpusprobpacificusCyperaceaeTheseeggswereincu
batedinthelaboratoryandrearedat31Ctothesecond
instar23mmforfieldreleaseCulexpeuseggraftswere
collectedfromanoutdoorrearingfacilitytobeintroduced
toallpredationtestsdescribedinmoredetailinthefollow
ingpagesChironomussp51eggmasseswerecollectedin
thesamemannerforintroductiontothealternativeprey
testsLarvaeofbothNematocerousspecieswerefedwith
siftedautoclavedchickstarteracommercialpoultryfood
Watertemperaturewascontinuallyrecordedatmiddepth
witharemotereadingrecordinghygrothermographIn
treatmentsinvolvingsingleandalternativepreyunitsand
theircompartmentswerechosenatrandom

Enclosedcontrolledpredationtestsinvolvedtheuseof
fiberglastubunitsFigure196x96x46cmThetubswere
translucentadmittingconsiderablelighttoeachtreatment
Eachtubwascompartmentalizedintoatestandcheckhalf
withadoublesaranscreendivider32meshThewater
levelineachtubwasmaintainedat1315cmbyacommer
cialfloatvalveThirtytwobamboostickswerearrangedin
fourrows8sticksrowFigure2pertreatmenttosimulate
plantstemsinthenaturalhabitatDailypreyemergence
adultmidgesandmosquitoeswasrecordedfromeach

ResearchconductedattheaquaticresearchstationUniversity
ofCaliforniaRiversideJulythroughNovember1971
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treatmentviaemergencereceptaclesFigure1Naiadswere
introducedassecondinstarstominimizenaturalmortality
forlaboratoryLifeHistoryLHstudiesindicatedalarge
mortalityfactorduringtheeggandfirstinstarBeesley
PhDThesisPredatorpopulationswerethenmonitored
everytwoweeks

Twoseparatetestsutilizedtheseenclosedfiberglasunits
Thefirstasinglepreyspeciestestevaluatednaiadcontrol
ofmosquitopopulationsintheunitsatthreepredatorden
sities2550and100naiadspertreatmentDependingon
availabilityfrom13eggraftsofCpeuswereintroduced
dailytoeachtestandchecktreatmenttogetherwith5gm
ofchickstarterThesecondtestanalternativepreystudy
evaluatednaiadcontrolofmosquitopopulationswhenan
alternativepreywasavailableiemidgelarvaeCpeus
eggraftsand10gmofchickstarterwereaddedinthesame
mannerasinthesinglepreytesttogetherwithoneegg
massofChironomus51al710dayintervalsThreedensi
tiesofnaiadswereagaininitiallyintroduced1020and40
pertreatmentPredatornumbersdifferedbecauseof
limitedtimeandrearingfacilitiesHoweverthedensitiesof

Figure1Outdoorfiberglasunitusedforenclosedsim
ulatedfieldpredationtestsExternalviewoftubshowing
receptaclesforadultmidgesandmosquitoes

Table1NumbersofAnaxjuniussurvivinginenclosedunitpredationtests

Daysfrom
Introduction

SinglePreyCulexpeus

InitialNaiadDensity
25 50 100

14 25a 198

29 203 52

29 203 52 41
42 157 42 221

X 26 12133C

aNaiadsintroducedtwoweekslate

bNaiadsintroduced5dayslate

25and50inthesinglepreytestand20and40inthe
alternativepreytestwereconsideredsufficientlyclosefor
directorcomparisonofresults

RESULTSANDDISCUSSIONSinglepreytestsre
sultedincompletemosquitocontrolatallthreenaiadden
sitiesFigure3Preyregulationwasaffectedearlieratthe
twohigherpredatordensitiesTherewasa19daylagin
controlwith25naiadsunitandonlya1213daylagwith
50and100naiadsunitWithsubsequentpreyreduction
predatorpopulationsrapidlydeclinedTable1

Inthealternativepreytestmosquitopopulationsinthe
checktreatmentsweresimilartothoseattainedinthefirst

testFigure4Midgepopulationswereslightlylowerthan
mosquitopopulationsFigure5At10naiadsunitpartial
controlwasachievedbeingapparent16daysafterintro
ductionFigure4At20and40unitcompletecontrolwas
evidentwithin1214daysFigure4Therewasnosignifi
cantreductionofthemidgepopulationsFigure5Preda
tordensitydeclinedwithmosquitocontrolbutnotas
greatlyasinthefirsttestTable1

Figure2Internalviewofsameunitexposingvertical
rowsofbamboosticks

Daysfrom
Introduction

165 14 81 226

21

30 71

44 62

60 62

X 20 31628C

AlternativePreyCulexpeas
Chironomus51

InitialNaiadDensity
10 20 40

152b
152

135

125

175

134

134
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Figure3Test1Averagedailymosquitoemergencein
thesinglepreyspeciestestInitialnaiaddensityisindicated

intheupperleftcorner

Comparisonofthepredatorpopulationsrevealedanin
terestingtrendWithCpeusasthesolefoodsourcenaiads
decimatedpreypopulationswithin23weeksafterwhich
littlefoodwasavailableAsaresultnaiadpopulationsde
clinedrapidlytoalowpopulationequilibriumyetwerestill
capableofregulatingthemosquitopopulationsWithinfour
weeksofintroductionnaiaddensitiesof2550and100
werereducedtomeansof15 742and2 1Standard
DeviationrespectivelyIncontrastnaiadpopulationsinthe
alternativepreytestsremainedconsiderablyhighereven
thoughmosquitopopulationswereconsumedAfterfour
weeksnaiaddensitiesof1020and40maintainedanequil
ibriumof6 213 5and13 4respectivelyFroman
initialnaiaddensityof50inthefirstand40inthesecond
testasignificantdifferenceinpredatorequilibriawasap
parentieareductionfrom50to4 2vs40to13 4

withinonemonthAlthoughnotasobviouswhencompar

1x1701
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75

Figure4Test2Averagedailymosquitoemergencein
thealternativepreyspeciestestInitialnaiaddensityisindi
cated intheupperleftcorner

ingdensitiesof25vs20thistrendwasstillapparentIni
tiallybothpopulationsdroppedanaverageof5naiads25
20vs2015withintwoweeksInthefirsttestthistrend
continuedforthefollowingtwoweekswhileanequilibrium
of15wasmaintainedforthedurationofthesecondtest

Table1
NaiadpopulationswererelatedtofoodsupplyWhenthe

initialpreypopulationmosquitoeswasconsumedcanni
balismoccurredprobablyduetoincreasedfoodrequire
mentswithnaiadgrowthCannibalismoccurredinboth
testsbutsignificantlylessinthesecondduetothein
creasedavailablefoodiemidgesTheseclosedsystems
werecapableofsupportingmuchhigherca3Xpredator
populationsthanattainedinthepresenceofasingleprey

ManyoftheunitswerecontaminatedwithsmallCla
doceraAlthough4juniusparticularlythesmallernaiads
dofeedonthissmallCrustaceanitdidnotactas



76

150

150

100

50

40

30
20
10
0

311

ALTERNATEPREYSCULEXPIUSCNIRONOMUS51

101

1201

401

11z

311t 10

AUG SEPT

10 20 30

11 1 11

311 10 20 301

20 301

10

1

10

OCT

20

CHICK

301

20 301

1 11 1

20 301 7

NOV

Figure5Test2Averagedailymidgeemergenceinthe
alternativepreyspeciestestInitialnaiaddensityisindi
cated intheupperleftcorner

abufferonthepredatorpopulationsinthesinglepreytest
comparedtothemidgelarvaeinthealternativepreytest
Severalunitswerealsocontaminatedbytheverysmall
midgeParalauteroborniellasppwhichwerealsoconsidered
inconsequentialtothenaiadpopulations

Predationtestswereconductedduringoverlappingsea
sonsthefirstduringmidsummerandthesecondduring
latesummerandfallWatertemperaturesweresimilarfor
mostofthedurationofbothtestsdeclininginthelate
fallduringthesecondtestTable1Anaxjuniusdoesnot
diapausebutsimplyretardsdevelopmentwiththeonsetof
winterconditionsDecliningphotoperiodandtemperature

didaffectnaiadfoodconsumptionevidentinthelatterpart
ofOctoberwithemergenceofafewadultmosquitoes

Themainlimitationofthispredatorisattributableto
pondstabilityEssentiallyAjuniusneedsapermanentor
semipermanentpondwithemergentvegetationforsuccess
fulovipositionMosquitoestypicallyfrequenttemporary
waterwhilemidgesaremoreapttobefoundinpermanent
orstablepondsPreviousfoodanalysishasrevealedthis
habitudinalincompatibilityHappold1965Pritchard1963
InCaliforniaricefieldsthisisnotthecasetheseareasare
floodedseasonallyprovidingsuitablehabitatformosqui
toesmidgesdragonfliesandotherbiotaThesefieldsare
drainedannuallyinthefallwithcropharvestthusdestroy
inglargeoverwinteringsitesforthisindigenouspredatorA
junius

Inconclusionthesesimulatedfieldtestsrevealedthree
significantfindings1Anaxjuniusnaiadsqualitativelypre
ferredCpeastothebenthicChironomus51larvae2
Mosquitocontrolwasattainedunderthesecircumstances
indicatingapotentialforsuchunderfieldconditions3
Withthepresenceofanalternativepreysignificantlyhigher
predatordensitiesweresustainedThesedataindicateapo
tentialforAjuniusasanappliedbiologicalcontrolagent
Theactiveroleofthispredatormaynowbeconsideredin
futurecontrolprograms
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MOSQUITOCONTROLWITHEUROPEANGREENHYDRAINIRRIGATED
PASTURESRIVERSEEPAGEANDDUCKCLUBPONDSINKERNCOUNTY

HyosokYu EFLegnerandRDSjogren

ChlorohydraviridissimaPallaswasusedsuccessfullyto
controlAedesnigromaculisLudlowandCulextarsalis
CoquilletpopulationsinirrigatedpasturesinKernRiver
seepageandinduckclubhabitatsofKernCountyin1973

HydrawereculturedattheKernMosquitoAbatement
Districtundercontrolledtemperaturesof25 2Casde

scribedbyLenhoffandBrown1970Inoculationexperi
mentswereconductedinbothopenandweedcovered
habitatsIntheopentypeapastureandriverseepagehabi
tatwereusedHydrawerereleasedin1Mnetenclosures
118meshcmplasticthatwereplacedinthemidstofhigh
densitymosquitolarvalpopulations100dipThesquare
enclosuresextendedtoadepthof89cmwithredwood
stakesateachofthe4cornersFrom10plotsselectedat
randomina25acreirrigatedpastureonJuly265each
wereinoculatedatrandomwith500hydraand5leftas
controlsFourrandom400mldipsamplesweretakenfrom
eachplotinthepasturedailyuntilthewaterdried
Dailysamplingwascontinuedatthesamesitesafter
reflooding

Inriverseepagewatersimilarreplicateswereselected
buteachnetenclosurewassubdividedinto2equalhalves
withonehalfofeachenclosurebeinginoculatedwith250
hydraonJuly2anddailylarvalsamplestakenbeginning
June28

Thesecondtypeofexperimentwasperformedinemer
gentweedsScirpusandDistichlissppetcofaduckclub
habitatHerehydrawerereleasedatselectedsiteswithout
enclosuresbutwhereCulextarsalisbreedingwaspromi
nentTenplotswerechosenatrandomintwo4acre
pondsFivesuchsiteswereinoculatedwith1500hydra
eachwith5beingleftascontrolsLarvalsampleswere
takenweekly2dipsineachof4differentdirectionsfrom
theplotcenteranduptoandincludingaradiusof152cm

Hydrainoculationsweremadeusingthechilledvolumet
ricmethodofLenhoffandLoomis1957Inoculation
ratesinallexperimentswerecacirca about1hydra10
cmofwatersurface

Hydraweresampledusing3differentmethodsaccording
toconditionsfoundineachhabitatSincethegeneral
methodoffieldcollectionreportedbyKanaev1952and
Southwood1971wasunsuitabletoourexperimentthe
mostappropriatetechniqueemployed4vegetationsub
stratesamplesperreplicateforpastures4bamboostake

ResearchpartiallysupportedbyGrantGB31068oftheNation
alScienceFoundationandgrantsinaidandassistancefromthe
SoutheastLosAngelesCountyOrangeCountyandKernMos
quitoAbatementDistrictsCalifornia

2UniversityofCaliforniaDivisionofBiologicalControlRiver
sideCalifornia92502

3MetropolitanMosquitoControlDistrict797RaymondAvenue
StPaulMinnesota55114FormerlyKernMosquitoAbatement
DistrictPOBox9428BakersfieldCalifornia93309
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samplesYu Legner1973forriverseepageareasand
160bamboostakescombinedwith16replicatethinverti
callyplacedwhiteplasticplates304x102cniBamboo
stakeswerespacedca15cmapartandplatesca305cm
apartHydrathatbecameattachedtothestakesandplates
werecountedimmediatelyinthefieldandreturnedtoeach
respectiveplot

Statisticaldifferencesweretestedbetweencontroland

treatmentmeansusingStudentsttestSnedecor1946
andnotransformationswererequiredofthenormallydistri
buteddata

RESULTSANDDISCUSSION

cedesnigromaculisHabitatAsignificanthostpopula
tionreductionappeared24hoursafterhydrawereinocu
latedinpastureswith578actualdestructionTable1
Hostdestructiongraduallyincreasedto845onJuly30
thedifferencesindensitybetweeninoculatedplotsandthe
controlsbeingsignificantatthe95levelThepasturemos
quitopopulationbeforetreatmentaveraged1170larvae
dipinthecontroland1175dipinthetreatedareasMos
quitodensityinthecontrolspeakedonJuly29whileareas
thathadbeeninoculatedwithhydraweresignificantly

lower95levelTable1Afterdryingandsubsequent
refloodingonAugust14theAedespopulationdidnotre
coverthehighdensityobservedinJulybutasignificantly
lowerdensitywasrecorded95levelinthehydratreated
plotsTable1

Thehydrapopulationduringthefirstirrigationinterval
couldnotbedeterminedhoweveritwasconfirmed
throughobservationofvegetationsubstratesthathydrahad

Table1AveragenumberofAedesnigromaculislarvae
400m1dipinirrigatedpasturestreatedwithChlorohydra
riridissimaascomparedtoacontrolKernCounty1973

Avglarvaedip

SampleDateControl Treated Destruction

Pretreatment

July26

PostTreatment

July27
July28
July29
July30
August14
August15

1170 1175

628

1523

2150

1050

105

113

100treatmentcontrolx100

2significantat95level

265

688

642

163

043

073

5780
5483
70A4
8448
5905
35402
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survivedthedryingperiodinlownumbersabout5ofthe
inoculatedpopulationTemperatureconditionsduringthe
pastureperiodwerewithinthetolerablerangeof2538C
determinedforthishydrastrain

CulextarsalisHabitatsRiverSeepageThefirstsignifi
cantCtarsalispopulationreductionwas287recorded24
hoursafterhydrainoculationTable2Onthesecondday
thereductionwasincreasedto389Table2Theover
allpopulationdestructionwas339whichwaslower
thanintheAedesnigromaculisexperiment672 These

reductionsweresignificantlydifferentatthe95levelThe
controlCulexpopulationbeforetreatmentwasnotsignifi
cantlydifferentfromthetreatmentplotsTable2Lower
efficiencyofcontrolinriverseepagemayberelatedtocom
parativelypooradaptabilityofgreenhydratothishabitat
asdeterminedpreviouslywiththemethodofYuandLeg
ner1973Continuedmonitoringofthispopulationwas
precludedbyunexpectedappearanceofGambusiatop
minnowsinthetestarea

Table2AveragenumberofCulextarsalislarvae400
mldipinKernRiverseepagetreatedwithChlorohydra
viridissimaascomparedtoacontrolKernCounty1973

Avglarvaedip
SampleDateControl Treated Destruction

Pretreatment

June28 5567

PostTreatment

July5 11821

July6 12131

1100treatmentcontrol x100

Zsignificantat95level

6283

8425 2873
7406 3895

DuckClubPondsThefirstsignificantpopulationre
ductionof493wasobtainedoneweekafterthehydra
treatmentTable3Thereafter destructionincreasedpro
gressivelyuntilOctober13toamaximumof792 After

thisdatethedegreeofdestructiongraduallydecreasedto
667and50onNovember15andDecember20respec
tivelyTable3Nosignificantdifferencesweredetectedat
the90levelaftertakingtheNovember15sampleThe
overallaveragedestructionwas637 significantatthe
95level

ThepresenceofhydrakepttheCtarsalispopulation
densitybelowthearbitrarythresholdof1dipbeginning
twoweeksafterinitialinoculationTable3Theseresults

Table3AveragenumberofCulextarsalislarvae400
mldipinduckclubpondstreatedwithChlorohydraviridis
simaascomparedtoacontrolKernCounty1973

Avglarvaedip
SampleDate Control Treated

Pretreatment

August29
September8

PostTreatment

September22
September29
October5

October13

November15

December20

406 644

581 703

430

340

180

048

006

007

1100treatmentcontrol x100

Zsignificantat95level

218

112

054

010

002

003

Destruction

4930
6706
7000
7917
6667

5714

closelyparalleledthoseobtainedwithCpeusandCpip
iensquinquefasciatusin1972YuandLegner1973

Thehydrapopulationmeasuredasthemeannumber
20bamboostakeswas035rowtwoweeksafterinocula
tionThisincreasedto055 rowattheendofthethird

weekAmeasurementwithplasticsamplersshowedhydra
numbersof223sampleronemonthafterinoculationand
anincreaseto320 samplerinthefollowingmonthca
43increaseHoweverthebuddingindexieameasure
ofenvironmentalfavorabilitydecreasedslightlyfrom042
to035
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LABORATORYANDSMALLSCALEFIELDEXPERIMENTSWITHPLANARIA

TRICLADIDATURBELLARIAASBIOLOGICALMOSQUITOCONTROLAGENTS

EFLegnerandRAMedved

UniversityofCalifornia
DivisionofBiologicalControlRiversideCalifornia92502

Theextraordinaryregenerativecapabilitiesofplanaria
TurbellariaTricladidaPlatyhelmintheswereknownsince
theearly1800ssomeinvestigatorsconsideringthemal
mostimmortalundertheedgeofaknifeBronsted1969
Theabilityofplanarianstodevourmosquitoesamongother
preywassoondiscoveredandJenkins1964included
planariainhislistofmosquitopredatorstherebypointing
outtheneedforinvestigationsinbiologicalcontrolTodate
therehavebeenfewformalattemptstoexploremosquito
controlpossibilitieswithplanaria

TheTurbellariaarenearlyallfreelivingnonparasitic
wormlikeanimalsBorradaileandPotts1958Amongthe
6ordersarespeciesthathavegreatpotentialaspredatorsof
mosquitoesinfreshwaterhabitatsSomegenerainthe
orderRhabdocoelasuchasllierostonrutnretainnemato

cystsintheirectodermwhicharederivedfromCoelenter
atesonwhichtheyhavefedKepnerandBarker1924
Suchstructuresareusefulinwardingoffpredatorsbut
alsomaybeusefulinkillingmosquitoes

Ourattentionwasdrawntoacontaminatecultureof

DugesiadorotocephalaWoodworthTricladidainmos
quitorearingpondsattheUniversityofCaliforniaRiverside
in1971LegnerandMedved1972Repeatedsubsequent
observationsofthisspeciesinpondsfollowedbyeradication
ofCulexpeusSpeiserCtarsalisCoquillettandCpipiens
gainquefasciatusSayimmaturestagesgavestartlingtesti
monyoftheplanariansdestructivecapabilitiesStudies
werebeguntoexamineDdorotocephalaasapredatorof
Cpeusundercontrolledlaboratoryandfieldexperimental
conditions

Laboratorystudiesin1Lpolystyreneaquariashowed
thatreproductionofDugesiabytransversefissionwas
acceleratedbyhigherfeedingratesandcrowdingMedved
andLegner1974Lossofappetiteinculturecouldbeoff
setbyincreasingthedensityofDugesia

Fieldexperimentsin1m02mdeepredwoodsided
pondsshowedthat100inoculatedDugesiasignificantly
suppressedsecondandthirdinstarCulexpensthatwere
providedattherateof200weekfromJuly16through
August15Table1MedvedandLegner1974

Acomparisonbetweena2yearoldlaboratorycultureof
theDdorotocephalaplanariawith2culturesobtainedfrom
LytleCreekintheSanGabrielMountains42kmdistanton
2separatedatesinSeptember1973showedaslightly
greaterbutnotsignificantrateofmultiplicationinthe
laboratorycultureTherewerenoapparentdifferencesin
theirrespectivefeedingratesonCulexpensMedvedand
Legner1974

ResearchsupportedbygrantsfromtheSoutheastLosAngeles
andOrangeCountyMosquitoAbatementDistricts
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DISCUSS10NDugesiadorotocephalaisnegativelypho
totacticandremainshiddenunderrocksanddebrisinthe

waterduringdaytimeIndarknessitcrawlsandslidesover
solidsurfacesandglidesthroughthewaterinwhatappears
tobeasearchforfoodThestickymucusissecretedby
epidermalglandswhichaidsinattachmenttosurfacesand
inthecaptureofpreyBesidesmosquitopreyvariousspec
iesofplanariaareknowntofeedonsmallcrustaceansand
othersmallaquaticorganismswhichtheytrapintheir
secretedmucusCastle1928HymanandJones1959Storer
andUsinger1965DeadorganismsarealsoconsumedIn
theabsenceoffoodplanariaareabletoresorbinternal
organstherebyavoidingearlydeathStorerandUsinger
1965

Planariahaveneverbeenmassproducedinnumberssuit
ableformosquitocontrolbutasexualreproductionis
knowntobeenhancedbycertainchemicalsubstancesby
increasingplanariadensityBronsted1969andthetem
peratureoftherearingmediumCastle1928Mechanical
sectioningofindividualscanresultintheformationofsev
eralregeneratedindividualsbutthetechniqueislaborious
doesnotconsistentlyproduceregeneratedindividualsand
isprobablyunsuitedformassproduction

Behaviorstudiesinlaboratoryaquariaandinanoutdoor
benthoaquariumBay1972showedthatDugesiniscapable
ofkillingandconsumingthefluidcontentsofallCulex
larvalinstarsaswellasthepupaandeggraftsMucussecre
tionseffectivelyimmobilizedCulexlarvaewhichcouldthen
beconsumedlaterThesecretionswerealsousedtocement

particlesofsandtogetherwhichservedasanchorstowhich
mosquitolarvaewereactivelyattachedThecementedpar
ticlesalsocouldserveasrestingsitesforDugesia

Table1AveragedensityofCulexpeuslarvaein1m2
pondsintheinitialpresenceof10014cmDugesiadoro
tocephalaonJuly16comparedtoacontrolRiverside
California1973

AygNo40m1dip

SampleDate DugesiaPresentControl Destruction

July20
July27
August2

August10
August15

2
Averageof3replicates

025

037

063

0

012

1
Averageof2replicates

3100treatmentcontrol x100

450

675

700

250

375

9944

9452

9100

100

9680
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Dugesiadeprivedoffoodfor48hoursrespondedwithin
minutestoCulexlarvalfoodLarvaeatthesurfacewere

ensnaredinmucusbyDugesiaglidingthroughthesurface
filmofwaterThefluidcontentofsuchlarvaewaseither

consumedatthesurfaceorafterlarvaehadsunkdisabledto

thebottomSomegroupfeedingactivitywasalsoobserved
whereupto12DugesiacooperatedinsnaringpreyNo
intraspecificcombatwasobservedevenwhen2ormore
DugesiafeduponasingleCularva

WigglingCulexlarvaewereinvariablypreferredto
motionlessordrownedlarvaeEffectiveforagingoneggs
larvaeandpupaeofAnophelesandCulexwasalsoobserved
infloatingfilamentousalgalmats

Anoptimumtemperaturerangeof2026Cwasdeter
minedforthisspeciesin1LlaboratoryaquariaAbove
29CDugesiaceasedtofeedandretiredtocoverunder
benthicrocksanddebriswithmortalityensuingafter20
minat30CAlthoughthemaximumwatertemperature
duringthefieldpredationexperimentTable1exceeded
the30Clethallevelbyabout3Caveragetemperatures
werewellintherangeofoptimumDugesiaactivity

ACOMPARISONOFPARITYRATESINMOSQUITOESCAPTUREDBYLIGHTTRAP

ANDCO2SUPPLEMENTEDLIGHTTRAP

MarkFFeldlauferandWayneJCrans

RutgersUniversity
DepartmentofEntomologyandEconomicZoologyPostOfficeBox231NewBrunswickNewJersey08903

ABSTRACT

AlthoughCOintheformofdryicesuspendedneara
lighttrapincreasesthenumberofmosquitoescaptured
littleinformationexistsontheparityratesofthosemosqui
toesAstudywasdesignedtodetermineifeithertrapping

methodlighttraporCOsupplementedlighttrapwas
moreselectiveforaspecificagegroupofmosquitoes

ThreeStandardNewJerseyLightTrapswereeachbaited
alternatelywithapproximately3kgofdryiceweekly
Morethan15000mosquitoesweretrappedandidentified
duringthestudyand3600orabout25weredissectedfor
forparitydeterminationParitywasdeterminedby
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DetinovasmethodoftracheolationTwelvespeciesrepre
sentingsixgenerawerecollectedwithCulexsalinarius
AedescanadensisAsolicitansAvexansandAcanta
torbeingthepredominantspecies

Foreachspeciesthelighttrapattractedasignifi
cantlygreaterpercentageofparousmosquitoesthandid
theCOsupplementedlighttrapThedifferencebetween
thetrappingmethodsrangedfrom113inCulexsalin
aruisto274inAcantatorOverall45ofallmosqui
toestrappedintheunsupplementedlighttrapwereparous
comparedto31intheCOsupplementedtrap



BACILLUSSPHAERICUSvarFUSIFORMISASAPOTENTIALPATHOGEN

AGAINSTCULEXTARSALSANDCULEXPIPIENS

LJGoldberg IFordandSSinger

ABSTRACT

TheinitialfindingofSingeronthelarvalactivityofBacillus
sphaericusvarfusiformisagainstCulexpipienshasbeenindepen
dentlyconfirmedaswellasextendedtoincludeCulextarsalislarvae
Excellentactivityunderlaboratoryconditionscoupledwithvery
promisingleadsontechniquesforlongtermstoragesuggeststhat

KellenClarkLindegrenHoRogoffandSinger1965
demonstratedthatanisolateofBacillussphaericusvarfusi
formisNeidehadalowbutmeasurablelarvalactivity
against10speciesofmosquitoesTheED50dosagesranged
from10 10sporesmlIntestingaseriesofaccessions
oftheWorldHealthOrganizationInternationalReference
CenterWHO1RCwhichwereinitiallyobtainedfrom
DelhiIndia1321IXSingerisolatedBsphaericusSever
alsuchisolatesdemonstratedmarkedlarvalactivityagainst
CulexpipiensvarquinquefasciatusThesefindingswere
publishedbySinger1973Hewasabletodemonstratea
10improvementinactivityoverthatreportedbyKellen
etal1965Singersearlierworkwasrepeatedandcon
firmedatNBRLOfequalimportancehoweverwasthe
observationthatthisisolatedemonstratedmarkedefficacy
againstCulextarsalislarvae

MATERIALSANDMETHODS

CulturepreparationandassayAninoculatedBH1agar
plateBrainHeartInfusionDifcoincubatedfor1824hrs
at30CwasusedasaseedculturesourceAfreshtransfer
wasmadewhereveranewexperimentalchallengeserieswas
initiatedsothattheinoculumwasnomorethan13days
oldAgenerousloopfullfromtheagarsurfacegrowthwas
usedforabrothinoculumortoseedaselectedsolidnutri

entagarForplateinoculum01mlofsteriledistilled
waterwasaddedtoaloopinoculatedagarsothatanemul
sifiedinoculumcouldbeeasilyspreadovertheentireagar
surfacewiththeaidofadallyrod

Thesurfacegrowthfromanagarplatewasremovedwith
two5mlsequentialwashingsusing1sterilepeptone
solutionpH70Thisprovidedatestsuspensionof28
x10cellsmlinthecaseofN2xagarproprietarymedium
obtainedfromNutrilite

Allincubationwasat30CBrothcultureswereplaced
onarotaryshakerusing50mlofcultureina250ml
ErlenmeyerflaskViableassaysweredoneusingpeptone
dilutionsandBHIagarplatesincubatedfor24hrsat30C

AlfalfainfusionagarSixteengramsoffreshfrozenal
falfainoneliterofdistilledwaterwereautoclavedfor45

minat20lbsqinusingatwoliterflasktominimize
liquidlossThehotliquidwasfilteredthroughglasswool
andthen15gofagarwereadded15 Thisliquidwas

NavalBiomedicalResearchLaboratoryNavalSupplyCenter
OaklandCalifornia94625

2WesternIllinoisUniversityMacombIllinois61455

thismicrobialpathogenmayprovesuccessfulunderconditionsof
practicalfieldapplicationUnfortunatelythelarvalspectrumof
activityhasbeenobservedtohequitelimitedsincenoeffective
controlwasnotedusingthisselectedpathogenagainstAedesdorsal
isAedestaeniorhvnchusAedesaegyptiandAnophelesfreehorni

reautoclavedforanadditional15minafterwhichthishot

sterilefluidwasasepticallydispensedintosterilepetridishes
20mldish

LarvaltestchallengeAlltestlarvaewereheldat77
25Cin05ozplasticwells25wellspertraycontaining
2larvaeand4mlofanutrientfluidtoprovideforlarval
growthAn18gaugebluntedhypodermicneedlewasused
toaddtwodrops04mlofadesiredtestchallengedilu
tiontoeachtestwellthusprovidinga1100dilutionof
theinitialchallengefluidforalarvalwellchallenge

MaintenanceoftestlarvaeAlltestchallengedlarvae
werehelduntiladultemergencewascompletedapproxi
mately11daysDatareportedarebasedonhealthyadult
emergencyieafullyformedadultmosquitoMortality
occurringduringthelarvalstagethepupalstageorresult
ingduringadultemergencewasnotedAdditionallydefec
tiveadultswereobservedandrecordedThedatareported
howeverarebasedonhealthyadultemergenceforeaseof
presentation

RESULTSANDDISCUSSION

DataaresummarizedinTableIItisimportanttonote
thatthedifferenceinsusceptibilityofsecondlarvalinstar
challengeversusfourthlarvalinstarchallengeislessthana
factorof4A13aresultwhichwasnotobservedusing
BacillusthuringiensisHD1Goldbergetal1973Arela
tivelylowlevelofactivitywasnotedagainstAedesdorsalis
AedestaeniorhynchusAedesaegyptiandagainstAnopheles
freeborniinparallelteststhuslimitingthepotentialrange
ofapplicationofthislarvalpathogen

Itisimportanttodefinetheroleofthegrowthmediafor
thisuniquelarvalpathogenWhenthisorganismwasgrown
usingBrainheartinfusionagarorbrothnutrientagaror
brothtrypticasesoyglucoseyeastextractandseveral
othertestmediaamarkedlyreducedlarvalactivitywas
notedcomparedtotheactivityobtainedusingasynthetic
growthmediadevelopedbySingerByabitofluckan
elementinresearchwhichisrarelygivenpropercreditit
wasnotedthatthisorganismwouldgrowseededontoa
freshfrozenalfalfainfusionproducinganactiveortoxic
culturebutunfortunatelywithatenfoldreductionincell
yieldascomparedtoaparalleltestcultureusingthesyn
theticortheN2XmediaCThisresultsuggestshowever
thatthisorganismmaybecomeestablishedunderselected
fieldconditionsandprovideforlongtermcontrolwitha
minimalrequirementforreseedingifthisorganismcan
multiplyinthegrasswaterinterface
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Table1ObservedresporseofCulextarsalisKLtochallengeofBsphaericusSSII1

A 11HrN2xbrothculture300C
2ndinstarlarvalchallenge

estED 16x 10 est ED 53x 10
Bo 810HrN2xbrothculture30C

4thinstarlarvalchallenge

est ED 56x 10mI est ED 109x 10m1

Co 24Hroalfalfainfusionagarculture300C
2ndinstarlarvalchallenge

est ED 70x 10m1 est ED 24x 10mI
ORONOONOMEMNNW

Do 24HrN2xagarculture30C
2ndinstarlarvalchallenge

est ED 700cellsmlclone6
est ED 18x10 cellsmlclone8

rankingof10testclones 6571239108
E 24HrN2xbroth30 refr3daysvacuumdriedat23 H

for18Hrat45C
2ndinstarlarvalchallenge

est ED 104x 10m1 estED50 x 10m1

Forpracticalfieldutilizationitisalmostessentialthat
thesporephaseofthisorganismbeutilizedCurrently
optimalactivityisassociatedwiththelatevegetativephase
ofgrowthBycarefulclonalselectionDhoweverweare
currentlyabletodemonstratehighactivityinpurespore
preparationsasisevidencedbyaED50valueof700cells
forcloneno6Allofthetestcultureresultsaresummar

izedinTable1Dweregrowntoproducenominalpure
sporepreparationsbutoncomparingtheactivityofclone
no8vsno6aconsiderablerangeintheED50doseis
evidentthusdemonstratingboththerequirementandthe
feasibilityofclonalselection

NutriliteProductsIncofBuenaParkCaliforniatested
thegrowthofBsphaericusSSIIIinamediumusedfor
thecommercialproductionofBthuringiensisCellsgrown
inthismediumwereequallyaseffectiveinlarvalcontrolas
the grownusingasyntheticmediumdevelopedbySinger
Moreimportanthoweveravacuumdriedpreparationwas
foundtohaveanactivityequaltoafreshbrothculture
Efollowingastorageofoneweekatroomtemperature
Wearecurrentlyattemptingtostandardizethepreparation
ofadrycultureforsubsequentfieldtestingItisprojected
that01lbsacreafigurebasedonourcurrentlaboratory

datamayproveeffectiveforfieldcontrolie10cell
ml ED9010cellsgmtechnical1lbacre1gm1in
6ofwater

FollowingEPAapprovalweareplanningtoinitiate
fieldstudiesinKernCountyMosquitoAbatementDistrict

Thecurrentemphasisonnarrowspectrumcontrolwhich
shouldminimizeecologicaldisturbanceshashoweverre
sultedinanorderofmagnitudeincreaseincostsAsa
resultofthesefactorsdirectgovernmentfinancialsup
portinrelationto1basicresearch2EPAapprovalfor
fielduseand3commercialproductdevelopmentrequires
newfundingconceptsWesincerelyhopethattheEPA
workshopswhicharecurrentlybeingformulatedwillplace
theseproblemsontheiragendaforimmediatepriority
action

ReferencesCited

GoldbergLJandIFord1973FifthInternationalColloquium
onInsectPathologyandMicrobialControlAbstract

KellenWRTBClarkJELindegrenBXHoMHRogoff
andSSinger1965JInvertPathol7422

SingerS1973Nature2445411110
BruenJPLJGoldbergAMTanabeandHMSWatkins

1972Asimplifiedbioassaysystemfortestinginsectpathogens
againstmosquitolarvaeNBRLTPr474233239



REPRODUCTIVECAPACITYOFAEDESNIGROMACULISANDDENSITYOFEGGSIN

OVIPOSITIONSITES

TakeshiMiuraRMTakahashiandGYoshimura

UniversityofCalifornia
MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

ThepasturemosquitolodesnigromaculisLudlowis
oneofthemostabundantandnoxiousmosquitoesoccurr
inginirrigatedpasturesintheCentralValleyofCalifornia
howeververylittleisknownaboutitsreproductivecapa
cityandthedensityofeggsinnaturalovipositionsites
AccordingtoHusbandsandRosay1952fieldcollected
mosquitoesfedonhumanbloodproduced0to110eggsper
femaleinthelaboratoryBarrandAIAzawi1958report
edthatafemaleofthisspecieslaid156eggsonthesurface
oftapwaterinatesttubeMiuraandTakahashi1972a
reportedthatthemeannumberofeggslaidbyfemalesfed
onrabbitbloodwas116witharangeof55to218Females
ofthisspeciespreferablylaidtheireggsinbunchgrass
clumpsinirrigatedpasturesespeciallytheclumpsinde
pressionswheremoisturecontentwashighandcouldbe
retainedforalongperiodMiuraandTakahashi1972b
Nothinghasbeenreportedonthedensityofeggsinnatural
ovipositionsites

Theobjectiveofthestudywastodeterminetherepro
ductivecapacityofpasturemosquitofemalesandtoesti
matethenumberofeggslaidperunitofbunchgrassclumps
inirrigatedpastures

MATERIALSANDMETHODS

ReproductiveCapacityMosquitoesusedinthisstudy
wereeitherlaboratoryrearedorcollectedinthefieldaslate
stagelarvaeoradultsThemethodsusedforrearingand
handlingwerethoseofMiura1967unlessotherwise
statedThereproductivecapacitywasestimatedbytwo
differentprocedures1theactualmeannumberofeggs
laidperfemale2themeannumberofoocytesper
femaleateachdevelopmentalstageoftheovarianfollicles
Thenumberofeggslaidperfemalewasdeterminedfrom
23dayoldwellfedfieldcollectedmosquitoesindividually
isolatedin15x125mmtesttubeseachofwhichcontained

amoistenedstripofabsorbentpaperforovipositionDixie
cups4ozwerealsousedasovipositionchambersThere
productivecapacityofthefieldcollectedadultsdescribed
abovewasalsoestimatedbyallowinggroupsoftentoovi
positin2quartcartonswithnettops

Thereproductivepotentialofthisspecieswasdetermined
bycountingoocytesintheovarianfolliclesThetechnique
usedwasdescribedbyRosay1969

ThereproductivecapacitiesoftheOPRandSstrainsof
thisspeciesweredeterminedfromfemalesmaintainedby
theinducedmatingtechniqueMiura1969

DensityofEggsinOvipositionSitesThemethodsused
fortakingsamplesandestimatingeggdensityinthesamples
wereaspreviouslydescribedMiuraandTakahashi1972b
exceptwherenotedotherwiseCoresamplesabout7cm
diameterand25cmdeepwerecollectedfrombunchgrass
clumpsinirrigatedpasturesEggnumberswereestimated
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fromthenumberoflarvaethathatchedduringrepeated
floodingsofeachsampleinthelaboratory

RESULTSANDDISCUSSION

Thenumberofeggslaidinagivenbatchvariedgreatly
amongindividualfemalesTable1Themeannumberof
eggslaidbyindividuallyisolatedfemaleswasabout125
anaverageofonly82eggswerelaidbyeachofthefemales
keptingroupsThemaximumnumberofeggslaidper
femalewas228bytheisolatedfemalesand226byfemales
heldingroups

Table1MeannumberofeggslaidbyindividualAedes
nigromaculisfemales

ContainerNoTests Mean Range
I

Host

Testtube 41 133 47228 Rooster

Dixiecup 29 116 55218 Rabbit

2quart
carton 28 82 23226 Rooster

1Femaleswhichfailedtolay eggswereexcluded

Femaleswerekeptindividuallyisolated
31emales werekeptingroupsoften

Generallyeggproductionisgreatlyinfluencedbymany
factorssuchasquantityandqualityofbloodmealand
presenceorabsenceofmatingstimuliClements1963The
numberofeggslaidbypasturemosquitofemalesshoweda
positivecorrelationwiththesizeoffemalesandalsowith
theamountofbloodmealMiuraandTakahashi1972a
Theretentionofoneormoreeggsintheovaryfollowing
ovipositionalsooccurredinthisspeciesMiuraunpub
dataThusthetotaleggsproduceddoesnotrepresenta
trueestimateoftheactualreproductivepotentialofthe
species

Thereproductivepotentialof4nigromaculisasdeter
minedbythenumberofoocytesisshowninTable2The
meannumberofoocytesatthefolliculardevelopmental
stageIwas154and156atstage11Markedreductionsin
thenumberofoocyteswerenoticedatstages111IVandV
Themaximumnumberofoocytesrecordedwas265iea
single1nigromaculisfemalecanoviposit265eggsifcondi
tionsarefavorableThemaximumnumberofeggsdeposited
perfemalewas228Table1

While4nigromaculiseggswerebeingmassproducedvia
theinducedmatingmethodMiura1969thetotalegg
productionoftheOPSstrainwasmuchhigherthanthatof
theOPRstrainTable3Toconfirmthisphenomenonthe
meaneggproductionoffieldcollectedSandRstrainswas
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Table2MeannumberofAedesnigromaculisoocytesateachfolliculardevelopmentalstage

Follicular

Developmental
Stage

II

I11

IV

V

Mean

17

10

9

7

18

1Christophersclassification

1Femalesheldin groups

NoEggs

45790
2329

2100
16546
1513

1273
976

856

773

992

769

747

OPSStrain

No Mean Range

152

158

108

88

88

4560cm049ft
385cm 042ftz
384cm 042ft

3534cm 382ft
385cm 042ft
385cm 042ft
385cm 042ft
385cm 042ft
385cm 042ft
500cm 054ft
385cm 042ft
385cm 042ft

105204

105219

61192

50138

52206

1188 1196 1508 1312

Table3MeannumberofeggslaidbyOPRStrainand
OPSStrainofAedesnigromaculisfemales

RStrain SStrain

No No

MosqSource testsMeanRangetestsMeanRange

Fieldcollected 7 5522226 20 9240157

Inducedmating76 20 156 50 32 589

Table4SomeunusuallyhighnumbersofAedesnigro
maculiseggsrecoveredfrombunchgrassclumpscollected
fromtheCostaPastureKingsCountyCalifornia

SizeofSample Eggsper1ft

92978
55452

50000
43348

36024
30310
23238
20381

18404
18370

18310
17786

9

10

17

12

20

l
Eggnumbersassumedsameasnumbersoflarvaethathatchedfrom

eachsample

comparedTable3ThemeaneggproductionoftheOPS
strainwasgreaterthanthatoftheRstrainbutthemean
numberofoocytesintheovariesoftheSstrainwasapprox
imatelythesameasthatfortheRstrainWhetherornot
themechanismcausingresistanceisalsoresponsibleforre
ductionofeggproductionisunknown

Detectionoffieldovipositionsitesandestimationofthe
numberofeggsinthosesiteisofpracticalimportancefor

OPRStrain ResistanceUnknown
No Mean Range No Mean Range Mean

145

132

117

107

97

114176

109170

72169

61174

42155

7 168 138190 154

13 173 74221 156

25 154 94265 133

4 119 75144 103

23 140 76191 110

mosquitocontrolagenciesThedatareportedherearein
agreementwiththeresultsofourpreviousstudywhich
showedthatAnigromaculisfemalesdepositedtheireggsin
bunchgrassclumpsWithinagivenclumpmosteggsare
depositedattheperipheryandnearthesurfaceofthe
groundFigure1

Themeannumberofeggsestimatedfromcoresamples
385cmor0042ftwas247whichisaboutequal
to256176360peracreThemaximumnumberof
eggsestimatedwas45790per459cm049ftor
4050121680eggsperacreFigure2Afewsamples
whichproducedanunusuallylargenumberofeggsarede
scribedinTable4Thusthisfigureagreeswiththelarge
numbersoflarvaethatarefrequentlyfoundduringthe
fieldseason

SUMMARY

1Themeannumberofeggslaidbyindividuallyisolated
Anigromaculisfemaleswas125themaximumeggout
putwas228

2Baseduponoocytenumbersintheovaryfemalesofthis
speciesprobablyarecapableofproducing260eggsor
moreThemeannumberofoocytesatstagesIandIIwas
155

3ActualeggproductionoftheOPSstrainwaslargerthan
thatoftheRstrainhowevernumberofoocytesper
femalewasalmostidentical

4Themaximumnumberofeggsdepositedper1ftarea
ofbunchgrassclumpswas92978Themeanwas5881
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ABSTRACT

ThreestrainsofCulexsalinariusfromConnecticutLouisiana
andMarylandweremaintainedunderlaboratoryconditionsFemales
ofthe3strainswerefedondogsinfectedwithDirofilariaimmitis
TheMarylandstrainfedmostreadilyonthedogs460of1680
mosquitoesoffereddogbloodaccepteditResponseoftheConnect
icutstrainwas372of2402andoftheLouisianastrain251
of1409

All3strainssupportedDimmitislarvaldevelopmentalthough

INTRODUCTIONCanineheartwormdiseaseishighly
enzooticalongtheeasternseaboardoftheUnitedStates
fromNewJerseytoTexasOtto1972Culexsalinarius
CoquillettreachesitsgreatestabundanceintheAtlantic
andGulfCoastregionsMurphey1961Mallacketal
1971studieddogheartwormatahuntclubnearUpper
MarlboroMarylandThedogswereAmericanFoxhounds
19monthsandolderOf34dogs28or76werepositive
forDirofilariaimmitisLeidymicrofilariaeSamplesof
mosquitopopulationsobtainedwithCDCtypelighttraps
showedthatCulexspeciescomprised502ofthemosqui
toescollectedandCsalinariuspredominated

Ludlametal1970reviewedtheliteratureandreported
thatintheUnitedStates25speciesofmosquitoescouldbe
consideredpotentialvectorsofDimmitisOfthese5are
inthegenusCulexIngeneralaspecieshasbeenconsidered
tobeapotentialvectoriffemalessupportdevelopmentof
filariaetothethirdorinfectivestageHu1931and
Summers1943foundthatCsalinariusdidnotsupport
thedevelopmentofthefilarialparasitetotheinfective
stageNeverthelessinMarylandithasbeengenerallyknown
formanyyearsthatCsalinariuspopulationsareoftenlarge
inareaswheretheincidenceofcanineheartwormdiseaseis

highThisdoesnotestablisharelationshipbetweenthetwo
butdoessuggestaneedtoinvestigatethepossibilitythata
correlationbetweenthetwomightexistTothatendcol
oniesof3laboratorystrainsofCsalinariuswereestab
lishedTheobjectivesofthisstudywere1toallowfemale
mosquitoesofthe3strainstotakepotentiallyinfective
bloodmealsfromdogsharboringDimmitisand2to
monitorthelarvaldevelopmentofDimmitisinthesemos
quitoestodetermineiftheymightserveasanintermediate
host

METHODSANDMATERIALSRearingMosquitoes
The3strainsofCsalinariususedinthisprojectwere1
TheLouisianaLastrainprovidedbyDrHCChapman
ofLakeCharlesLouisianawhereitwascolonizedin1966
ChapmanandBarr19692TheYaleArbovirusResearch

lMajorpartofathesissubmittedbythefirstauthortothe
GraduateSchooloftheUniversityofMarylandinpartialfulfill
mentoftheMSdegreerequirements
2ScientificArticleNoA1969ContributionNo4904ofthe

MarylandAgriculturalExperimentStationProjectH104
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maturationoflarvaetotheinfectivestagewasobservedonlyinthe
ConnecticutstrainInfectivelarvaewererecovered1118and20
daysaftertheinfectivebloodmealPercentagesofMarylandLouisi
anaandConnecticutstrainmosquitoespositivefordevelopinglar
vaeofDimmitiswere057142and340respectivelyThe
intensityofinfectionnumberofdevelopinglarvaeperinfected
mosquitowasrespectively10133and105forthethree
strains

UnitYARUstrainobtainedfromDrRCWalliswho
colonizedthisstrainatNewHavenConnecticutin1967
WallisandWhitman19683ThePocomokeCypress
SwampPCSstraincolonizedin1972fromthelocal
sourceinMarylandafterwhichitwasnamedbyColBruce
EldridgeattheWalterReedArmyInstituteofResearchand
suppliedbyhimEldridgeetal1972

RearingandmaintenancetechniqueswerethoseofWallis
andWhitman1968withsomeexceptionsTheLaand
PCSlarvalrearingpanswereleftuncoveredPeeledapple
sectionswereprovideddailytotheadultstockcagesasa
supplementtothe10sucrosesolutionsChickenswere
theusualsourceofbloodmealsforthestockcoloniesof
the3strains

FeedingMosquitoesontheDogsMosquitoesforexperi
mentalfeedingsoninfecteddogswerehandledinthefol
lowingmannerHalfgallonicecreamcartonsweremodified
bycoatingthebottomswithparaffinThetopsweredis
cardedandsmallmeshcurtainmaterialwasstretchedtaut

acrosstheopeningandsecuredwithAmbroidcement
Eighteenmmaccessholeswerethencutintothesidesof
thecartonsTheseholeswereclosedwithcottonwadsUn

sexedpupaewererinsedandplacedindistilledwater12mm
deepinthecartonsAfterallowing2daysforemergenceof
adultsthewaterwaspouredoffthroughthemeshtopThe
usualnumberofpupaeplacedineachcylinderwas400al
thoughthenumberrangedfrom196to555Mosquitoesin
thesecylinderswerelaterpresentedtotheinfecteddogsfor
experimentalfeedings

Twomalemongreldogswereutilizedasthesourceof
infectivebloodmealsDogP5wasprovidedbyDrGuil
lermoPachecoLaboratoryofParasiticDiseasesBethesda
Maryland20014Thisdoghadbeeninfectedinthelabora
torybyinoculationofDimmitisinfectivestagelarvae
TheseconddogdogDwassuppliedbyDrEugeneJ
GerbergInsectControlandResearchBaltimoreMaryland
21228ThisdogwasnaturallyinfectedinGeorgiaandwas
subsequentlysecuredforDimmitisresearchTheexclusive
infectionofthisdogwasconfirmedbyDrPaulEThomp
sonoftheSchoolofVeterinaryMedicineUniversityof
GeorgiaAthensGeorgia30601Kutz1971Bothdogs
wereperiodicallymonitoredduringthecourseoftheinfec
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tionbyexaminationofstainedbloodsmearsDipetalonema
reconditummicrofilariaewereneverobservedandthe

infectionswerejudgedtobesolelyDimmitis
Immediatelybeforeallowingmosquitoestofeedupona

dogabloodsamplewastakenfromthelattertodetermine
themicrofilaremiaA23ccsamplewaswithdrawnfrom
thecephalicveinintoaheparinrinsedsyringeThemicro
filaremiawasdeterminedwithin1hourofthetimethe

samplehadbeentakenThesyringewasagitatedandafew
dropsofbloodwereexpelledfromtheneedletipwhichwas
thenwipedtoremoveanyexcessA20ul20mmdis
posablemicropipettewastouchedagainsttheneedlepoint
andfilledtotheprecalibratedmarkTwodropsofnormal
salinelightlystainedwithmethylenebluewerethenplaced
inthecenterofaglassmicroslidewhichhadbeencleaned
withabsoluteethanolThemeasuredquantityofbloodwas
thendischargedintothesalineandacornerofa20x40mm
coverslipwasusedtomixthetwoThisactionaidedin
determinationofthemicrofilaremiabyhemolysingthered
bloodcellsandlightlystainingtheparasitesThecoverslip
wasthenallowedtosettleoverthepreparationandtheslide
wasscannedformicrofilariaeAsecond20laliquotwas
drawnfromthesyringeandtreatedidenticallytothefirst
Thisprocedurefordeterminingmicrofilaremiawasrepeated
atallmosquitofeedingsAnaverageof2readingsisimplicit
wherethetermmicrofilaremiaisusedinrelationtothis

work

Whenthebloodsamplehadbeentakenthehalfgallon
cartonswereplacedagainsttheshavedsideofthedogand
themosquitoeswereallowedtofeedA30minutefeeding
periodonanunanesthetizeddogwasthestandardtech
niqueEngorgedfemaleswerethenremovedwithanaspi
ratorandplacedinsmallerholdingcartonsThesmaller
cartonswere1pinticecrearncartonswhichhadbeenmodi
fiedinmuchthesamemannerasthehalfgallononesCur
tainmaterialwasstretchedacrossthetopsandfixedwith
AmbroidcementAccessholeswerecutinthesidesand

pluggedwithcottonThebasesofthecartonswerecutoff
andreplacedwithdisposableplasticpetridishbottomsThe
petridishbottomshaveslightlytaperingsidesandfitsnugly
overtheopencartonendsTheseclearbottomsaidedinob
servationofthemosquitoesandcouldbeeasilyremoved
forcleaning

DissectionofMosquitoesandDetectionofParasites
Mosquitoeswereseparatedintodifferentgroupsbasedon
theindividualstrainandageofthegroupMosquitoesin
eachgroupwereallofthesamestrainandageThepoten
tiallyinfectedgroupswerehandledintwodifferentways
Someofthegroupswereuiedtomonitorthedevelopment
ofDimmitislarvaewithinthemosquitoSomemosquitoes
weredissectedeachdayfromthedayofthebloodmeal
dayzerothroughthe18thpostprandialdayOnthe18th
dayallremaininglivingmosquitoesweredissected

ThefollowingdissectionregimenwasusedUptothe4th
dayafterinfectionmidgutsandMalpighiantubuleswere
examinedFromday5throughday7onlytheMalpighian

tubuleswereinspectedFromday8throughday18the
Maliphiantubulesandmouthpartswerescrutinized

Mosquitoeswerepreparedfordissectionbyfirstlightly
anesthetizingthemwithchloroformandthenremoving
wingsandlegsDissectionswereaccomplishedonaglass
microslideMicroforcepswereusedtogripthelast2abdom
inalsegmentsAcurvedneedlewasthenplacedatthe
junctureofthethoraxandabdomenThelast2abdominal
segmentswerethenprotractedsothatthemidgutMalpigh
iantubulesandhindgutweredrawnoutintoadropof
salineThetubulesandmidgutwerethenexcisedandthe
restofthemosquitoremovedTheheadwaseasilysevered
attheneckandwasexaminedunderaseparatecoverslipon
thesameslideUsually5setsofMalpighiantubulesand
midgutswereplacedunder1coverslipandthe5corre
spondingheadswereplacedunderasecondcoversliponthe
sameslide

Inanattempttomaximizeproductionofinfectivestage
larvaeothergroupsofpotentiallyinfectedmosquitoeswere
carrieduntilthe18thpostprandialdaybeforeanydissec
tionswereattemptedWhenthismethodwasemployed
largenumbersofsurvivingmosquitoesweresometimesen
counteredanddissectionscontinuedthroughthe20thday
Malpighiantubulesandmidgutswereexamined

RESULTSANDDISCUSSIONDogsasHostsforCulex
salinariusThefeedingbehaviorofthe3strainsofCsalinar
iuswasnotaprimaryconcernofthisstudyHoweverfeed
ingdatawererecordedtodetectpossibledifferencesinac
ceptabilityofdogs

FemalesoftheLastrainrangedinagefrom3to8days
Table1Differentgroupsof3dayoldmosquitoesfed
irregularlyPercentfeedingrangedfrom177to495with
anoverallaverageof251Thereappearedtobenocorrela
tionbetweentheageofthemosquitoesandthenumbers
thatfedonadog

Table1FeedingresponseofCulexsalinariusCoquillett
Louisianastrainwhenpresentedtoanunanesthetizeddog
for30minutes

Dateof

blood HourofAgeofmosq Totalfemales offemales

meal blood indaysafter offeredtaking taking
1973 feeding emergence bloodmeal bloodmeal

Mar9 240 3 18132 177

310pm

Mar27 120 3 10746 222

150pm

May3 110 3 9949 495

140pm

Mar27 120 4 12425 202

150pm

Aug8 155 6 521132 253

225pm

Aug8 155 8 27780 289

225pm

Totals 1409364 251



TheageofthePCSstrainfemalesvariedfrom3to7days
Table2FourdayoldmosquitoeswereusedonApril26
and617fedonthedogThisrepresentsthehighestper
centageoffeedingforanygroupofall3strainsTherewas
agreatdifferenceinthefeedingresponseofthe2groupsof
3dayoldmosquitoesonly69of1groupfedwhile530
ofthesecondgroupfedThe7dayoldmosquitoesofJune
18werefedonthedogbetween730and800pmover
4hourslaterthantheother7dayoldgroupTherewas
moreuniformityinfeedingresponsebetweenthese2groups
thantherewasbetweenthe2groupsof3dayoldmosqui
toeswhosefeedingtimeswereseparatedbyonly20min
utesThefeedingresponsewasgreatestfor4dayoldmos
quitoesOfthe1680mosquitoesoffereddogblood773
460fedonadog

Ofthe3strainsofCsalinariustheYARUstrainwas

usedinthegreatestnumbersTable3Femalemosquitoes
ranginginagefrom1to6dayswereemployedinthisseries
ofexperimentsTheresponseof4dayoldmosquitoesaver
aged463andtheresponseof5dayoldindividualsaver
aged456 Ofthe2402femalesoffereddogblood893
or372engorged

TheacceptabilityofthedogasahostbyCsalinariuswas
previouslyreportedbyHu1931Summers1943and
Murphey1961Manyofthereportedstudiesoffeeding
behaviorbyvariousspeciesofCulexinvolvedforcedfeed
ingorlackofchoiceaswastheprocedureusedinthisin
vestigationBemrickandSandholm1966andBemrickand
Moorhouse1968useddogbaitedtrapsbutCsalinarius
didnotnaturallyoccurintheareaswheretheyworked

AbilityofCulexsalinariustoSupportIirofilariaimmitis
DevelopmentFemalesoftheLastrainwerefedonanin
fecteddogon4occasionsTable4Themicrofilaremiaof

Table2FeedingresponseofCulexsalinariusCoquillett
PocomokeCypressSwampstrainwhenpresentedtoan
unanesthetizeddogfor30minutes

Dateof

blood HourofAgeofmosq Totalfemales offemales

meal blood indaysafter offeredtaking taking
1973 feeding emergence bloodmeal bloodmeal

Apr26 130 3 10053 530

200pm

May3 110 3 1168 69

140pm

Apr26 130 4 13382 617

200pm

June18730 7 681345 507

800pm

July11 250 7 650284 437

320pm

Totals 1680772 460
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Table3FeedingresponseofCulexsalinariusCoquillett
YaleArbovirusResearchUnitstrainwhenpresentedtoan
unanesthetizeddogfor30minutes

Dateof

blood HourofAgeofmosq Totalfemales offemales

meal blood indaysafter offeredtaking taking
1973 feeding emergence bloodmeal bloodmeal

Mar9 240 1 22119 86

310pm

Mar9 240 2 21734 157

310pm

May3 110 3 13811 80

140pm

Mar9 240 4 9031 344

310pm

Mar27 120 4 19867 338

150pm

Aug21530 4 590360 610

600pm

Aug22500 4 627239 381

530pm

Mar27 120 5 13155 420

150pm

June26 105 5 9749 505

135pm

June26105 6 9328 301

135pm

Totals 2402893 372

thedogatthetimeoffeedingrangedfrom3470mf20
mm17003500mfmlOfthe364mosquitoesthatfed
onadog211weredissectedTheremaining42diedhe
foredissectionandwerenotexaminedDissectionscom

mencedat1hourpostfeedingandwerecontinuedona
dailybasisthroughthe18thdayaftertheinfectiveblood
mealMostofthemosquitoes778 weredissectedon

days17and18
Onemicrofilariawaslocatedinthemidgutof1of3mos

quitoesdissected1hourafterfeedingOnlydeadmicrofi
lariaewereobservedinthemidgutsonday1andnomicro
filariaewerelocatedintherMalpighiantubulesOnday2
1deadmicrofilariawaslocatedinthemidgutof1of3mos
quitoesdissectedFromday3through17noparasites
wereobservedAtotalof4secondstagelarvaewereseenin
3mosquitoesonday18Twoofthe4parasiteswereinthe
elongatetransitionalphaseNoinfectivelarvaewereob
servedThepercentageofmosquitoespositivefordevelop
ingstageswas142Percentpositivereferstomosquitoes
positivefordevelopingstagesoffilariaeintheMalpighian
tubulesorproboscisThismethodofreportingpositiveand
negativeresultsisinconformitywiththeworkofHu
1931HestatedAnindividualisconsideredpositive
whenallthefilariallarvaefoundinthemosquitoseemed
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Table4SusceptibilityoflaboratoryrearedCulexsalinariusCoquillettLouisianastraintoinfectionwithDirofilariaim
mitisLeidy

Dateofblood MicrofilaremiaDaysafter Number

meal1973 ofdog bloodmealdissected Negative

March9

March27

May3

August8

4220mm

6220mm

April26 10820mm

May3

June18

July11

13

1416

17

18

7020mm 18

2420mm 17

18

2 2

4 2

14 11

1hr 3

1 3

3

6day
6

57

2

2

11

2

2 3 2

315 3day 39

16 1 1

7020mm 18 22 22

3420mm 17 10 10

18 115 112

Table5SusceptibilityoflaboratoryrearedCulexsalinariusCoquillettPocomokeCypressSwampstraintoinfection
withDirofilariaimmitisLeidy

Dateofblood MicrofilaremiaDaysafter Number

meal1973 ofdog bloodmealdissected Negative

3

18

5

57

5 5

134 134

96 95

4920mm 17 199 198

likelytodevelopcompletelytotheinfectivestageorhadal
readyarrivedatthatdegreeofmaturityTheintensityof
infectionwas133Intensityofinfectionwasanotherterm
usedbyHuasanindexofvectorpotentialThisvaluere
presentedthenumberofdevelopingparasitesperinfected
mosquitoInitsdeterminationHuconsideredonlycasesin
whichallthefilariaewerewellestablishedandreaching
maturityNegativemosquitoeswerenotincludedindeter
minationofintensityofinfection

BecausedissectionsofrepresentativesoftheLastrain
immediatelyfollowingtheuptakeofmicrofilariaewere
limitedto3mosquitoesKartmans1953hostefficiency
andinfectivepotentialindiceswerenotcalculated

PCSstrainmosquitoeswereofferedbloodmealsonan
infecteddog4timesTable5Themicrofilaremiaofthe
dograngedbetween24and108mf20mm12005400
mfmlThetotalnumberofmosquitoesthatfedonthe
dogwas772ofwhich33diedbeforedissection959of
thedissectionsweremadeondays17and18Threesecond

Microfilariae

instomach

1

a1dead
b2dead

1dead

Microfilariae

instomach

Microfilariae

inMalpighian
tubules

Microfilariae

inMalpighian
tubules

2ndstage

Malpighian

tubules

a2

b1

c1

2ndstage

Malpighian
tubules

1

1

3rdstage

Proboscis

3rdstage

Proboscis

stagelarvaewereobserved2onday17andthethirdon
day18Oneoftheparasitesobservedonday17wasinthe
elongatetransitionalphaseThepercentofmosquitoesposi
tivewas057andtheintensityofinfectionwas1

Atotalof893femalesoftheYARUstraintookpoten
tiallyinfectivebloodmealsfromdogson6daysbetween
March9andAugust22Theresultsofthesefindingsare
presentedinTable6Themicrofilaremiaofthedogranged
between26and80mf20mm13004000mfmlMor
talityinthesemosquitoesbeforedissectionwas39
Dissectionswerebegun1hourafterfeedingandwerecon
tinueddailythroughday20with395completedbe
tweendays17and20Twentyninemosquitoesweredis
sected1hourafterfeedingandatotalof34microfilariae
werelocatedintheirmidgutswith13ofthe34deadThe
dayafterthebloodmealday118mosquitoesweredis
sectedand1deadmicrofilariawaslocatedinthemidgutof
eachof2mosquitoesThreeothermicrofilariaehadsuccess
fullylocatedintheMalpighiantubulesof2othermosqui



Table6SusceptibilityoflaboratoryrearedCulexsalinariusCoquillettYaleArbovirusResearchUnitstraintoinfection
withDirofilariaimmitisLeidy

Microfilariae 2ndstage
Dateofblood MicrofilaremiaDaysafter Number Microfilariae inMalpighian Malpighian 3rdstage

meal1973 ofdog bloodmealdissected Negative instomach tubules tubules Proboscis

March9 4220mm 2 2 2

4 2 2

14 38 37

March27 6220mm 1hr 3 2 1

I 3 2 1dead
2 3 I a1dead

b2dead
3 3 3

615 3day 30

16 5 5

17 6 6

18 3 2

20 26 25

May3 7020mm 18 2 2

June26 2620mm 18 54 54

August21 2820mm 1hr 16 10 a4

b4

c3

d3

c3

f1

1 10 8

toes2in1mosquitoand1inanotherOnday220mos
quitoesweredissectedand3deadmicrofilariaewereob
servedinthemidgutof2mosquitoesDissectionsondays3

a2

b1

23 10day 20

4 10 9 1

5 10 9 1

6 5 5

7 6 6

810 5day 15

11 5 4

1213 10day 20

14 10 9 1

15 10 10

16 10 9 1

17 10 10

18 88 83 a1

b1

c1

d1

August22 8020mm 1hr 10 4 a5dead

b4dead

c3dead

d1dead
e1

f1

1 5 4 1dead
211 5day 50

1213 10day 20

14 10 9

1516 10day 20

17 10 9

18 37 35
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through20revealed12secondstagelarvaeand5infective
stagelarvaeNomorethan2secondstageorthirdstage
larvaewerefoundpermosquitoInfectivestagelarvaewere
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found1118and20daysafterthebloodmealTherapid
developmenttotheinfectivestagebyasingleparasite
occurredduringaperiodofhightemperaturesinthein
sectaryDuringa6dayperiDdthedailytemperaturesrose
to86or87FItispossiblethatthehightemperatures
mighthavecausedmorerapiddevelopmentinthisinstance
Thepercentpositivewas340theintensityofinfection
105Thehostefficiencywas02912andtheinfectivepo
tential00728Hostefficiencyandinfectivepotentialare
2expressionsformulatedbyKartman1953Hosteffi
ciencyistheratiobetweenthemeannumberofdeveloping
filariaepermosquitoandthemeannumberofmicrofilariae
ingestedpermosquitoduringtheinfectivebloodmealIn
fectivepotentialistheratioofthemeannumberofinfec
tivelarvaepermosquitoandthemeannumberofmicro
filariaeingestedpermosquitoAsthepercentageofin
gestedlarvaeundergoingdevelopmentincreasestheseratios
approach1

CONCLUDINGREMARKSAll3strainsdemonstrated

apropensityforfeedingordogsandsomeindividualsof
theYARUstraintookasecondbloodmealfromadogThe
YARUstrainsupportedthehighestpercentageofdevelop
ingparasitesandwastheonlystraininwhichtheinfective
stageoftheparasitewasfoundAlthoughnothirdstage
larvaewererecoveredfromtheother2strainsadvanced
phasesofthesecondstagewereobservedinbothTherange
ofvariationinpercentageandintensityofinfectionamong
the3strainswasnotgreatThesefindingsareanalogousto
thoseofHu1931whostatedthatthelimitedrangeof
variationmightbecharacteristicofhostsusceptibilitypecul
iartothedifferentspeciesservingashoststoDimmitis
HoweverbothHu1931andSummers1943worked
withCsalinariusandexperiencedresultsunlikethosere
portedhereSummersfee72mosquitoesofwhich27
375 becameinfectedTherewasnodevelopmentbe
yondthesecondstageandthespecieswasdismissedasun
importantintransmission11uinspectedonly5mosquitoes
andfound1secondstageparasiteHebelievedthatif
enoughtimewasallowedtheparasitescouldattaincom
pletedevelopmentAlthoughnoinfectivelarvaewerere
coveredineithercasetherewasahigherpercentageofin
fectioninbothcasesTheincongruitybetweentheresults
ofHuandofSummersandthosereportedherepossiblyre
flectsdifferencesinexperimentalconditionsNeitherHu
norSummersreportedthemicrofilaremiasofthedonor
dogsTheworkofVillavasoandSteelman1970empha
sizedtheimportanceofdifferingmicrofilaremiasinrelation
todifferentlevelsofinfectionandmortalityinCpquin
quefasciatus

SpeciesofthegenusCulexaregenerallyclassedasrela
tivelypoorcarriersofDimmitisalthoughtherearereports
thatCulexspeciesmayserveasvectorsegIntermilland
Frederick1970reportedthatCquinquefasciatusandC
tritaeniorhynchusappearedtobeimportantvectorson

OkinawaKartman1953attributedtheextremelylow
densityofparasitesinCulexspeciestothedestructionof
themajorityofthemicrofilariaeinthemidgutsduringthe
first24hoursafteringestionbythemosquitoesResultsof
dissectionsofYARUfemalesduringthefirst3daysafter
theinfectivebloodmealtendtoconfirmKartmans
findings

ACKNOWLEDGMENTAppreciationisexpressedto
DrGuillermoPachecoandMrPEugeneCowgillofNIH
forinvaluableresourcesandprofessionalassistanceWealso
thankMrJerryMallackMarylandDepartmentofAgricul
tureDrGilbertFOttoUniversityofMarylandandDr
FrederickKutzEPAforadviceandassistancePartial
financialsupportwasfurnishedbyaBiomedicalScience
AwardadministeredbytheGraduateSchooloftheUniver
sityofMaryland

ReferencesCited

BemrickWJandDEMoorhouse1968Potentialvectorsof
DirofilariaimmitisintheBrisbaneareaofQueenslandAustralia
JMedEntomol5269272

BemrickWJandHASandholm1966Aedesvexansandother
potentialmosquitovectorsofDirofilariaimmitisinMinnesota
JParasitol52762767

ChapmanHCandARBarr1969Techniquesforsuccessful
colonizationofmanymosquitospeciesMosqNews29532535

EldridgeBFCLBaileyandMDJohnson1972Apreliminary
studyoftheseasonalgeographicdistributionandoverwintering
ofCulexrestuansTheobaldandCulexsalinariusCoquillett
DipteraCulicidaeJMedEntomol9233238

HuSMK1931StudiesonhostparasiterelationshipsofDirofi
lariaimmitisanditsculicineintermediatehostsAmerJIlyg
14614629

IntermillRWandRMFrederick1970Astudyofpotential
mosquitovectorsofDirofilariaimmitisLeidyonOkinawa
RyukyuIslandsJMedEntomol7455461

KartmanL1953Factorsinfluencinginfectionofthemosquito
withDirofilariaimmitisLeidy1856ExptlParasitol22778

KutzFW1971Effectsoftemperatureonvectormortalityand
onthedevelopmentofDirofilariaimtnitisLeidyinAnopheles
quadrimaculatusSayPhDThesisPurdueUniversity145p

LudlamKWLAJachowskiJrandGFOtto1970Potential
vectorsofDirofilariaimmitisJAmerVetMedAssoc157
13541359

MatlackJBSassandKWLudlam1971Dirofilariaimmitisin
huntingdogsfromanareainMarylandJAmerVetMed
Assoc159177179

MurpheyFJ1971ThebionomicsofCulexsalinariusCoquillett
PhDThesisUniversityofDelaware116p

OttoGF1972EpizootiologyofcanineheartwormdiseasePages
115inBradleyREedCanineHeartwormDiseaseTheCur
rentKnowledgeDepartmentofVeterinaryScienceInstituteof
FoodandAgriculturalSciencesUniversityofFloridaGaines
ville

SummersWA1943Experimentalstudiesonthelarvaldevelop
mentofDirofilariaimmitisincertaininsectsAmerJHyg
37173178

VillavasoEJandCDSteelman1970Laboratoryandfield
studiesofthesouthernhousemosquitoCulexpipiensquinque
fasciatusSayinfectedwiththedogheartwormDirofilaria
immitisLeidyinLouisianaJMedEntomol7471476

WallisRCandLWhitman1968ColonizationofCulexsalinarius
inthelaboratoryMosqNews28366368



FIELDEVALUATIONOFCHEMICALRADIOACTIVEANDBLINKINGLIGHT

SOURCESASMOSQUITOATTRACTANTS

RWVavraRLFrommerRRCarestiaFLHardingandDDLinehan

UnitedStatesArmy
USArmyMedicalLaboratoryFortMeadeMaryland20755

INTRODUCTIONSinceitsimprovementbySudiaand
Chamberlain1962theportablebatteryoperatedmosqui
tolighttraphasproventobeahighlyefficientandreliable
toolforcollectingadultmosquitoesintheconductofepi
demiologicalsurveysHowevertheminiaturelighttraphas
beenrelativelyexpensivetooperateintermsofelectrical
energyUtilizingsixvoltdrycellbatteriesthemotorcan
bedrivenatabatterycostofabout10anightwhereas
thelightbulbaloneconsumestentimesthatmuchelectrical
energyBarnhartPersCommunAttemptstodevelopa
moreeconomicalmeansofpowerwerelargelyunsuccessful
untilJohnstonetal1973modifiedexistingCDCtrapsto
acceptstandardDsizecarbonzincflashlightbatteriesor
heavierdutyalkalineflashlightbatteriesThisinnovation
reducedtheoperatingcostoftheCDClighttrapAsstated
previouslytheincandescentlightconsumesarelatively
largeamountofelectricalcurrentregardlessofthepower
sourcewhereasthemotorhasaverylowcurrentconsump
tionInfactfourcarbonzincflashlightbatteriesaresuffi
cientforonlyonenightsoperationwhenrunningboththe
lightandmotorexceptunderextremehotandhumidcon
ditionssuchasoccursintropicalareasInthisinstance
evenonenightsoperationmaynotbeobtainedHowever
whentheincandescentlightisremovedthosesaneD
cellswillpowerthemotorforthreeconsecutivenightsIf
thestandardincandescentbulbisremovedandreplacedby
analternateattractivelightsourcenotrequiringbattery
powerthenaconsiderablecostreductionshouldresult

Thispaperdescribesafieldevaluationofalternatelight
sourcesasmosquitoattractantsconductedduringSeptem
ber1973onMarylandsEasternShore

MAT1RIALSANDMETHODSThreedifferenttypes
ofalternatelightdeviceswereselectedforevaluationThese
areshowninFigure1Gaspoweredtritiumlightswere
purchasedfromSelfPoweredLightingLTDTelhamNew
YorkunderthecommercialnameBETALIGHTSFourdif

ferentcolorsofBetalightsgreenblueyellowandwhite
werechoseneachmeasuring22x25mmandproviding
brightnessrangingfrom3901300microlambertsBetalights
canprovidecontinuouslightforabout78yearsApproxi
matecostpersourceis2500Chemicallightswerepro
curedfromtheNavalWeaponsCenterChinaLakeCalifor
niaunderthetradenameCHEMLITESAllChemliteswere

greenincolorandwhenactivatedproducedbrightlight
forapproximately812hoursdependingontemperature
HoweverfieldtestsutilizingthesameChemlitefortwo
nightsshowedthatitwascapableofprovidingenoughlight
onthesecondnighttoattractsufficientnumbersofmos

quitoesMaximumluminescenceperlightmeasuredapprox
imatelytenfootlambertscmApproximatecostper
Chemliteis50
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BlinkinglightswereobtainedfromtheLWLAberdeen
ProvingGroundMarylandEachofthesecontainedaGE
glowlamp6ACandwhenactivatedproducedtwoflashes
oflowintensitylightpersecondforaperiodof12years
Approximatecostoftheblinkeris300

CDCminiaturelighttrapsmodifiedtoacceptDcell
batterieswereutilizedduringthecourseoftheinvestiga
tionTrapswerepurchasedfromHausherrsMachineWorks
TomsRiverNewJerseyandcontainednewBarberColman
motorscapableofprovidingupto2000hoursservice

PocomokeCypressSwampMarylandwasselectedasthe
testareaforthestudyThealternatelightsourceswere
comparedtothestandardincandescentlighttrapbulband
toeachother

CDCtrapswerefittedwiththevariouslightsourcesand
placedrandomlyinblockingfashionthroughoutthetest
areaWithinagivenblockeachtrapcontainedadifferent
lightsourceOriginallythereweretohavebeenthreeblocks
eachonecontainingseventrapsHoweverduetologistical
problemsitwaspossibletoprovideonlytwostandardand
twoblinkingtrapsThusonlynineteentrapswereestab
lished7inBlockI7inBlockIIand5inBlockIII
eachlightsourcehavingthreereplicationswiththeexcep
tionofthestandardandtheblinkingwhichhadonlytwo
replicationseachTrapswerelocatedapproxitately100
metersapartwithinblocks

Duringthecourseoftheinvestigationlighttrapswere
activatedhhourpriortosunseteacheveningandcatches
collectedhhourfollowingsunrisethenextmorningAddi
tionallyacontrolwasutilizedfromtimetotimeinwhich
onlythetrapmotorwasrunandnolightwasusedTrap
pingwasconductedforthreecontinuousweeksduring
whichatotalof373trapnightswasrecorded

Thetrapindexwasselectedasthetoolbywhichto
measuretheeffectivenessofeachlightsourceasamosquito
attractantForstatisticalpurposeseachofthecolored
radioactivelightswastreatedasaseparatevariantAccum
ulatedrawdataweresubjectedtoananalysisofvariance
ofrandomizedblocksusinga5leveloferrorThestand
arderrorofthemeanwasthenusedtocalculateDuncans

NewMultipleRangeTestatthe5levelInordertoreduce
thevariabilitybetweennightsandweeksalldatawere
standardizedbyconvertingtrapindexmeansintonatural
logarithms

1Theopinionsorassertionscontainedherein aretheprivate
viewsoftheauthorsandarenottobeconstruedasofficialoras
reflectingtheviewsoftheDepartmentofArmyortheDOD
2lncludesbothmalesandfemales



Variants Chemical Standard Blue Green White Yellow Blink

Means
1

1366 1102 965 871 602 426 318

Relationship

94

RESULTSANDDISCUSSIONAnalysisofvariance
testsperformedwithdataaccumulatedduringthecourseof
theinvestigationdemonstratedthefollowing

aTherewasasignificantdifferencebetweenweekswith
respecttonumbersofmosquitoestrappedbyalllight
sourcesAveragetrapindicesforweeks13wererecorded
as2245337and69respectively

bNosignificantdifferencewasnotedamongthethree
blocksThatisthenumberofmosquitoestrappedin
eachblockdidnotdiffersignificantly

cThereweresignificantdifferencesamongsomeofthe
lighttrapsourcesintermsofperformanceSeeTable1
ThestandardchemicalsourcesRadblueRadgreenand

RadwhiteyieldedsimilarresultsHowevertheRadyellow
andtheblinkinglightsourceswerelessefficaceous

AlthoughDuncansNewMultipleRangeTestdemonstrat
ednosignificantdifferenceamongchemicalstandardblue
greenandwhiteTable1showsthattheaveragetrapindices
varywidelybetweenchemicalandwhiteRadgreenand
RadwhiteoverlapwithRadyellowGreenandwhite
maybemorecloselyrelatedtoyellowandblinkingthanto
chemicalstandardandblueFurtherexperimentalevidence
mayclarifythatsituationOfthealternatelightsources
utilizedchemicalisclearlysuperiortoallOftheradio
activelightsbluecomparessimilarlywithchemicalandis
moreattractivethaneithergreenyelloworwhite

Theblinkinglightsourceisfarlessefficaceousthanthe
otherlightsourcesevaluated

Figure1Thethreetypesoflightdevicesutilizedduring Controltrapsoperatedfromtimetotimeduringthe
thefieldevaluationfromtoptobottomblinkerchemical threeweekperiodproducednosignificantmosquito
lightradioactivelight catchesSeventeenmosquitoeswerecapturedutilizing

Table1ComparisonoflightsourceattractantsusingDuncansnewmultiplerangetestatthe5leveloferror

1 Averagetrapindices



onlymotorswithnolightsourcesStatisticallythechemi
calRadblueRadgreenandRadwhitelightsourcesare
suitablesubstitutesforthestandardincandescentbulbIn

additionwhenusedinlieuoftheincandescentlightthe
costofoperatingtheCDCtrapissubstantiallyreducedFor
exampleduringatypicalmosquitoseasonofsixmonths
costpernightforthestandardutilizing6voltbatteries
chemicalandradioactivelightsourcesutilizingcarbonzinc
flashlightbatteriesis110557and14respectively

SUMMARYAfieldevaluationofsixalternatelight
sourcesforuseintheCDCtrapwasconductedtodeter
minetheireffectivenessasmosquitoattractantsAllofthe
alternatesourceswerecomparedtothestandardincandes
centlightandtoeachother

Therewasnosignificantdifferenceinperformance
amongthechemicalradioactiveblueradioactivegreen
radioactivewhiteandthestandardTheblinkingandradio
activeyellowlightsourceswereconsiderablylessefficaceous
thanthechemicalRadblueRadgreenRadwhiteand
standardlightsNosignificantdifferencewasnotedbetween
Radyellowandblinkinglights

Eightgramsofalfalfapelletspergallonofwater
agedforthreedaysatsummertemperaturesproved
tobeaneffectivelureforovigerousCulexpipicnsquin
queSayFemalesreadilyenteredseveraltypes

ABSTRACT
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ionoftheenteringfemalesthanothertypesoftrap
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EFFECTIVESWATHSIDTHSOFULVANDHIGHVOLUMELABELEDDOSAGESOF

MALATHIONANDCHLORPYRIFOSAGAINSTCAGEDMOSQUITOES

SRHustedandJAMulrennan

UnitedStatesNavy
NavyDiseaseVectorEcologyandControlCenterNavalAirStationAlamedaCalifornia94501

TwentyonecomparisonstudiesoftwoULVconverted
coldfoggersandthemilitarycoldfoggerwereconducted
atSkaggsIslandNavalSecurityGroupActivitySonoma
CaliforniabytheNavyDiseaseVectorEcologyandControl
CenterAlamedaCaliforniaThemachinesusedwerethe
militarycoldfoggeraLECOULVconvertedcoldfogger
andaULVconvertedcoldfoggerconstructedatDVECC
AlamedaTheinsecticidesmalathionandchlorpyrifoswere
dispersedaccordingtothelabeltocagedCulexpipiens
susceptiblestrainatdistancesof100to1500feetfrom

ULTRALOWVOLUMETESTSOFSEVERALINSECTICIDESAPPLIEDBY

GROUNDEQUIPMENTFORTHECONTROLOFADULTMOSQUITOES

CBRathburnJrandAHBoikeJr

WestFloridaArthropodResearchLaboratory
PostOfficeBox2326PanamaCityFlorida32401

ABSTRACT

Ultralowvolumefieldtestsofseveralinsecticidesappli
edbygroundequipmentwereconductedusingcagedadult
AedestaeniorhynchusandCulexnigripalpusExcellentkills
95100percentofbothspecieswereobtainedwith05
gphoftechnicalfenthionand20gphof1percentnaledin
dieseloilatavehiclespeedof10mphIntestsofchlor
pyrifos99percentkillofAtaeniorhynchuswasobtained
at062gphatavehiclespeedof10mphbutatleast075
gphwasrequiredforequalkillofCnigripalpusAsolu
tionof5percentpyrethrins25percentpiperonylbutoxide
inKlearolat20gphvehiclespeedof10mphresultedin
96percentkillofCnigripalpusbut40gphwererequired
forequalkillofAtaeniorhynchusIntestsofActellic99
percentkillofbothspecieswasobtainedat10gphat

ABSTRACT
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thecoldfoggers
Resultsfrompreliminarytestswereinconclusivebecause

ofvariabletemperaturesandwindvelocitiesTheavailable
dataindicatedessentiallyequalresultsforallthreemachines
withtheeffectiveswathsrangingfrom500to1250feet
average800feetMalathionhadaslightlygreaterswath
widththanchlorpyrifospossiblythiswasaresultofmore
dropletsofmalathionbeingdispersed43ouncesper
minutecomparedto13ouncesperminuteofchlorpyrifos
Furthertestswillbeconductedduring1974

avehiclespeedof5mphDowco214killed93percentof
Ataeniorhynchusat05gphatavehiclespeedof5mph
but10gphgaveonly63percentkillofCnigripalpusA
solutionof25percentmalathioninpeanutoilat10gph
vehiclespeedof5mphkilled95percentof4taeniorhyn
ehusbutonly57percentofCnigripalpus25percentmala
thionplus5percentnaledinpeanutoilonlyincreasedthe
killofCnigripalpusto64percentResmethrinat10per
centsolutioninpeanutoilkilled83percentofCnigripal
pusbutwasverypooragainst1taeniorhynchusgiving
only4percentkillThereforespeciessusceptibilityto
insecticidesisanimportantconsiderationinestablishing
thedosagerequirementsofvariousinsecticidesforeffective
controlofdifferentspeciesofmosquitoes



EVALUATIONOFSEVERALULTRALOWVOLUMEGROUNDAEROSOLS

ONCAGEDCULEXPIPIENS

CGAlvarez

DesplainesValleyMosquitoAbatementDistrict
8130OgdenAvenueLyonsIllinois60534

Therehasbeenextensiveresearchontheultralowvol

umeULVgroundaerosolmethodofadultmosquitocon
trolinotherareasofthecountrybutlittleontheprimary
pestspeciesofthemidwest4edesvexansMeigenandCulex
pipiensLinnaeusTheinitialpurposeofthisinvestigation
wastoevaluateseveralinsecticidesappliedbyULVtocaged
femalesofbothspeciesHowever4uexanswerenotavail
ableinsufficientquantitiesduringthestudyperiodThis
reportgivesresultsoftestscomparingtheeffectivenessof
severalinsecticidesdispersedasULVinanopenfieldversus
anurbanareaagainstCpipiensduringthesummerof1973

METHODSTestprocedureswerepatternedafterthose
ofMountandPierce1972FieldcollectedCpipienspu
paewereallowedtoemergeintoplasticcagessuppliedwith
cottonballssaturatedwitha10sugarwatersolutionand
heldinthelaboratoryTwenty2 5dayoldadultfe
maleswerelateraspiratedfromthecagesandtransferred
to65x15cmcylindrical14meshgalvanizedscreen
wirecagesThecageswereplacedinstyrofoamcoolers
suppliedwithicetakentothefieldandexposedto
insecticidesdispersedbyaLecoULVModelHDcold
aerosolgeneratormovingat10mphAftertransfer
backtothelaboratorythemosquitoeswereslightly
anesthetizedwithCO2andplacedintopintpapercups
coveredwithgauzeThemosquitoeswereinthescreen
cagesforamaximumofone1hourbeforeandafterex
posureAcottonballmoistenedwitha10sugarwater
solutionwasplacedoneachcupThemosquitoeswereheld
for24hoursinconstantlightatapproximately70RH
75Fafterwhichmortalitycountsweremade

TestswereconductedinLyonsIllinoisbetween8and
10amwithtemperaturesrangingfrom6082Fand
windvelocitiesfrom27mph

TheLecoULVwasoperatedatanairpressureof35
psiandsincethedosageratevarieswithtemperaturethe
drivermonitoredthisfunctiontoinsureproperflowrate

Area1Inoneseriesofteststhemosquitoeswereex
posedinanopenparkbyhangingthecages6feetabovethe
groundonstakes150and300feetdownwindintworows
perpendiculartothelineoftravelofthegeneratorFour
chemicalsweretestedatvariousdosagerateswithamini
mumof4replicationsperrateControlcagesreceivingno
treatmentandastandardtreatmentof43flozminof
malathionwereincludedineachtrialTestswithgreater
than10mortalityinthecontrolcagesandormorethan
80mortalityofthestandardwerenotrecordedThe
chemicalswereasfollows

Cythion heavyaromaticnaphthaHAN11ratio
Pyrocidepyrethrins5 piperonylbutoxide25
Cythion HAN Lethane34822butoxyethoxy

ethylthiocyanate111ratio
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AreaIIInasecondtestreplicated4times23cagesof
mosquitoeswereexposedtosingleapplicationsof43fl
ozminofCythionat10mphinanurbansituationAn
averagecityblockinLyonsIllinoiswithapproximately20
yearoldhomesatreelinedstreetandgroomedlawnsand
shrubberywaschosenThisblockwas400feetdeepand20
cageswereplacedinshrubberyandopenyardsthroughout
theareaLocationsintheshrubberywereinsidetheplant
canopyandwerechosentosimulatemosquitoresting
placesTheopenyardlocationswerechosenasrepresenta
tiveofbackyardrecreationalareas

Threecageswereplacedinanopenparkwayperpendi
culartothelineoftreatmentandparalleltothetestcages
atdistancesof150300and400feetTheselocationswere

similartotheopenfieldtrialsinArea1Controlcagesre
ceivingnotreatmentwerealsosetup

RESULTSANDDISCUSSIONAreaITheLD90of
thechemicalstestedwereestimatedfromaneyefittedline
drawnonprobitgraphpaperwithaminimumof4points
perlineand320insectsperpointThemortalitiesat150
and300feetwereaveragedMountandPierce1972

Cythionat37flozminor0046lbAAyieldedan
LD90basedona300ftswathwidthCythionplusHAN
ina11solutionproducedanLD90at75flozmin0047
lbAAMalathionabouttwicethatofCythionaloneA
solutionofCythionHANandLethane384ina111ratio
producedanLD90at131flozmin0054lbAAof
MalathionTheseresultsdemonstratedthattoxicityof
ULVmalathionapplicationstomosquitoeswasdirectly
relatedtotheactualamountofMalathionappliedperacre
whichiscontrarytothefindingsofThompson1973
MountandPierce1972reportedthatLethanedoesnot
enhancethetoxicityofMalathionappliedULVandthese
resultssupportthatobservation

PyrocidehadanLD90at111flozminExcludingthe
weightofthesynergistpiperonylbutoxideasdidMount
andPierce1972theLD90rateperacrebasedona300
ftswathwas0005lbactualpyrethrins

Table1isasummaryoftheresultsandalsoincludescost
figuresbasedonourdistricts1973purchasesFromthese
dataitisapparentthatforULVcontrolofCulexpipiens
inthemidwestpyrethrinsgivebettercontrolonapound
peracrebasisbutCythionissuperiorwhencomparedby
flowrateandcost

Area1lThetestsconductedwithcagedmosquitoesina
typicalurbansettingrevealedthatopenfieldevaluationof
ULVspraysofCythioncanbecorrelatedtoactualurban
useCagesplacedaroundthehomeswithin150ftofthe
lineofdischargehad90to100mortalitywhetherlocated
intheopenorintheshrubberyOnecageplaced18inches
insidethecanopyofalilacbushwasanexceptionandaver
aged65mortality
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Table1Resultsofvariouschemicalsappliedbyground
ULVtoCagedfemaleCulexpipiens

FlowRate

Chemical ozmin

L

Cythion 37 0046

Cythion
HAN11 75 0047

Cythion
HAN

Lethane384

111 131 0054
Pyrocide 111 0005

lAAofmalathion
2AAofpyrethrins

lbAA Costacre
300ftswathcents

034

321

Thecagedmosquitoeslocatedintheopenparkwayhad
mortalitiesequaltothoseobservedintheopenfieldtestof
AreaIwithanaveragemortalityof93 Mortalityinthe
testcagesintheopeninthiszoneaveraged87andthose
intheshrubsaveraged57

Thecagesattheendoftheblock400ftaveraged86
mortalityintheopenparkwayand71intheopenfront
yard

TheseresultsdemonstratetheeffectivenessofCythion
ULVapplicationsformosquitocontrolinurbansituations
andchemicalsacceptedforthecontrolofmosquitoeswhen
properlyappliedbytheULVmethodshouldgiveexcellent
controlofflyingmosquitoesandfairtogoodcontrolof
restingmosquitoes
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ABSTRACT

PooledlighttrapcollectionsofCulextarsalismosquitoes
fromthePaloVerdeValleyEasternRiversideCountyCali
forniawerefoundtobeover50percentpostiveforenceph
alitisvirusBecauseofthepossiblethreatofmosquitoborne
diseasetheStateDepartmentofHealthVectorControl
Sectionrecommendedimmediatecontrolmeasuresbe
institutedtoreducetheadultmosquitopopulationThe
CoachellaValleyMosquitoAbatementDistrictwasasked
byRiversideCountyforassistanceinconductingthecon
trolprogramAdulticidingoperationsovera42squaremile

areasurroundingtheCityofBlythewerebegunon1Sep
temberutilizingtwononthermalaerosolgeneratorsMicro
GentypeonloanfromtheUSNavyTheinsecticidedis
pensedfromthesegeneratorswasnaledDibromdiluted
1to5withcottonseedoilPreandposttreatmentlight
trapcountsweretabulatedPretreatmentcountsaveraged
246pertrapnightWhencontroloperationswereter
minatedon20Septemberor19dayslaterthecount
wasreducedtoanaverageofthreemosquitoespertrap
night



ULVCHEMICALCONTROLOFMOSQUITOESCULICOIIESAND
TABANIDSINCOASTALNORTHCAROLINA

INTRODUCTIONThecoastalareaofNorthCarolina

isexperiencingrapidgrowthinrecreationandtouristfacili
tiesThereisincreasinginterestinimprovingthecontrolof
insectsaffectingmanGerhardtetal1973Themajor
mosquitopestsareAedessollicilansWalker4edestaeni
orhynchusWiedemannandanopheleshradleviKing
OtherspeciesonoccasionsassumelocalimportanceThe
principalsandfliesattackingmanareCulicoidesfurens
PoeyChollensisMelanderandBruesandCmelleus
CoquilletAlthoughmorethan40speciesofTabanidae
arecommonlycollectedinthecoastalareatheprincipal
pestsofmanareusuallytheblackdeerflyChrvsopsfuli

WiedemanntheyellowdeerflyChrysopsatlan
ticusPechumanandthegreenheadflyTabanusnirocit
talusMacquartIndepthinvestigationsonthebiologyand
controlofthesecoastalmosquitoesandbitingfliesinNorth
Carolinahavebeenundertakenonlyrecentlywithreports
nowbeginningtobeissuedDukesetal1974abLaSalle
andKnight1973

Controlofthesecoastalpestswillinvolvejudiciousinte
grationofavarietyofmethodsintomanagementprograms
tailoredtothelocalconditionsItisreasonabletoassume

thattemporaryadultinsectcontrolwilloftenbeapartof
suchmanagementprogramsInfactmanylocalitieshave
usedthermalfoggingmachinesintermittentlyformany
yearsRecentlygroundapplicationbyULVultralowvol
umenonthermalaerosolmachineshascomeintouse
mostlyformosquitocontrolinmanyareasotherthan
NorthCarolina egFultzetal1972Dataontheeffec
tivenessofthismethodwiththespeciesandconditionsin
coastalNorthCarolinahavenotbeenavailablealthough
ULVmachinesarebeingintroducedThereforewecon
ductedtestsin1973andapreliminarysummaryofour
resultsispresentedherein

MATERIALS AND METHODSAtruckmounted

LECOModelULVHDmachineLowndesManufacturing
CoIncValdostaGeorgiawasusedThechemicalsused
were95malathionCythionULVAmericanCyanamid
Coand5pyrethrinsynergizedwith15piperonylbu
toxidePyrocideFoggingFormula7067MGKCoAp
plicationratesweremostlythosecommonlyrecommended
formosquitocontrolwiththemachinemovingat10mph

Testswereconductedwithcagedtabanidsandwiththe
naturalpopulationsofmosquitoesandCulicoidessandflies
Eachcagetestincluded3replicatesatseveraldistances
fromtheULVmachinebutonlythedatafromcagesat

ThisresearchwassupportedbytheNorthCarolinaState
UniversityAgriculturalExperimentStationandbyNOAAOfficeof
SeaGrantUSDepartmentofCommerceunderGrantNo2
35178TheUSGovernmentisauthorizedtoproduceanddistri
butereprintsforgovernmentalpurposenotwithstandinganycopy
rightnotationthatmayappearhereon

RCAxtellandJCDukes

NorthCarolinaStateUniversity

DepartmentofEntomologyRaleighNorthCarolina27607
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100ftandsuspended5ftabovethegroundareusedin
thisreportThenumberoffliespercagewasusuallyabout
50butvariedfrom30to90

Untreatedcageswereinanearbyuncontaminatedarea
andhandledinthesamemannerasthetreatedonesFlies

wereremovedfromthecagesinthefield30minutesafter
treatmentandheldinsubduedlightinscreentoppedjars
withasupplyofsugarwatersolutioninthelababout
24Ctodetermineposttreatmentmortalities

Mortalitiesweredeterminedbycountsmadeafterhold
inginthejarsfor15min1hrand3hrsMortalitiesinthe
untreatedcontrolswerelessthan4inmostcasesIn3of
the14testsAbbottsformulawasusedtocorrectfor
highermortalitiesinthecontrols

InthetestsonmosquitoesandCulicoidesasmallcom
munityAtlanticNCwastreatedusingtheexistingroad
andalleysystemFigure1Theareaundertreatmentwas
about250acresVehiclespeedwas10mphAllapplications
weremadebeginningatduskabout800pmThedegree
ofmosquitocontrolwasdeterminedbycomparingthe
numberscollectedbyalighttrapduringthenightbefore
treatmentandthenightaftertreatmentandbycomparing
5minnettingcollectionsfromaroundapersonmadea
bout15minbeforetreatmenttothosemade1hrafter
treatmentCulicoidescontrolwasevaluatedfromthelight
trapcollectionandnotfromthenettingcollectionswhich
didnotyieldCulicoides

RESULTSANDDISCUSSIONAsummaryofthe
resultsofthecagetestsisgiveninTable1The5pyre
thrinsynergizedwith15piperonylbutoxidegavethe
fastestknockdownandkillofthetabanidfliesSometimes

thefliesrecoveredAtthedosageratesused100mortality
wasnotachievedItshouldbenotedthatthiswasa5

formulationsotheamountofpyrethrinwasverysmall
Malathion95 gaveverylittleimmediateknockdownand
mortalityhoweverafter3hoursover90mortalityofC
atlanticuswasachievedatthehigherdosagesFurthertests
areinprogressbutthesepreliminaryresultsindicatethat
considerablyhigherdosageswillberequiredtokilltabanids
thanarecommonlyusedagainstmosquitoesTheresults
suggestthatsynergizedpyrethrinhasthedesirablecharac
teristicofquickactionagainsttabanids

Theresultsof29nightsofcommunitytreatmentare
showninTable2Treatmentby95malathiongavean
overall29mosquitoreductionbasedonthelighttrap
dataand67reductionbasedonthenettingdataSyner
gized5pyrethringaveanoverall38mosquitoreduction
basedonthelighttrapdataand92controlbasedonthe
nettingdataEssentiallythelighttrapsmeasuredlongevity
ofcontrolieovernightwhilethenettingmeasuredim
mediate1hrposttreatmenteffectivenessofthetreatment
Thusthepyrethrintreatmentsgaveagreaterdegreeofim
mediatereductionandbothchemicalsgaveaboutthesame
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pyrethrin
malathion

AtlanticNC
ScaleInfeet
0 800

LilittTrapLscatis

laadigCentlaeatism 4

Tabanusnigrovittatus
35 1 72

43 1 5

Figure1DiagramshowingroadsusedinwholecommunitytreatmentbyULVgroundequipmentAtlanticCarteret
CountyNorthCarolina

Table1Mortalitiesofcagedtabanidfliesatvarious
timesfollowingULVapplicationsof5pyrethrinsyner
gizedwith15piperonylbutoxideand95malathion

No PercentMortality
Chemical ozminTests 15min1hr 3hr

82 78

0 28

Chrysopsfuliginosus

pyrethrin 40 1 33 52 28

malathion 43 2 0 29 54

Chrysopsatlanticus

pyrethrin 35 3 58 54 52

40 1 54 58 32

70 1 61 74 61

malathion 35 11 2 26 66

43 2 5 19 91

70 1 2 69 99

levelofreductionfortheremainderofthenightThespecies
ofmosquitoescollectedwereAtaeniorhynchusAsollici
tansandAnbradleyiirithatoverallorderofrelative
abundancebuttheproportionsvariedamongthetests

COLESOOI1

Table2Control ofmosquitoesandCulicoidessand
fliesbywholecommunitytreatmentwithULVapplication
10mphof5pyrethrinsynergizedwith15piperonyl
butoxideand95malathion

Mosquitoes Sandflies

Chemical ozminTests Trap Net Trap

pyrethrin 35 6 48 77 64

40 12 34 99 27

malathion 30 3 43 58 0

43 8 24 92 47

Culicoidesreductionovernightwasslightlygreater
34 overallwiththemalathiontreatmentsthanwiththe

synergizedpyrethrintreatments25overallCfurens
wastheonlyspeciespresentinlargenumbersduringthese
testsVariationsinreductionwerelargeamongthetestsand
furthertestinganddevelopmentofbettersamplingmethods
areinprogress

ThesecommunitytestsindicatethatULVgroundappli
cationsofmalathionandsynergizedpyrethrinattherates
usedcanbeexpectedtogiveasatisfactorylevelofimmedi
ateposttreatmentcontrolofthesecommoncoastalspecies
ofmosquitoesThedegreeofCulicoidesreductionisless
certainalthoughconsiderablereliefmaybeexpected
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ABSTRACT

FieldtestsofmalathionresmethrinSBP1382actellic
Dowco214BaytexDursbanPyrethrins5 andnaled

Dibromappliedasnonthermalaerosolswithultralow
volumegroundequipmentwereconductedagainstcaged
adultstablefliesStomoxyscalcitranL

ResmethrinandActellicwerehighlyeffective95
againststablefliesatdosageratesof25and1galhourre
spectivelyatavehiclespeedof5mphBaytexmalathion
DursbanandPyrethrins5 alsogavehighmortality

92 offliesatdosageratesof511and4galshour
respectivelyat10mphDowco214wassublethalatboth
ratesof5and1galhourand5mph

Testsof1Dibrom14byvolumeindieseloildispersed
attherateof20galshourand10mphkilled98ofthe
fliesThisdosageratewas01lbacreAIbasedonaswath
of300feetThisisonefourththedosageofDibrom14and
onehalfthevolumerecommendedforcontrolofadult

stablefliesinFloridabythermalaerosol

LABORATORYSUSCEPTIBILITYTESTSOFSOMEFLORIDASTRAINSOF

AEDESTAENIORHYNCIJIISWIEDANDCULEXNIGRIPALPUSTHEOBTO
MALATHIONANDNALED19721973

ArthurHBoikeJrandCarlisleBRathburnJr

WestFloridaArthropodResearchLaboratory
PostOfficeBox2326PanamaCityFlorida32401

ABSTRACT

Firstgenerationlarvaefromfieldcollectedadultsof
AedestaeniorhynchusWiedfromtwooffshoreislandson
thesouthwestcoasttheTampaareatheFloridaKeysand
BrevardandMartincountiesontheeastcoastofFlorida

werefoundtobefrom230timesmoreresistanttomala

thionattheLC90levelthanthesusceptiblelaboratory
colonyF1adultsfromsomeoftheseareaswereupto35
timeslesssusceptiblethanthoseofthelaboratorycolony
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indicatingadecreaseinsusceptibilitytomalathionhow
everoneareanearTampaandseveralothersreported
duringpreviousyearswereassusceptibleasthelaboratory
colonyNoresistancetonaledwasfoundineitherthe
larvaloradultstagesF1larvaeandadultsofCulexnigri
palpusTheobcollectedfromfivecountiesinthestate
wereshowntobeassusceptibletomalathionandnaledas
thoseofthelaboratorycolonies



FIELDEVALUATIONOFBLACKFLYCONTROL GROUNDAPPLICATIONS

RRCarestia RLFrommer RWVavraJr andVALoy

INTRODUCTIONAdequateprotectivemeasuresa
gainstblackfliesandotherbitingdipteraatCampDrum
NewYorkhavebeenneededformanyyearsbuttheneed
nowhasbecomemoreurgentwiththereorganizationof
theUSArmyanditsemphasisonbettertrainedandequip
pedReserveandNationalGuardForcesTheannoyanceand
irritationcausedbyblackfliesisadversetomoraletraining
andrecruitmentespeciallyduringthespringandsummer
trainingmonths

InMay1973apreliminarystudywasinitiatedtoeval
uateultralowvolumeULVgroundapplicationsofnon
persistentinsecticidesforthecontrolofadultblackflies
Inthepastfiveyearsnumerousfieldstudieshaveshown
excellentresultsandsuccesswithsuchapplicationforthe
controlofadultmosquitoesaswellasotherpestiferousin
sectsMountetal1968showedthatthedispersalof
ultralowvolumesofundilutedinsecticidesasnonthermal

aerosolsusingMalathionappliedat068gallonperhour
gphwasaseffectiveagainstcagedadultmosquitoesasdi
lutedthermalaerosolsdispersedat40gphLowercostsand
lessenvironmentalcontaminationofferedbythistypeof
applicationTaylorandSchoof1971makethistechnique
moredesirableandidealforselectionThisreasoning
coupledwiththerecentinnovationsofcommercialULV
dispersalequipmenthascreatedconsiderableinterestinthis
conceptforinsectcontrolThefollowingtestsweremade
duringthespringandsummerof1973atCampDrumto
determine1theefficacyofvariousaerosolsasadulti
cides2thespeciescompositionofblackfliesattacking
manduringthestudy3themostfavorabletimeofday
forULVsprayingand4thereentrytimeofblackflies
afterspraying

MATERIALSANDMETHODSSeventestsitesinclud

ingonecheckareawereusedeachapproximatelyamile
longand300feetwideThefollowinginsecticideformula
tionswereapplied1338Malathionplus145
Lethane2Pyrocide70675Pyrethrumplus25
PiperonylButoxide3PyrocideX27495Pyrethrum
25PiperonylButoxideplus5RepellentII485
Dibrom14593Dibrom14and665Baygon
Thetestareaisdescribedasadecidiousforestwithacom

binationofdenseandsemidensevegetationconsisting
mostlyofsinglecanopywithsomesmallopenareasmeasur
ingapproximately100squareyardsARotaryTubeSprayer
describedanddesignedbyBarnhartandSheldon1973
wasusedfordispersingallofthecompoundsTheprinciple

1Theopinionsorassertionscontainedhereinaretheprivate
viewsoftheauthorsandarenottobeconstruedasofficialoras

reflectingtheviewsoftheDepartmentoftheArmyortheDOD
ResearchsponsoredbytheUSArmyMedicalResearchandDevel
opmentCommandWashingtonDC20314underContract
GrantNoDA3A061102B71P01

2USArmyUSArmyMedicalLaboratoryFtGeorgeG
MeadeMaryland20755

3USArmyUSArmyMedicalLaboratoryFtSamHouston
Texas78234
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oftherotarytubesprayerissomewhatanalagoustothe
flitgun inwhichairispassedatahighvelocityoverthe
tipofaliquidfilledtubeIntherotarytubesprayerthe
tubeofliquidisrotatedsothatitstipmovesrapidly
throughtheairTheeffectisatomizationinbothcases
ThisprinciplewasfirstdevelopedbyBarnhart1962at
FortBelvoirVirginia

TheRotaryTubeSprayerhastwopolypropyleneplastic
tubes18inODmountedonametalbowlsetonedge
whichisbeltdrivenTherotarytubesarelocatedintheout
letairstreamofa17000cuftminvanaxialfanalsobelt
drivenTheairstreamservestomovetheatomizedliquid
fromthevicinityofthesprayerAsixhorsepowergasoline
enginepowersbothfanandrotarytubesThespeedof
rotationofthetubescanbevariedbetween3000to6000
rpmAnautomotivetypetachometerregistersthespeed

Liquidtobesprayedispumpedtotherotatingbowlby
meansofanelectricfuelpumpThesprayerbowlhasacon
strictedrimCentrifugalforcepreventsoverflowingandno
packingglandorrotarysealisneededwheretheliquid
entersthebowlTheliquidleavesthebowlthroughtwoop
positelymounted18inODpolypropylenetubeseachof
suchlengththatthedistancefromthecenterofthebowl
tothetipofthewhipis11inTheRotaryTubeULV
Sprayerwascalibratedtodeliverthreegallonsperhourof
thematerialtestedwithanRPMsettingof5600

Inordertodeterminetheefficacyoftheaerosolstested
priortoeachtestliveflieswerecollectedinhandsweep
netsandalsocollectedinthepassengercabareaoftheeval
uatorstruckbytheuseofanaspiratorTenflieseach were

placedincleanNo30meshnetspositionedbehindandor
ontopofvegetationapproximatelythreefeetaboveground
atfixeddistancesdownwindfromthesprayerToensure
thatthenettedflieswerenotinfluencedbyheatorother
adversefactorspriortotestingtheywereheldforatleast
30minutes200yardsupwindofthesprayerandobserved
formortalityImmediatelyafterexposuretheflieswere
takenoutofthebagsandplacedincleanwhiteenamelpans
12x24x2andobservedformortalityDuringeachtest
precountsofblackfliesweremadeatlocationsapproxi
mately150feetintothetestsiteThiswasaccomplishedby
sweepingthreetimesabovetheinvestigatorsheadevery15
secondstakingthehighestcountAftereachsweepflies
werekilledbycrushinginthenetstopreventrecapture
Aftersprayingreentrytimewasnotedbycountingthe
numberofminuteselapsingbeforetheflieswereseento
returnAfterdeterminingreentrytimeaposttreatment
countwasconductedinthemannerdescribedaboveAt

leasttworeplicateswereusedforeachcompoundtested
Thepassesweremadeatarateofthreegallonsperhour
withavehiclespeedof5mphThedosageinlbacrewas
calculatedonthebasisofaswathwidthof300feet182
acresperhourThismethodofrecordingdosagesprobably
doesnotgiveatruemeasureofinsecticidaldepositperacre
howeveritdoesenableinvestigatorstocompareonetest
toanotherDropletsizewasdeterminedbyhandwaving
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tefloncoatedslidesat25feetfromthesprayeraccording
tothemethodofYeomans1949Aminimumof200
dropletswassampledforeachcompoundtestedAnydrop
letwithaspreadfactorgreaterthan148receivednocor
rectionfactorAlltestswereconductedintheafternoon

duringtheperiod16001800hrsTemperatureandhumid
ityweredeterminedatthetestsitebythermometersand
slingpsychrometersWindspeedsweremeasuredwitha
Dwyerwindmeter

Todeterminewhattimeofdaywouldbemostadvan
tageousforsprayingasevendayfieldmonitoringtestwas
conductedatoneofthesitesEachdaywasdividedinto
fourtimeperiodsasfollowssunrise05000800noon
11301230afternoon16001630andsunset1900
2100Temperaturehumiditygeneralweatherconditions
andblackflyactivitywerenotedBlackflyactivitywasde
terminedbyuseofthehandsweepnetoverandaroundthe
investigatorsheadDuringeachtimeperiodspecimenswere
collectedmountedandlateridentified

RESULTSANDDISCUSSIONResultsoftheground
ULVsprayingareshowninTable1Althoughkillwas
shownforallcompoundsexceptMalathionplusLethaneup
todistancesof225feetthenaturalpopulationsatallsites
werenotreducedforanyperiodlongerthan36minutes
Allcompoundswereeffectivebuttherewasadifferencein
timerequiredtoobtain100killDibrom14inboth
concentrationswasthemosteffectiveforquickkill
3minwhereasMalathionLethanetookthelongest
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Table1KillofnettedadultSimuliumvenustumSay
obtainedwithULVrotarytubesprayer

DischargeNo Distanceft Kill

Compound gph Tests 50 125225 300

malathion388

lethane145 3

dibrom1485 3

dibrom1493 3

pyrocide5 3

pyrocidex2749 3

baygon65 3

06000700080009001000110012001300140015001600170018001900 20002100

4 100 70 0 0

2 100 100 100 0

3 100 100 100 0

3 100 100 70 0

2 100 100 70 0

2 100 100 50 0

timetoproduce100mortality25minTherewasno
significantdifferencebetweenthepyrethrumcompounds
Table2showstheresultsofthecompoundstestedagainst
naturalpopulationofblackfliesTheaveragetemperature
was75 humidity65 windspeed6mph

TwospeciesofblackfliesSimuliumvenustumSayand
Prosimuliumhirtipescomplexwereresponsibleforattacks
onmaninthetestareaandwerethemostpersistentand
abundantspeciescollectedFigure1Showsactivityatdiffer
enttimesofthedayAdultflightactivitywasinfluenced
bythefollowingtemperaturelightintensitywindspeed
rainandothermeterologicalfactorsThereappearedtobe
anupperandlowertemperaturegradientwhichstronglyin

Figure1Averagedailydistributionofblackfliesduringasevendayperiod29May4June



Table2Datafromsprayingwithultralowvolumeaero
solsatCampDrumNY

Compound

malathion388

lethane145

dibrom1485

dibrom1493

pyrocide5

pyrocidex2749

baygon65

Reentry

Dosage Time AvgFliesperSweep
lbperacre MinutesPresprayPostspray

062018
230

022

007

007

011

3

6

6

5

6

3

6

5

7

5

6

5

7

7

7

6

6

6

fluencedblackflyactivityBlackfliesbecameactiveattem
peraturesabove50 Windspeedsgreaterthan7mphde
creasedblackflyactivitytonilObservationsindicatethat
onlyasmallpercentageoftheblackfliesinanyareaare
flyingatagiventimeMostarerestingindensevegetation
orotherprotectedsitesWhenanindividualoravehicle
movedintoaninfestedareaatfirsttherewasnogreatsign
ofblackflyactivityhoweverwithin23minutestheflies
appeartosensethehostandactivelyseekhimout

TheRotaryTubeSprayerusedforthesetestspresented
avariableinthetestdatabecauseofinconsistentperform
anceTheshroudenclosuretrappedaconsiderableamount
ofmaterialwhichleakedontotheenginecreatinginhala
tionhazardsandallowedsignificantlossofmaterialto
occurandtheproductionoflargerdropletsMount1970
concludedthatforeffectivegroundaerosolapplicationsa
massmediandiameterdropletsizeof5to10pisoptimum
toimpingeontargetinsectsLofgrenetal1973con
ductedtestswithsoybeanoildispersedbyatruckmounted
LecoModelHDaerosolgeneratorandfoundthataerosol
dropletsof216pimpingedonallbodysectionsofcaged
mosquitoeswhileunderfieldapplicationconditionsdrop
letsof18pdiameterimpingedonoutdoornoncaged
specimensInbothcasesimpingementofdropletsgreater
than16pwasnotobtainedTheresultsofourtestsshow
thatmostoftheaerosolparticlesproducedbytheRotary
TubeSprayerwerenotthatsmallandplentifulenoughto
giveadequatecoverageandyetimpingedreadilyonthe
bodysurfaceoftheblackfliesObservationsontheamount
ofmaterialtrappedintheshroudsubstantiatethesefindings
evenwhenconsiderationisgiventotheinabilityofthe
handwavedslidecollectiontechniquetocollectdroplets
smallerthan5pRathburn1970Perhapstherotarytube
whipsshouldbelocatedoutsidetheshroudtoalleviatethis
problemThesprayerusedfailedtogiveeffectivepenetra
tionintodensevegetationandtoadequatelyclearthe
vehicleAsaresulttherewasexcessivewettingbyspray
materialonthesideofthevehicleaftereachapplication
Dropletrangesandmassmediandiametersofthecom
poundstestedareshownbyTable3

CONCLUSIONSGroundULVapplicationsofnon
persistentinsecticidesproducedkillsoftrappedadultblack
fliesatdistancesupto225feetdownwindDibromattwo
concentrationstestedwasthemosteffectivecompound
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andrequiredtheleastamountoftimetogive100kill
threeminControlofthenaturaladultpopulationwas
notachieved1dispersaloftheinsecticidebeyond225
feetcouldnotbeaccomplished2reentryandinfiltra
tionfromtheouterperimeternotsprayedwasgreatand
3asignificantamountofthematerialreleaseddidnot
reachthetargetinsect4theparticlesweretoolargeto
penetratevegetationandtoimpingeontheblackflies

Additionalresearchshouldbedonetoevaluatetheeffect

ofenvironmentalandmeterologicalfactorssuchastemper
atureswindspeedetcwhichstronglyinfluenceblackfly
activityandaredirectlycorrelatedwiththeeffectivenessof
controlmeasures

Table3Massmediandiameterandrangedistribution
ofultralowvolumegroundaerosolstested

Compound

malathion388

lethane145

dibrom1485

dibrom1493

pyrocide5

pyrocidex2749

baygon65

Range

P

855

1038

1938

857

376

836

Averagemmd Discharge

pDiap gph

19 33

14 24

22 28

18 27

27 37

19 28

3

3

3

3

3

3
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CULEXTARSALIS

RESISTANCETOORGANOPHOSPHORUSINSECTICIDESINRETROSPECT
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Reportsofcontrolfailuresandlaboratorystudiesoffield
populationshavefirmlyestablishedthepresenceoforgan
ophosphorusOPinsecticideresistantpopulationsofCulex
tarsalisCoqinCaliforniaThearrayofchemicalstowhich
thisspecieshasdevelopedresistanceisamazingInmany
areasresistanceextendstoalllicensedmosquitolarvicides
namelymalathionparathionmethylparathionfenthion
EPNchlorpyrifosandAbateWomeldorfetal1972

Acomprehensiveinvestigationintothemechanismsand
geneticsofOPresistanceinCtarsalishasjustbeencom
pletedinourlaboratoryApperson1974Theresultsof
thisstudyenableustoprovideanexplanationfortherapid
developmentofextensiveOPresistanceinCtarsalisin
recentyears

Malathionresistancewasfirstreportedforapopulation
ofCtarsalisfromtheSanJoaquinValleyofCalifornia
GjullinandIsaak195713y1965resistancehaddeveloped
inmanyotherareasofCaliforniaWomeldorfetal1972
Malathionisauniqueinsecticideinthatitisdetoxifiedal
mostexclusivelybyoneenzymeacarboxyesteraseThis
hasbeensubstantiatedthroughbiochemicalstudiesBigley
andPlapp1962MatsumuraandBrown1963abandby
geneticstudiesMatsumuraandBrown1963bofmala
thionresistantCtarsalisConsequentlycrossresistancein
malathionresistantpopulationsextendsonlytomalaoxon
DarowandPlapp1960andothercloselyrelatedanalogs

DautermanandMatsumura1962Plappetal1965
TheconsequencesofuseofothersubstituteOPlar

vicidesweremanifestedin1969whenGeorghiouet
alfoundextensiveOPmultiresistanceintheformerly
malathionresistantpopulationofCtarsalisfromthe
CentralValleyAsimilarsituationwasreportedby
AppersonandGeorghiot1974intheCoachellaValley
in1971Larvicidessuchasparathionandfenthion
aredifferentfrommalathioninthattheypossesscommon
structuralsiteswhicharevulnerabletoenzymaticattack
Thustheuseofanyonecompoundshouldproducecross
resistancetotheotheralthoughthelevelsofresistancemay
varyaccordingtotheselectingagentSinceadditional
mechanismspotentiallycanbeinvolvedinresistanceto
thesechemicalstheiruscouldproduceapopulationof
mosquitoesthatcontainamultiplicityofresistancefactors

Ourstudiesconfirmthatthisiswhathasoccurredwith

CtarsalisWhenmethylparathionselectionpressurewas
appliedtoamultiresistantfieldstrainofCtarsalisinthe
laboratoryAppersonandGeorghiou1974resistancewas
increasedtothegreatestextentagainstthosecompounds

CurrentaddressLakeCountyMosquitoAbatementDistrict
410EsplanadeLakeportCalifornia95454
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mostsimilarinstructuretotheselectingagentUseofsyn
ergistssuggestedtheinvolvementofseveralenzymesin
resistanceBiochemicalstudiesrevealedthatatleasttwo

separateresistancemechanismswereinvolvedSubse
quentlyinstudiesoftheinheritanceofresistanceitwas
foundthattheF1hybridexhibitedahighdegreeofdomi
nanceOPresistancewasalsofoundtoderivefromamulti
plicityofgenesClearlythentherapiddevelopmenthigh
levelsandbroadspectrumofOPresistancemanifestedby
Culextarsalisisduetotheintegrationandconsolidationof
amultiplicityofdefensesintofieldpopulationsThrough
interactionthetotalityofthesedefensemechanismsbe
comessufficientlynonspecifictoenablethepopulationto
withstandadiversityoftoxicants
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INSECTICIDESUSCEPTIBILITYOFMOSQUITOESINCALIFORNIA
STATUSOFORGANOPHOSPHORUSRESISTANCEINLARVAL

AEDESNIGROMACULISANDCULEXTARSALISTHROUGH1973

PatriciaAGilliesDonJWomeldorfErnstPZborayandKathleenEWhite

Resistancetochemicalpesticideshascomplicatedmos
quitocontrolinCaliforniasincefailureofDDTagainst
AedesnigromaculiswasreportedbySmith1949and
againstCalextarsalisbyGjullinandPeters1952Wide
spreadfailuresoftheorganochlorineinsecticidesfollowed
andtheorganophosphoruscompoundsweresubstitutedas
theybecameavailableInevitablyresistancefollowedand
oneorganophosphoruslarvicidewassubstitutedafteran
other

GenerallyanagencywithextensiveAnigromaculis
breedingareastypicallythoseintheGreatCentralValley
usesthesamechemicalthroughoutitsjurisdictionThus
Ctarsalislarvaewhichfrequentlyoccurinexcessirrigation
waterfollowingabroodofAnigromaculisareexposedto
thesamepatternofinsecticideuseasthepasturemosquito

In1963thenowVectorControlSectionoftheCali
forniaDepartmentofHealthincooperationwithmosquito
controlagenciesinstitutedasurveillanceprogramdesigned
todefinetheextentandseverityofresistanceasitapplied
tooperationalmosquitocontrolinCaliforniaResultswere
firstreportedbyBrownetal1963andhavesincebeen
reportedperiodicallyGillies1964Womeldorfetal1966
196819711972Asresistancedevelopedhighlevelsof
toleranceforseveralspeciesofCaliforniamosquitoeswere
listedforeachagencybyspeciesandyearofthefirstlab
oratoryconfirmationofapopulationmeanlethalconcen
trationLC50exceeding0005partspermillionppm
parathionmethylparathionandfenthionor01ppm
malathionSlopesofthelogconcentrationprobitlines
lcpwerenotreported

Todemonstratetheseverityoftheresistanceproblem
thispaperreportsthehighestLC50recordsforeachmos
quitocontrolagencyduringthepastdecadefor4nigro
maculisandCtarsalislarvaethetwospeciesmostaffected
byresistanceMalathionparathionmethylparathionfen
thionandchlorpyrifosareincludedtorepresenttheorgano
phosphoruslarvicides

TestresultswereobtainedasdescribedbyGilliesand
Womeldorf1968Alldatawereprocessedthroughthe
computerizedprobitanalysisprogramdevelopedincon
junctionwiththesurveillanceprogramTestresultswere
consideredinvalidiftherewerefewerthanthreedata

pointslackofmortalityaboveorbelow50 mixedspec
iespupationorstatisticallysignificantheterogeneity

1CaliforniaDepartmentofHealthVectorControl Section
5545EastShieldsAvenueFresnoCalifornia93727

2CaliforniaDepartmentofHealthVectorControlSection
714PStreetSacramentoCalifornia95814

3CaliforniaDepartmentofHealthProgramAnalysisandStatis
ticsSection714PStreetSacramentoCalifornia95814
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Tables1and2listthedataforeachagencybychemical
yearoftestslopeofthelineandtheLC50andits95
confidencelimitsTheinclusioncriteriacausedsometest
datatobeleftoutsothatnotallchemicalsoragenciesare
listedalthoughtestswereperformedinsomecasesChemi
calsarelistedintheirapproximatesequenceofintroduction
anduseMosquitocontrolagenciesarelistedfromnorthto
southexceptforsomeisolatedagenciesinsouthernCali
fornia

INTERPRETATIONLevelsoflessthan0005ppmat
theLC50accompaniedbyanLC90LC50ratiooflessthan
twoaregenerallydescriptiveofsusceptiblepopulations
whichcanbecontrolledbyparathionmethylparathionor
fenthionwhenappliedat01lbacreAstheLC90LC50
ratioincreasesincipientresistanceissuspectedandlimited
fieldfailuresmayoccurwhenthisdepressedslopeiscom
binedwithanLC50ofapproximately0005ppmAnLC50
of001ppmorabovesignifiesmoderateresistanceControl
inthefielddecreasesrapidlyabovethispointandanew
chemicalisgenerallysubstitutedContinuedpressurewitha
replacementorganophosphorusmaterialmaypushthe
LC50evenhigherbutwhentheLC50reaches01ppmit
isonlyofacademicimportanceascompletelossofcontrol
withthatchemicaloccurredlongago

Ahomogenoussusceptiblepopulationisthencharacter
izedbyalowLC50accompaniedbyasteepslopeofthe
1cplineThatismortalityoccurswithinaverynarrow
rangeofconcentrationsandtheLC90isgenerallylessthan
twicetheLC50Gilliesetal1968demonstratedthe
changeintheslopeofthelcplineasresistanceprogresses
Inthebeginningtheproportionofmoretolerantindivid
ualsinapopulationincreasesandisdemonstratedbyanin
creaseintheLC90LC50ratioThisinitialchangeinslope
mayormaynotbeaccompaniedbyamarkedchangeinthe
LC50butisthefirstindicationofincipientresistanceand
occurswellinadvanceofnoticeablecontrolfailuresinthe

fieldAsresistanceincreasesboththeLC50andtheLC90
LC50ratioincreasesuntilthelesstolerantindividualsinthe
populationareeliminatedandtheLC90LC50ratiode
creasestoagainapproachtwoandthepopulationisagain
fairlyhomogenousbutnowforresistanceInthehighly
resistantfieldpopulationsof4nigrornaculisthatwehave
testeddevelopinghomogeneityforresistanceisevident
buttheLC90LC50ratiohasnotagainbecomelessthan
twoHoweverinCtarsalisLC50levelsabove001ppm
parathionmethylparathionorfenthionarenotaccompan
iedbyamarkedincreaseintheLC90LC50ratioindicating
thatthepopulationsarefairlyhomogenousfortheincreas
edtolerance

CURRENTSTATUSAedesnigromaculisresistance
currentlyextendstoallorganophosphoruslarvicidesin
manyareasofthestateTable1Figure1Thefirstlabor
atoryverificationofresistanceinthisspeciesoccurredin
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FOURSITEMETHODFORMOSQUITOREPELLENTFIELDTRIALS

RonaldShimminSteveBaylesThomasSpencer WilliamAkersandRogerGrothaus
DepartmentofTheArmy

LettermanArmyInstituteofResearch

DepartmentofDermatologyResearchPresidioofSanFranciscoCalifornia94129

INTRODUCTIONAspartofaLettermanArmyInsti
tuteofResearchLAIRprogramtofindamosquitorepel
lentbetterthantherepellentmostfrequentlyusedNN
diethylmtoluamideDEETnewrepellentsandrepellent
formulationshavebeenevaluatedbycomparisontoDEET
inlaboratoryscreeningtestsusingafoursitetesting
methodTodeterminetheefficacyofthesecompoundsun
derfieldconditionsandtoevaluatelaboratoryscreening
techniquesaseriesoflaboratorytrialresultswerecompared
tofieldtestresultsThispaperisareportonthefoursite
methodusedinthefieldtrials

MATERIALSANDTESTDESIGNThecompounds
whichwereevaluatedinthefieldtrialsareasfollows

cyclohexamethylenecarbamidecarbamide99pure
Stepanor1967andDremova1970

nbutanehexamethylenesulfonamidesulfonamide99
pureMaslii1966Zhogolev1970andPrevomaiskii
1967

369trioxapentadecan1olSRI696pureSkinner
1974

NNdiethylmtoluamideDEET95pureEastman
ChemicalsPracticalGrade

ThestandardLAIRtestingprocedureisafoursitede
signBrodel1974usingtwositesoneachforearmwith
definedareasof7x10cmeachThisdesignpermitstesting
threecompoundssimultaneouslyinadditiontoacontrol
repellentThiscapabilityisofimportancewhenperforming
fieldtrialsbecauseofdaytodaychangesinclimatetest
subjectandmosquitopopulationsMoreoverthedatacan
beanalyzedbyapairedcomparisonofatestformulato
DEETOstle1963

Inthelaboratoryrepellentsolutionsareappliedtotwo
7x10cmtestsitesoneachforearmandarespreadwitha
cleanglassrodBrodel1974Thearmistheninsertedinto
aplasticsleevemeasuring20cmx70cmKhan1968
Thissleevehastwo5x8cmholesexposingtherepellent
applicationsitestothemosquitoes

Testingtakesplaceforthreeminutesintwo125cubic
footcageseachcontainingapproximately250avidfemale
AedesaegyptimosquitoesThevolunteersaretestedeach
hourinalternatecagesFailureofasiteisdeterminedby
twobitesduringatestingperiodortwoconsecutivebites
overtwoperiodsBrodel1974

ReprintrequestsshouldbesenttoThomasSSpencerPhD
DermatologyResearchDivisionLettermanArmyInstituteofRe
searchPresidioofSanFranciscoCalifornia94129

2EntomologyDivisionUSNavalMedicalResearchLaborator
iesCampLejeuneNorthCarolina
3lnformedconsentwasreceivedfromeachvolunteerpriorto

participationinthetests
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ForfieldtrialtestingtheLAIRmethodBrodel1974
wasmodifiedtoincludethetotalcircumferenceoneach

forearmThefieldtrialswereaccomplishedinthefollow
ingmanner

1Adhesivebackedfoamstripsabout3awidewerewrap
pedaroundthewristupperforearmandmidforearm
Thefoamstripsservedasboundariesandasprotective
devicesagainstabrasionforthegivensitesThefoam
stripsoutlinedtwositesoneachforearmofeveryvolun
teerfoursitesperindividual

2OneofthefourrepellentsDEETSRI6carbamideor
sulfonamidewasappliedinethanolsolutiontoeachsite
ataconstantconcentrationperunitofforearmareaThe
volumeappliedvariedaccordingtothesurfaceareaof
thesiteonthevariousindividualsTodeterminethesur

faceareathecircumferenceofthearmwasmeasuredat
points3cm12cmand21cmfromthewristThesur
faceareaofeachtestsitewascalculatedastheareaofa
frustumofacone A sRI R2xSelby1968
whereA areas 9cmandR1R2aretheradiiatthe
upperandlowerboundariesofasite

3Thetotalcircumferenceoftheareamarkedoffbythe
foamstripswascoveredwiththerepellentsolutionfor
thatsiteTherepellentwasappliedsothatnorepellent
appearedonagivensitemorethanonceinanygroupof
fourindividualsEachsubjecthadhisownDEETcontrol

Allresultswereanalyzedusingapairedcomparisonwith
DEETandhavingstatisticalsignificanceatthe95level
asdeterminedbytheStudentstdistributionSixand7
Augustwerereplicatesandthedataforthetwodays
werecombinedforanalysis

4Thetwelveindividualsusedinthetestweredividedinto

threeequalgroupseachcontainingfourvolunteersand
theapplicationtimesforthevolunteerswerestaggeredto
obtaindifferentiationbetweenrepellentprotectionTest
ingoccurredfromonehalfhourbeforetoonehalfafter
sundownexcepton10July1973Aconcentrationof
048mgcmwasusedinrepellenttestsexceptasstated
elsewhereThisconcentrationwasdesignedtolastap
proximatelyfromaninitialmorningapplicationtotest
ingatsunsetTheapplicationtimesareasfollows

25Jun73 67Aug73 8Aug73

Group 0800 0700 1000

GroupII 1000 0930 1000

GroupIII 1200 1200 1000

5Duringtheactualfieldtrialsthevolunteerswereissued
thefollowingitemstropicalfatiguesandbootsplastic
glovesforthehandsheadnetscanvassquaretositon
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penandnotebookforrecordingtheirownresultsand
pensizeflashlightforvetifyingbitesaftersunsetOnly
theactualrepellentsiteswereexposedtomosquitoes

RESULTSANDDISCUSSIONOn10July1973the
firstoftwopreliminaryexperimentswasconductedThe
firstexperimentwasdesignedtocomparethefoursitefield
methodusingthetotalforearmcircumferencetothefour
sitetechniquedesignedatLAIRBrodel1974Twoof
fourindividualshadfieldtestsitesontherightforearmand
twohadthefieldtestsitesontheleftforearmTheother

forearmoftheindividualshadthestandardlaboratorytest
sitesRepellentswereappliedat0900hoursForthistest
twostockrepellentsolutionscarbamideandDEETwere
appliedat048mgcmandtestingwasdonebytheusual
LAIRlaboratorymethodBrodel1974

Theresultsshowthefieldtestvalueswereexactlytwo
hourslongerinprotectiononeachindividualthaninthelab
methodThissituationisprobablyanexperimentalartifact
resultingfromthesmallpopulationatriskTheDEETfield
testmethodgavealongerdryprotectiontimethanthe
DEETfoursitemethodwhilewiththecarbamidethefour
sitemethodgavealongertimethanthefieldtestmethod
Thisdifferencewasnotstatisticallysignificantprobably
becausecarbamideat048mgcmgivesprotectionbe
tween2025hourssuchthatabrasionisasubstantialfactor
Inthefieldmethodthetotalcircumferenceofthearmwas

coveredbyrepellentwhileasmallerrectangularsiteonthe
ventralforearmisusedinthelaboratorydesignAbrasion
wouldbemorelikelytooccurwhenusingthefielddesign

On25July1973twelvevolunteersweredividedinto
threegroupsoffourvolunteerswitheachgrouphavingits
repellentsappliedatLAIRatdifferenttimesasdescribed
aboveAfterbusingtoHamiltonAirForceBaseabout
twentymilesnorthofSanFranciscowheretheclimateis
muchwarmerthemendidtwentyminutesofcalisthenics
followedbya15milerunThenthetestsubjectsplayed
softballforonehourcreatinganabrasionfactorAtsun
downuponreturningtoLAIRtestsiteswereexposedin
thelaboratoryforoneminuteinoneoftwotestcagesThe
totalnumberofbitesreceivedinoneminutewasrecorded

Itwasfoundthatthe0800groupTable1showscarba
mideashavingsignificantlyfewerbitesthanDEETUnder
similarcircumstanceswithoutabrasivefactorsonewould
expecttofindthatsulfonamideoffersprotectionequivalent
tothatofcarbamideThesulfonamidedatahaveagreater
standarddeviationattributedtoabrasionInasmallpopula
tiongrouptheabrasionfactordisturbsthenormaldistribu
tionandbecomesthedominantinfluenceinstatisticalanal

ysisAsaresultofthisthesoftballgamewasexcluded
fromplannedactivitiesinfieldtrials

The1000hoursgroupshowednocompoundsignificant
lybetterthanDEETduetotheabsenceofbitesinoneindi
vidualwhichpreventedanystatisticaldifferentiationbe
tweentherepellentcompoundsTable1Moreoverabra
sioninatleastoneothersitegivesalargestandarddeviation
forthegroupdataCarbamideandsulfonamideshowed
significantlybetterresultsthanDEETinthe1200group
whereabrasionfactorsdidnotpredominate

On5August1973agroupof12volunteerswentto
CampLejeuneNorthCarolinaOn6and7Augusttheap
plicationsweremadeandvolunteersengagedinmoderate

Table1PreliminaryfieldtestHamiltonAirForce
BaseCalifornia

5

3

0800 10

1000

1200

RepellentEfficacyBitesMinuteTestSite

SRI6 Carbamide DEET Sulfonamide

1

1

0

4

4

3b
3

0

0

0

0

0

0

2 0
1 0

0 1

1 0

4

6

2

2

0

1

14

8

SignificantlydifferentthanDEETata95level

3

0

0

0

0

0

0

0

2 l
3 0

2 0

2 1

aTest25July73on12volunteersatadoserateof048mgcm
Eachnumberrepresentsanindividualtestsite

activitysuchasjoggingandmarchingDuringthetestthe
individualsweredistributedrandomlyaroundthetesting
areaEachvolunteersatonacanvassquareandheldhis
armsawayfromhisbodyOnevolunteerwaschosenran
domlyeachnightfromthegroupasatreatedcontrolwhile
oneindividualactedasanuntreatedcontrolMosquitoes
collectedfromthetreatedcontrolshowedwhatspeciesbit
eachrepellentsiteMosquitoescollectedfromtheuntreat
edcontrolwereameasureofspeciespopulationanddensity
ofthemosquitoesMosquitopopulationscreeningduringall
testsshowedthatAedestaeniorhynchuswasthemostpre
valentspeciesalongwithAedessollicitansandAnopheles
erucianswhichwerepresentinsmallnumbersMosquito
densitywasestimatedat200manbiteshourTheAedes
taeniorhynchuswholebodycountfromtheuntreatedcon
trolwas193whileonly10werecollectedfromthetreated
testsiteusedasacontrolon6AugustRepellencyresults
wereanalyzedbypairedcomparisonofthenumberofbites
receivedonatestrepellentsitetothecontrolDEETsite

On8AugustthetestareawaschangedAllapplications
weremadeatadoserateof031mgcmat1000hours
Otherwisethetestingproceduresfollowedthatofthetwo
previousdays

Thepurposeofthefieldtrialwastorelatelaboratory
resultstofieldresultsbycomparingthetestrepellentsto
thestandardArmyrepellentDEETResultson6and7
AugustTable2arereportedinbitesperonehourofex
posuretomosquitoesatCampLejeuneInthe0700group
carbamideandsulfonamideshowsignificantlybetterpro
tectiontimethanDEETThetwootherrepellentsite
groups0940and1200groupsdidnotreceiveenoughbites
todifferentiatebetweenrepellentsThethreeapplication
timesinthefieldtrialsallowedonetodetectdifferencesin

repellentsregardlessofhighorlowmosquitodensityandor
avidityForinstancetherepellentscouldnotbedifferen



Table2Meanbitespertestsiteinonehourexposure
infieldtrial

DEET

SRI6

Sulfonamide

Carbamide

X S

263

313

013
000

0700 0930

213

368

035

000

aTest6and7August73on12volunteersatadoscrateof048mg
2

cm

hSignifcantlydifferentfromDEETat95level

Table3RankingofrepellentsLabandField

Carbamidc 17451

Sulfonamide 14356

SRI6 8549

DEET 66 17

Applicationrates031mgcm
Numberof

volunteers 828

LAIR CampLcjcunc

Xhrsprotection TotalBiteshr

todate 67Aug0700 8Aug

O

2

15

21

048mgcm

12

aSignificantlydifferentfromDEETat95level

S

100 160

038 052

000 000

000 000

3

8

50

66

031mgcm

12

tiatedifallvolunteershadhadtheirrepellentsappliedat
0930

Resultsfrom8August1973Table3showthatthecar
bamideandsulfonamideoffersignificantlybetterprotec
tionthanDEETindecreasingthenumberofbitesBycom
paringrepellentstoDEETwecanobtaininformationon
howtherepellentsprotectivepropertiesundergiventests
relatetoDEETInlaboratorytestingTable3wefound
carbamideandsulfonamideprovedtogivesignificantly
betterprotectionthanDEETlikewiseinthefieldresults
Thuslaboratorymethodsareindicativeofthefieldresults
underconditionstestedandalsocarbamideandsulfona

midearesuperiortoDEETunderthetestproceduresused
UnderthetestconditionsdescribedSRI6wasnot

foundtobesignificantlybetterthanDEETSRI6haspoor
washoffresistanceSpencer1974andsweatingaformof
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washoffwoulddetractfromthiscompoundsrepellent
propertiesinfieldtrialsAsaresultofpoorwashresistance
theSRI6compoundwasnotexpectedtobebetterthan
DEETinthefield

SUMMARYTodetermineifourlaboratoryresults
wouldpredictarepellentsrelativeprotectiontimeunder
actionfieldconditionsafieldstudywasundertakento
comparethreerepellentstothestandardmilitaryrepellent
DEETPreliminarytestingwasdonetodeterminethe
feasibilityofourfieldmethodswhichwasfoundtobesat

isfactoryActualfieldtestingproducedthesamerelative
comparisontoDEETaswasdeterminedinourlaboratory
testTable3

Carbamideandsulfonamidegivesignificantlylongerpro
tectiontimethanDEETinthelaboratoryandsignificantly
lessbitesthanDEETunderfieldconditionswhileSRI6

offeredprotectionwhichwasnotsignificantlydifferent
fromDEETForthemosquitospeciesandfieldconditions
encounteredthelaboratoryscreeningprocedureappearsto
havepredictedthefieldresults
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TheCanadaCommitteeOnBitingFlieswasformedin
1973andconsistsof18membersrepresentingprovincialand
federaldepartmentsofagricultureuniversitiesandother
federaldepartmentsItisresponsibleforanalyzingthepro
blemofbitingfliesinCanadaandrecommendingactivities
whichshouldcontributetothesolutionoftheproblem
ReportsaremadeannuallytotheparentCanadaAgri
culturalServicesCoordinatingCommitteewhichiscom
posedofprovincialDeputyMinistersDeansofAgriculture
andVeterinaryMedicineCanadaDepartmentofAgricul
tureandotheragriculturalelements

In1972twogatheringswereheldinCanadawhichled
totheformationofthisCommitteeoneaSymposiumon
BitingFlyControlandEnvironmentalQualityinEdmon
tontheotheraWorkPlanningMeetingonBitingFliesand
theirControlinSaskatoonThesehaveprovidedcurrent
informationonthestatusofresearchonbitingfliesand
recommendedapproachestobetakeninsettingupprior
itiesamongthemajorproblems

CANADACOMMITTEEONBITINGFLIES

JSKelleher

AgricultureCanada
ResearchBranchOttawaOntarioKIAOC6
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OnemeetingoftheCommitteewasheldinDecembera
secondwilloccurinMarchPlansinclude1aNewsletter
onceortwiceeachyeargivinginformationonregionalpro
blemsandrecommendationsandsimilaritems2anIn
ventoryrelatingtobitingflyworkinCanadalistingcurrent
researchpersonnelandsignificantreportsandpublica
tions3preparationofRetrospectiveandCurrentAware
nessbibliographiespertainingtotheCanadiansituation
4feasibilitystudiesofaBitingFlyResearchInstitute
5recommendationstotheparentCommitteeofthose
researchprioritiesthatcanbedesignatedatthistime

IexpectthisCommitteetobeafocalpointofbitingfly
researchinCanadaandwelcomethisopportunitytospeak
toUSworkerswithsimilarinterestsintheAMCAWe

havealwaysrecognizedthesimilarityofpestproblemsin
ourtwocountriesandearnestlydesiretostrengthenthis
collaborationbyanyexchangesofinformationthatwould
furtherthisrelationship



COMPUTERUSEINMOSQUITOABATEMENTDISTRICTMANAGEMENT

JohnBToenyesandJamesSFreeman

CascadeCountyMosquitoAbatementDistrict
2222NorthRiverDriveGreatFallsMontana59401

CascadeCountyMosquitoAbatementDistrictwasform
allyestablishedinAugustof1968after25yearsofsporadic
larvalcontrolandfruitlessattemptsatadultcontrolinthe
GreatFallsareaTheDistrictincludestheentirelandarea

ofCascadeCountycreatingamosquitocontrolprogram
encompassingnearly18millionacresofwhich30thou
sandacresarepotentialmosquitobreedingsites

ThepopulationofCascadeCountyisapproximately
80000people75percentcentralizedinGreatFallsand
therestwidelydistributedAgreatmajorityoftheCounty
isagriculturallandwithrelativelylowtaxablevalueSmall
populationandlowtaxablevalueseverelyrestrictthebud
getresourcesavailableAnoperatingbudgetofapproxi
mately150000wassetfortheDistrictTheexaggerated
ratioofsmallbudgettorelativelylargeareaneedingservice
requiresverystrictmanagementtoaccomplishthebest
controlpossibleperdollarspent

AstheFederalEnvironmentalPesticideControlActof

1972takesfulleffectgreateremphasisisbeingplacedon
maintainingcompleteandaccuraterecordsofallpesticide
usageFederalstateandlocalenvironmentalorganizations
arecontinuallyincreasingpressureonapplicatorstouseex
tremecaretoinsuresafeandaccuratechemicaltreatments
appliedonlywhereabsolutelynecessaryThisincreasing
awarenessofpotentialpesticideproblemshasdemanded
improvedmethodsofmanagementandrecordkeeping

Ourrecordkeepingprogramwasevaluatedtodetermine
whatwouldbenecessarychangestomeettheincreasedde
mandforaccurateinformationAmongtheseveraltypesof
informationrequiredfromfieldpersonnelwerethefollow
ing1locationsofsourcesandplaceswherepesticidesare
appliedmustberecordedbytownshiprangesectionand
station2thenumberofsamplingdipsnumberoflarvae
presentandthestagesofdevelopment3chemicalinfor
mationincludingthechemicalnameconcentrationa
mountofmixtureappliedandacreagetreated4thedate
managementareaorzonetypeofequipmentemployees
nameandacompletebreakdownoftimeusageMostof
thisinformationwasalreadybeingrecordedbyfieldperson
nelanditwasapparentthatthemainproblemwasnot
lackofdatabutlackofmeansforrapidandaccurate
evaluation

Amajorprobleminevaluationisthecorrelationofpre
applicationdatatorelevantpostapplicationinformation
Amethodwasdevisedwhichincorporatedvariousmeasure
ablelimitingfactorsTheseincludedtemperaturelarval
developmentperiodchemicalpersistanceandtheireffects
oneachotherIncorrelatingthesefactorswithsampling
andapplicationdatesmanycalculationsandcomparisons
arenecessaryTimerequiredforanalysisbystandardmeth
odsistoolongtobefeasibleasamanagementtoolbut
personneltimeinputcanbeminimizedbyanalysisofthe
databycomputer

AccordinglywearrangedtouseanIBMSystem3
machineavailablethroughthecountygovernmentThere
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wasnooneavailableatreasonablecosttowritetheneces

saryprogramsbutatthesuggestionofIBMpersonnelthis
wasresolvedthroughformalIBMtrainingandonthejobex
periencetodeveloptheskillsneededtowriteprograms
Thisgaveusthemanagementtoolneededforrapidand
accurateprogramevaluationonaregularbasisTheadminis
trativeuseofperiodicevaluationshascontributedtoeffi
ciencyofthetotalprogramaswellaseconomyofsingle
projects

Informationfromeverystationvisitedistransferred
dailyfromfieldreportsontopunchcardsandfedintothe
computerforanalysisThedataarethenprocessedtodeter
minewhicharepertinentforeachsituationComputercom
putationsdeterminethedensityoflarvaepersquarefoot
foreachsamplePreapplicationsampledataarethencorre
latedwithrespectivepostapplicationdatatoindicatethe
efficacyachievedbyeachcontroloperationThisfactoris
termedacontrolindicator andisusefulindetermining
theefficiencyofrespectiveoperations

Recordsofchemicalapplicationscanbestudiedbycom
putersChemicalusageisaccumulatedandcomparedforall
levelsbystationstownshipsdrainageareasandapplica
torsThefiguresarethencorrelatedwithacreagedatato
compareapplicationrateswithrecommendedratesandef
fectivedosagesFrequentcomputeranalysishasprovideda
meansofcontinuallyevaluatingtheeffectivenessofeach
chemicalinuseandofcomparingitwithotherchemicals
appliedastopersistenceandefficacyundervariousenviron
mentalconditionsThesedataprovideavalidbasisforde
terminingtheparticularpesticideforeachspecificpurpose
andalsoshowwhenachangeinchemicalsorapplication
ratesisnecessarytoprovidemaximumresultswithmaxi
mumsafetyandminimumexpendituresTheeffectsof
chemicalsuponindividualscanbeusedasasupplementary
safetyguidebyfrequentsamplingofcholinesteraselevels
inthebloodofpersonsapplyinggreaterthanaverage
amountsoforganicphosphatecompoundsThecomputer
speedsupthehandlingofthedataItisalsousefulinpre
ventivemaintenanceorfieldbreakdownsandincreasingthe
safetyfactorbyanticipatingwhenbadlywornapplication
equipmentshouldbeoverhauledorreplaced

Computerizedrecordsorlaborinputandcostscorrelated
withchemicalusagepermitsdeterminationofunitcostsof
controlaccomplishedThecomputeralsoprovidestotalex
pendituresoneachprojectThisconvenientaccesstoaccu
ratefigurescontributestooperationefficiency

Therecordsgivemanagementinformationusefulin
makingdecisionsoncrewreorganizationforbettercoverage
ofproblemareasdeterminingtherighttimeformajor
changesinprogramprioritiesandreassignmentofdutiesto
insureachievingmaximumcontrol

Datathatwouldtakeweekstoevaluatebyolderproced
urescanbeprocessedinminutesAnalysisofanentire
yearsdataforallpertinentfactorscanbedoneinroughly



twohourswithimprovedaccuracyAprimaryadvantage
ofcomputersispromptandrapidevaluationoffielddata
toprovidecurrentinformationonthecurrentstatusof

MosquitoControlOperatorInspectorOperatorAbate
mentOperatorZoneOperatorZonemanFieldmanSpray
manorwhateveryoucallthebasicoperationalpersonis
thepersonwhodoestheessentialfieldworkHeisarespon
siblereliableandwelltrainedpersonIfhedoesnotnow
possessthesecharacteristicshesoonwillhavetoanditwill
beuptotheDistrictManagertoseethathedoes

By1975personswhousepesticidesformosquitocon
trolinCaliforniawillhavetobecertifiedbytheCalifornia
StateDepartmentofHealthascompetentintheproper
safeeffectiveandeconomicaluseofpesticidesTheywill
havetoknowspecificentomologicalfactsaboutmosqui
toesdiseasepotentialofmosquitoesbiologicalandecolo
gicalfactsaboutprevalentspeciescomprehensivemosquito
controlbiologicalphysicalandchemicalmeasuresevalu
ationtechniquesandsafeandlegaloperationsTheworker
willhavetoapplythisknowledgetofieldoperationstobe
aneffectiveoperator

DUTIESANDRESPONSIBILITIESWiththecertifi

cationandtheincreasingsophisticationofthetoolsheuses
inhisworktherewillbeanexpansionofthedutiesand
responsibilitiesoperatorsnowhave

Alistofthedutiesandresponsibilitiesofacontroloper
atorintheOrangeCountyMosquitoAbatementDistrictis
asfollows

1Heisresponsiblefortheeffectivecontrolofmosquitoes
andothervectorswithinhiszone

2Heusesjudgmentinorganizingandcarryingouthiscon
trolprogramandschedulesinspectionsandoperations
toeffectivelycoverhisassignedzone

3Heenterspublicandprivatepropertytocarryouthisre
sponsibilities

4Heevaluatesmosquitoproducingconditions
5HeistheDistrdirectrepresentativetothepublic
6Heinterviewseahpropertyownerreportingmosquito

annoyanceevaluatestheproblemdeterminesitscause
andseesthatabatementproceduresarecarriedoutto
preventacontinuingnuisancetothatresident

7Hepreparessignsandgivestoeachresidentreporting
mosquitoannoyanceaReporttoServiceRequestor
advisingtheresidentofthecauseoftheannoyanceand
thecorrectiveaction

8Hepreparessignsandgivestootherresidentswhose
premiseshehasenteredandinspectedforpossiblemos
quitobreedingsourcesaReporttoHouseholderad
visingthathehasenteredthepropertywhyhehasenter

PORTRAITOFANOPERATOR

JackHKimballandGilbertLChallet

OrangeCountyMosquitoAbatementDistrict
PostOfficeBox87SantaAnaCalifornia92702
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eachcontrolactivity
Futureuseofcomputersforbettermanagementevident

lywillbelimitedonlybytheimaginationoftheuser

edthepropertytheresultsofhisinspectionandany
correctiveactionthatshouldbetaken

9Heteachesandseekscooperationofandprovidesadvice
andassistancetotheresidentorpropertyownerrespon
sibleforamosquitobreedingsourceonhowthepublic
nuisancecanbecontrolledorabated

10HeissuesawrittennoticeMosquitoSourceInspection
Reporttotheresponsiblepartywhennecessaryre
questingabatementofthepublicnuisanceandadvising
himofthepropertyownersresponsibilityunderthe
MosquitoAbatementAct

11Hechoosestheinsecticideandmethodofapplicationfor
aparticularsituation

12Heusessafepracticesandprocedureswhenapplyingin
secticidestoprotectthepublicandtheenvironment

13Heobservespotentialproblemsdevelopinginthefield
14Hepreparesandmaintainsmapsrecordsanddocument

ationofallbreedingsourcesandabatementactions
15HepreparesanAnnualReportsummarizingthemosquito

controlactivitieswithinhiszoneandpresentsrecom
mendationsforitnprovementsinmethodsandequip
ment

16Hedirectsseasonalcontroloperatorsassignedtohis
zone

TheOrangeCountyMosquitoAbatementDistrictwill
soonbeexpandingitsresponsibilitytocoverotherphasesof
vectorcontrolwithinOrangeCountyThismeanstenopera
torsplusfouradditionaloperatorstobehiredwillbe
acceptingnewresponsibilitiesinthecontroloffliesrats
andothervectorsTheywillhavetobetrainedinthesenew
areasandadapttonewandchangingconditions

Theseoperatorsarestablepersonswithanaverageof
eightyearsofservicewiththeDistrictandaverageageof
34Allarehighschoolgraduateswithanaverageofone
yearofcollegeexperienceTheaveragesalaryis12182
andthetenoperatorshaveanaverageof18children

Thesemenhavechosenthisspecialtypeofworkasa
lifetimecareerandtheypreferoutdoorworkandcontact
withpeopleTheyareinterestedinnatureandinprotection
oftheenvironmentTheyhaveadesiretocontinuelearning
newtechniquesforthecontrolofmosquitoesandother
vectorsTheyareinterestedintheaffairsoftheCalifornia
MosquitoControlAssociationandtheyparticipateinits
activitiesandprofessionalmeetingwheneverpossibleThey
identifywiththeirjobusepersonalinitiativeandhavepride
intheirworkTheyareindividualswiththehigheststand
ardsofhonestyreliabilityandmorality



AERIALPHOTOGRAPHICSURVEILLANCEOFMOSQUITOBREEDING

SOURCESINANURBANENVIRONMENT

Neglectedandabandonedswimmingpoolsareanimpor
tantmosquitosourceinurbanOrangeCountyThese
sourcescauseagreatnumberofservicerequestsinthe
coolerpartsoftheyearwhenthepoolheaterandfiltering
systemsaredisconnectedAControlOperatoroftenspends
manyhourslocatingsourceswhenrespondingtoacom
plaintandhecannotalwaysbesurehehaslocatedthe
sourceAerialphotographicsurveillancehasimprovedour
swimmingpoolsourcedetectionandpreventedanumber
ofcomplaints

Theuseofaerialphotographicsurveillanceofbreeding
sourcesinOrangeCountybeganinMarchof1973Itwas
anunexpectedresultofaflighttakentophotographlarge
mosquitosourcestofacilitatemappinganddocumentation

WhilepassingovertheCityofOrangeavariationin
colorwasnotedbetweenseveralprivateswimmingpools
inatypicalresidentialareaMostwereclearblueandwell
takencareofafewhoweverweredarkgreenincolor
Circlingtheareaat2000feetseveralphotographswere
takenbeforeproceedingtotheoriginaldestination

Carefulexaminationofthisseriesofphotographswas
instrumentalinthedetectionofatotalof30swimming
poolsnineofwhichappearedtobeneglectedandsevenof
whichwereinfactbreedingmosquitoesStatistically25
oftheswimmingpoolsphotographedwerebreedingmos
quitoesand77ofthepoolswhichappearedtobeneg
lectedwereinfestedwithmosquitolarvae

Aerialobservationasameanstodiscoverandprecisely
locateactivelybreedingofpotentialmosquitosourcesin
SouthernCaliforniahasbeenusedbytheSoutheastMos
quitoAbatementDistrictincooperationwithLosAngeles
arealawenforcementagencieswhousedaircraftintheir
routinepatrolactivitiesArrangementsweremadeforDis
trictpersonneltorideasobserversandnotenewsources

TheBoardofTrusteesoftheOrangeCountyMosquito
AbatementDistrictatitsApril1973BoardMeetingapprov
edtheuseofaerialphotographicsurveillanceonalimited
basisasaresultofthephotographsandfollowupinspec
tionsofthepreviousmonthAfterverifyingthatinsurance
coveragewasadequatemethodsandproceduresformaking
routinesurveillanceflightsinOrangeCountywerede
veloped

Intheinterestofeconomypreciseplansandcriteria
wereestablishedforsubsequentphotographicmissionsthus
minimizingthewasteofexpensiveflyingtimeTheproce
durenowusedisasfollows

1Theforemanandoperatorsdeterminewhichareasareto
bephotographedbasedongeneralknowledgeofthepre
senceofswimmingpoolsintheareathenumberofser
vicerequeststheagegeneralconditionandpastrecord
ofpoolproblemsinthearea

GilbertLChalletandBFredBeams

OrangeCountyMosquitoAbatementDistrict
PostOfficeBox87SantaAnaCalifornia92702
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2TheDistrictVectorEcologistwhoactsasphotographer
andtheDistrictPilotanobserverifrequiredgoover
theproposedflightplanandtheareatobephotograph
edApreliminaryplanoftheflightisbasedonastand
ardThomasBrothersRoadAtlasThescaleis1
2800andeachsheetrepresentsaninesquaremilearea
whichhasprovedtobeanidealsizeforthisphaseof
planningThismapisencasedinplasticallowingnota
tionandoutliningtheareastobephotographedwithfelt
tippen

Thefinalflightplanisplottedonamapwhichisscaled
1 800andwhichisrepresentativeofonesquaremile
Theflightpathisdrawninandduringtheflightthenum
berofthephotographisentereddirectlyonthemap
overtheareaphotographedandsimultaneouslyentered
onalogsheettherebyreducingthepossibilityoferror
Orientationerrorsaresometimespossibleduetothe
largenumberofurbanareasinOrangeCountywhich
haveasimilarappearanceinaphotographmakingit
difficulttolocatethempreciselyArecordismadeon
thelogsheetoftheflightnumberdatecrewaircraft
numberdurationoftheflightandthecameraandfilm
types

3Theflightiscarriedoutinaccordancewiththeflightplan
photographingareasinquestionandrecordingthedata

4Thephotographsaredevelopedwithinfortyeighthours
TheAreaForemanandZoneOperatoranalyzethepho
tographsanddeterminewhichsourcesappeartobeneg
lectedThesesourcesarethenlocatedpreciselyonamap
whichhasascaleof1 400eachsheetofwhichrepre
sentsa14milesquareThismapshowsindividualproper
typlotswhichfacilitatesmorepreciselocationofthe
poolsWhenthepoolshavebeeninspectedandappropri
atetreatmentcarriedoutthefindingsarerecordedon
themapwhichwithotherrecordsbecomeapermanent
logofourfindingsandtheactionstakenWethenuse
thestandardroutineofperiodicinspectionandtreatment
untiltheswimmingpoolisbackinuse

TheequipmentusedisahandheldMinoltaSRT101F
1735mmcameraequippedwitha55mmlensWeprefer
KodakKodachromefilmfortransparenciesbutKodakEk
tachromeXcanbeused

Twotypesofhighwingaircrafthaveprovedtobesatis
factoryThefirstistheModel150Cessnaatwoplace
aircraftThesecondistheModel172Cessnawhichwill
accommodatefourpassengersBothairplanesoffergood
visabilityandthefrontseatsidewindowsmaybeopenedin
flightTheymaybeoperatedsafelyasslowlyas70to80
milesperhourindicatedairspeed

Thephotographsaretheobliquetypeshotatanangle
ofbetween35to45fromtheverticalplanewiththeair
craftinalevelflightattitude



S03I1331107H0

11a11
ZS6 00016

00031
00044
00062

00046
00056

00020
00027

00026
00030

100020
00036

00070
0012 9100

99000690W
I

110
900

91
1610S00061000

11000
110

6900
ZED

0

6200
2100 69000S0000100 0000

ZZ000
900
910066000 69000

19000
990

610
OS E EE

nono

88s8 ss
v

88 e 8 8
mw

88 8 0 1

0112
OS

2 A8
N

222t
N

72
n

2812
rmN

i 22
v ryn

m AA
n i

Az A
N

P
4

m
3 mam Sn 2a ono

4
t2
n n

n
N P

Y r

91P
r r

M

r 1A
P O

a aP
Ory

PP
rn ti

w P

P x
r I

PERTHION

171
246 0020

0025
0024
0031

0027
0035

0047
0073 OSSO

Mil

SSSS

OSOOS

SOSOO

OOOs

ooSE o

CfS

p p
SO

O
OO

08888

OOO S

0 80 8

p p

p8
Op

O

p

OH

8 88

0491 0 88888 88888
71

00808 88888
2

8 8 0 88

o11e105
r n

09
17079719EV5 rIs Hau a 8282

0979
9

9

9

67

1
n NN4 44 4nmt f44u1 nNn n n4

PPPPP

o00

PPPPP m
22P

PPPPP

a M
PP

METHYL
PARATHION

s7im71
246 0027

0036
0029
0036

0020
0026

0026
0033 O O O

g

ii OO

8 8

COSOO

88800

OSSO

8888

SS

88

O

8

04 0032
i

0031
j

0041 80 02120
co 8888 00

00
0
0

o11ea
0S

07
On 2t12g

P

82A28
canryN

8222
eaonn

21
nn

2
N

a

al Et wPP PP w

NOINVOVd

e11
11

216

4100
Z00

900
6100

990
6100

6200

100
6100
1100

100

0900
AZ00
0100

Z200
69000

1600
1900

9100
100

5100
1100

1E00
SZ00

0900
Z00

620
610

910
Z600

100
500

SZ00
1100

6100
S100

T0
ZS00

S90
S90

900
100

00
610

1900
1900

200
Z00

9100
VZ00

000
9900

100
9200

6100
5100

7100
IZ00 0033

0047
013

020

OS 0 88

o

8888

n Nnnto
88 88

222
88800

nnRe
8880

rttA
888

A
88

o

880

lleaOS Am 8Snoo
N NN

Nnvr No
N4

038aa
nryNNN

omm22
N i

An

m

Pa nanon mnm4
na

ryneNry eau g

aeaA
No

r
PPPPP

P

m

moP

PPPPP
ooN

PPPPP

v o

aTTP
No

ti

N01HVIVN

611611
16

4mo

000

oov

0000

SS

00 00

mRR o

0 oM

qg
momo 2S

donoo

O

E 020

a S 0000

0 Emoo 00O2v 1E v Ene 0800 0 00 000

0110101
non 828ng

rynnrye

22 32
mn

oo8 2834
oon

22832
n N

2 72
N Nn

PnNA
n N

122 22111 A4 2 0
ry

048
n N

2A242
N mn

2 g2
n 4

8222
ry4no

P 4 PTP HO

UMW
1uno3
eoyiay3slMS

7029
an1d

opa
13 Ica

Moline
Corning butte

Canty
rclueaSutter

Yuba lnbur
as

ulnbor
ees

a1iA
0I9la

1no3
00105p10A010ang235 0024e8111

01104A

3u

32apII
1uno3
pAA909a

p1S
leA Preen Consolidated DeltaKingsTulare e12a1u9dae3

4111A
01100

ap1S
11110ulaa Southeast Ivry

beach
Orange
County

Riverside
City

Northwest San
Diego
Canty

Coachella
Valley

Antelope
Valley

Ioyo
County

CT

to

0

Cs

0

0

0

0
00
bqa
0

0

aN

N

catb

0

N

T

0

0

cdD

N

cNi

109



110

1958whenparathionresistancewasreportedfromthe
KingsMosquitoAbatementDistrictLewallenandBrawley
1958Parathionresistancehasnowbeenconfirmedfor
nearlyallagenciesthatmustdealwithAnigromaculis
Larvaefrommorethanhalftheagenciestestedareeither
moderatelyorhighlyresistanttoparathionsreplacement
methylparathionanditsusehasbeendiscontinued

Halfoftheagenciestestedhavemoderateresistanceto
thenextsubstitutedmaterialfenthionwithanLC50greater
than001ppmThesearegenerallythesameagenciesthat
havepopulationshighlyresistanttoparathionandmethyl
parathionThereisadifferenceinslopeseparatingpopula
tionsinthenorthfromthoseinthesouthernportionofthe
CentralValleyThispatternwasfirstnotedbyWorneldorf
etal1971andhassincebecomemorepronouncedas
moreareashavebecomeinvolvedDistrictsfromMerced

Countynorthhaveresistantpopulationscharacterizedbyan
increasedLC90LC50ratinsimilartothatforparathion
whilethosefromthesouthhavelowratioseventhoughthe
LC50sareofthesamemagnitudeasthenorthernpopula
tionsSincetheinformationinTable1isbasedonasingle
highleveltestresultthedifferenceinslopedoesnotshow
clearly

Chlorpyrifoshasnotbeenwidelyusedforareawidecon
trolModeratebutoperationallyhamperingresistanceis
mainlylimitedtothegeneralareaswhichwerethefocal
pointsforinitialresistancetoparathionTheseareasarethe
SutterYubaMosquitoAbatementDistrictintheSacra
mentoValleytheTurlockMosquitoAbatementDistrictin
thenorthernSanJoaquinValleyandtheKingsandTulare
MosquitoAbatementDistrictsinthesouthernSanJoaquin
ValleyTheseagenciesandtheirimmediateneighborshave
alsoexperiencedsevereresistancetotheorganophosphorus
adulticidesandhaveledintheuseofthecarbamateadulti

cidepropoxur
Malathionhasbeenusedintensivelyinagriculturalareas

byonlyafewagenciesandmosquitolarvaefromthese
agenciesaregenerallycharacterizedbyhighlevelsoftoler
ancetothismaterialHoweverotheragenciesareaffected
bycrosstolerance

Culextarsalislarvaewerefirstreportedresistanttomala
thionintheFresnoMosquitoAbatementDistrictin1956
GjullinandIsaak1957Sincethenmalathionresistance
hasbecomegeneralthroughoutmostofthestateasevi
dencedbyfieldfailuresandconfirmedbyLC50sgreater
than01ppmandanincreasedrationofLC90LC50
Table2

Priorto1969resistancewasgenerallyrestrictedtomala
thionwithsomescatteredinstancesofhighlevelsoftoler
ancetofenthionThenquitesuddenlyinmid1969severe
organophosphorusresistancewasverifiedinlarvalpopula
tionsofCtarsalisfromseveralcontiguousagenciesinthe
southernSanJoaquinValleyextendingfromtheFresno
MosquitoAbatementDistrictinthenorthtotheKern
MosquitoAbatementDistrictinthesouthFigure2All
currentlyavailableorganophosphoruslarvicideswerein

cludedGeorghiouetal1969SchaeferandWilder1970
Womeldorfetal19711972Theresistancehassince
spreadnorthwardandcurrentlyincludesmostagencies
southoftheMaderaCountyMosquitoAbatementDistrict
intheCentralValleyResistanceofthesamemagnitude
appearstohavedevelopedindependentlyintheCoachella
ValleyMosquitoAbatementDistrictinsouthernCalifornia

WiththeexceptionofmalathionLC90LC50ratiosare
generallylessthanthoseforAnigromaculisindicating
morehomogenouspopulationsTheLC50saregenerally
lowernotexceeding005ppmNeverthelesstheselevels
arehighenoughtocausecontrolfailuresinthefield

ACKNOWLEDGMENTSPersonnelatallofthemos

quitocontrolagencieslistedaidedincollectingandtesting
larvaeWeareespeciallyappreciativethattechnicalstaffof
agencieswhothemselvesperformedthelaboratoryworkas
notedinthetablesprovideduswiththeirdata
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FAILUREOFTIMEEXPOSURETECHNIQUETOMEASUREPROPDXURRESISTANCE
INADULTAEDESNIGROMACULIS

ErnstPZborayandKathleenEWhite
CaliforniaDepartmentofHealth

BureauofVectorControl714PStreetSacramentoCalifornia95814

INTRODUCTIONControlofadultAedesnigromaculis
hasnotbeenpossiblewithorganophosphoruscompoundsin
areasofCaliforniawhereresistancehasbecomeextremely
severeThecarbamatepropoxurisnowusedtosuppress
theadultsbutsporadicfailuresofthiscompoundhave
beenreportedbyseveralmosquitocontrolagenciesThe
needforapracticallaboratorymethodtomonitordevelop
ingpropoxurresistanceinCaliforniasadultmosquitoeshas
beenincreasinglyapparentThelethaldosagemethodie
exposinginsectstoarangeofconcentrationsforaconstant
timedidnotclearlydifferentiatebetweensusceptibleand
operationallyresistantadultAnigromaculisZborayand
White1973Therewereindicationsthatthelethaltime
methodieexposinginsectstoastandardconcentration
forarangeoftimeperiodsmightclarifythedifferencebe
tweensusceptibleandnonsusceptiblestrainsThistech
niquehasbeenusedbytheWorldHealthOrganization
Anonymous1970

In1972preliminaryexperimentswiththistechnique
ZborayandWhite1973establishedthat42microgram
cmpropoxurwasausefulstandardconcentrationand
thattherangeofequallogtimeexposureintervalsshould
beforSusceptiblepopulationsbetween10and160
minutesandforResistantpopulationsbetween20and
320minutesIn1973thesestandardconcentrationandex
posuretimeintervalswereusedtoinvestigatethepossibility
ofseparatingmedianlethaltimesLT50betweensuscep
tibleandoperationallyresistantadultAnigromaculis

MATERIALSANDMETHODSLarvaewerecollected
fromthefieldandrearedtoadultsinthelaboratoryas
describedbyZborayandWhite1973Thesamestrainsof
Anigromaculiswereutilizedfortheseexperimentsasfor
the1972experimentsestablishingthemortalityrangeThe
susceptiblestraincamefromapastureinTehamaCounty
outsidetheTehamaCountyMosquitoAbatementDistrict
jurisdictionTheresistantstrainfromapastureintheTur
lockMosquitoAbatementDistricthasrepeatedlysurvived
aerialapplicationof05lbacreofpropoxur

Alltestswereaimedatestablishinglethaltimeregression
linesbyutilizingthreeormoreequallogtimeexposures
pertesttothechemicalpropoxurAlltestswererunin
duplicateThetestingprocedurewasessentiallyasdescribed
byGeorghiouandMetcalf1961withthemodificationof
Darwazeh1972Fifteentotwentyadultmosquitoeswere
aspiratedfromtherearingcageintothevialThesexeswere
notseparatedandthefemalesnotbloodfedInsecticide
treatedfilterpaperWhatmanNo2 wasthenplacedinto
thetestvialwhichwasthencoveredwithanylonscreen
Aftertheappropriatetimeexposureperiodsthemosqui
1VectorControlSection
2ProgramAnalysisandStatisticsSection
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1972 Strain

621 s

913 s

92o s

1972

9 R 282 534 414 648 1512 1176 2292

toesweretransferredintoaneightouncepapercupand
heldfor24hoursMortalitywasdeterminedthereafter
Theholdingcagecontainedacottonwicksaturatedwith
5sugarwaterprovidingfoodandmoisture

Probitregressionlineswerefittedtothedatausingthe
computerprogramoftheDataProcessingCenterofthe
CaliforniaDepartmentofHealthTheprogramincludesa
statisticaltestofthehomogeneityorregularityofeachset
ofdataintermsofhowwellitfitsaprobitlineOnlytests
forwhichanacceptablefitwasobtainedwereincludedin
theanalysis

RESULTSANDDISCUSSIONThefollowingobserva
tionswerebaseduponthe95confidencelimitsofthe
LT50valuesoftheprobitlinesTable1

1The1973Smosquitoestestedexceptforonecollection
showedsignificantlyhighertolerancethanthe1972 mos

quitoes

2Allthe1973Rtestsexceptoneshowedatolerance
levelcomparabletothatoftheonevalidtestobtained
in1972

Table1Probitlinevaluesofbioassaysofpropoxur
againstadultAedesnigromaculiswithconcentrationof42
microgramscmandvariableexposuretimeinminutes
California1972and1973

S OPsusceptibleR OPresistant

Slope

702

302

381

957
Confidence

LT50 Limits

210 186 234

288 246 33o

24 174 318

LT

318

763

516

95
Confidence

Limits

282384

624 105

78 9780

64 s 8464o 36 43 56 41 66

101 S 9 39 33 46 53 45 82

101 S 462 35 27 46 67 51 120

727 S 571 16 11 2o 26 21 43

730 R 750 4o 35 47 600 51 86

53 R 278 71 50 95 2000 14o 410

612 R 308 81 61110 230 150 380

91 R 441 loo 84 130 200 160 32o
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3TheconfidencelimitsoftwoofthefiveRtestsover

lappedtheconfidencelimitsoftwoofthesevenStests
CONCLUSIONSFromtheinformationitwasobvious

thatthetestsdidnotclearlyseparatetheRandSstrains
OnepossibilityisthattheresistanceoftheRstraintopro
poxurwasnothighenoughtobedifferentiatedorconverse
lythattheSstrainwasnotsusceptibleenoughHowever
actualcontrolfailuresoccurredseveraltimesatthepasture
wheretheRstrainwascollectedandtheSstrainwasnever

knowlinglytreatedsoforallpracticalpurposesitmustbe
assumedthatthestrainswereactuallyresistantandsuscep
tiblerespectivelytopropoxur

Theconclusionthereforemustbethatthesensitivityof
themethodwasnotsuitabletodefinepropoxurresistance
orsusceptibilityin4nigromaculisItisspeculatedthat
twomajorfactorsmayberesponsiblefortheinconsistent
resultsvariableavailabilityofthepropoxurandvapor
pressure

TheLTmethodcouldyieldconsistentresultsifthein
sectswereforcedtopickupthepoisonandthesame
amountofthepoisonwasalwaysavailabletotheinsects
ineverytestHoweverinourtestsfilterpaperwastreated
withapropoxuracetonesolutionwhichwasevenlydistri
butedonthefilterpaperandtheacetoneallowedtoevap
oratebeforethemosquitoeswereexposedtoitThereisa
distinctpossibilitythatsomeofthepropoxurcrystalswere
hiddenintheporesofthefilterpaperandunattainableto
themosquitoTheavailabilityofthepoisonthereforemay
havegreatlyvariedfromtesttotest

Mitchelletal1972workingwithCulexpipiensfati
transnotedinconsistenciesinpropoxurtestsandconcluded
thatairbornepropoxurmayhavecontributedtothisIn
ourtestsitisalsospeculatedthatmortalitymayhavebeen
partlyduetovaporThetoleranceofAnigromaculisto
propoxurvaporisnotknown

Thetimeexposuretechniqueshouldnotberuledoutas
ameansofdifferentiatingpropoxurresistantandsuscep
tibleAnigromaculisItdoesnothoweverappearthat
furtherworkwiththemethodasemployedherewouldbe
productiveRatherareassessmentofthetechniqueswould
beinorderwithaneyetowardmodifyingthemtoover
cometheproblemsweencountered

SUMMARYThemeasurementoftheresistanceofA

nigromaculistopropoxurwiththetimeexposuremethod
didnotrenderthedesiredseparationofthesusceptible
andresistantstrainsItissuspectedthattheairborneeffect
ofpropoxurandthevariableavailabilityofthepropoxur
onthefilterpaperduetoentrapmentofpropoxurcrystals
intheporesmayhavedistortedtheresultsThetechniques
shouldbemodifiedtoavoidthesedifficulties

ACKNOWLEDGMENTTheassistancecooperationand
encouragementofMelvinLOldhamTehamaCountyMos
quitoAbatementDistrictStephenMSilveiraandMarcR
PittmanTurlockMosquitoAbatementDistrictandDonJ
WomeldorfVectorControlSectionCaliforniaDepartment
ofHealtharegratefullyacknowledged
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SUSCEPTIBILITYLEVELSINLARVALANDADULTAEDESNIGROMACULIS

LUDLOWOFTHECENTRALVALLEY

MichaelCGutierrez ErnstPZborayandKEWhite

CaliforniaDepartmentofHealth BureauofVectorControl

INTRODUCTIONInthepastmosquitocontrolin
Californiahasdealtprimarilywithcontrollinglarvalpop
ulationsHoweverduetotheeverincreasingproblemwith
larvalresistanceandcrosstoleranceof4edesnigromaeulis
Ludlowtotheorganophosphoruscompoundscontrolof
adultmosquitoeshasbecomenecessarywithinmanymos
quitocontrolagenciesparticularlythosewithintheCentral
ValleyMosquitoresistanceintheseagencieshasbeenwell
documentedBrownetal1963Womeldorfetal1968
19711972Howeverlittlelaboratoryworkhasbeendone
todeterminethesusceptibilitylevelsoftheadultpopula
tions

Georghiouetal1966selectedlarvaeofCulexpipiens
fatigansWiedemannwithpropoxurandothercloselyrelated
carbamateinsecticidesFollowing35generationsofselec
tionlarvaltoleranceincreased25foldwhileadulttolerance
increased3foldSelectionoftheadultstagefor25genera
tionsresultedina5foldincreaseintoleranceandonlya
21foldincreasefortherespectivelarvaeTheauthorscon
sideredtheseresultstobeanencouragingindicationasto
theusefulnessofthisclassofcompoundsformosquitocon
trol

WilderandSchaefer1966determinedsusceptibility
levelsofparathionfenthionandchlorpyrifostobothlarval
andadult4nigromaeulisThemagnitudeofadultresis
tancewasfoundtobeconsiderableandwasconsistentwith
fieldcontrolproblemswiththesameinsecticides

Womeldorfetal1971discussedtherelationshipbe
tweenlarvalresistanceandadultfieldfailuresandconcluded
thatwhenfenthionwasappliedbyaircraftat01lbacre
adulticidalfailurescouldbeanticipatedwhentherewas
appreciable24hourlarvalsurvivalatalaboratoryconcen
trationof001ppm

Thispaperdealswithsusceptibilitylevelsoflarvaland
adultAnigromaeulistofenthionnaledandpropoxur
Mosquitoestestedrepresentativeofacrosssectionofpop
ulationsfromtheCentralValleyofCaliforniarangedfrom
susceptibletohighlyresistanttotheorganophosphorus
chemicals

METHODSANDMATERIALSAllmosquitoeswere
fieldcollectedinthelarvalstageandtransportedtothe
laboratoryfortreatmentLarvaeweretestedasdescribed
byGilliesandWomeldorf1968

Additionallarvaefromthesamecollectionswerereared

toadultsandweretestedagainstpropoxurandnaledthree
daysfollowingemergenceTheadultsweretestedasde

1VectorControlSection5545EastShieldsAvenueFresno
California93727

2VectorControlSeAion714PStreetSacramentoCalifornia
95814

3ProgramAnalysisandStatisticsSection714PStreetSacra
mentoCalifornia95814
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scribedbyGeorghiouandMetcalf1961withthemodifi
cationofDarwazeh1972

Alltestdatawereprocessedthroughacomputerizedpro
bitanalysisprogramThelarvalresponsetofenthionwas
selectedforcomparisonasrepresentativeofresponsetothe
organophosphoruscompounds

RESULTSANDDISCUSSIONLarvaltestresultsare
shownasLC50andLC90foreachpopulationtestedand
areorderedbylarvalLC50tofenthionThemostsuscep
tiblepopulationsthosefromuncontrolledareasareshown
atthetopofthegraphFigure1Thedistancebetween
theLC50andLC90indicatetheslopeofthelogconcen
trationprobitline

LarvalLC50srangedfrom00007to0034ppmanin
creaseof49foldLimitedtestingofadultsresultsnot
shownindicatedcomparableresistancetofenthional
thoughresultswerequitevariable

NaledwastestedagainstadultsonlyFigure2anddem
onstratedconsiderablecrosstolerancetotheorganophos
phoruscompoundsasrepresentedbylarvaltestsagainst
fenthionAgainthereissojnevariabilitybutthepopula
tionsmosthighlyresistanttofenthionarethosemosttoler
anttonaledThisissubstantiatedbythefailureofnaledin
thefieldwhenappliedat01lbacrebyaircraftagainst
highlyorganophosphorusresistant4nigrornaculisadults
intheTulareMosquitoAbatementDistrictRamkeetal
1969andbythelackofmortalityofcagedadultsofthis
specieswhencomparedagainstCulexpipiensfollowingap
plicationofnaledfromanonthermalaerosolgenerator
Gilliesetal1972Thismaterialhasnotbeenwidelyused
inthefield

Bothlarvaeandadultsweretestedagainstpropoxur
Figures3and4Althoughthereissomevariationthere
isnoapparenttrendtowardincreasedtolerancewhentested
againsthighlyfenthionresistantpopulationsFieldfailures
havebeenreportedfromareaswithhighlyresistant1ni
gromarulisWomeldorfetal1971Propoxurhasbeenused
operatioriallyforseveralseasonsforadultcontrolinareas
withhighlevelsoforganophosphorusresistanceHowever
laboratoryresultsdonotdemonstrateanymarkedchange
inthesusceptibilityofthepopulationstested

SUMMARYtothedatacompiledthere
appearstobeadefinitecrosstolerancetonaledinadult

AnigromaeulisPropoxuracarbamatecompoundappears
littleaffectedbycrosstoleranceasevidencedbylaboratory
testsagainstbothadultsandlarvaebythiscompound
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niqueforinsecticidebioassayofadultmosquitoesCalifVector
Views1996566
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resultsoflaboratoryevaluationofinsecticidesagainstadultmos
quitoesMosqNews214329337
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resistanceinmosquitoesSelectionofCulexpipiensfatigans
WiedemannCquinquefasciatusSayforresistancetoBaygon
BullWHO35691708

GilliesPAandDJWomeldorf1968Methodologyemployedin
theCaliforniamosquitolarvicideresistancesurveillanceprogram
CalifVectorViews1554550

GilliesPAEMFussellandDJWomeldorf1972Mortality
ofcagedorganophosphorusresistantCulextarsalisCoquillett
usingvariousadulticidesappliedasnonthermalaerosolsProc
CalifMosqContrAssoc402225

RamkeDJPAGilliesandCHSchaefer1969Aedesnigro
maculiscontrolcrisisinthesouthernSanJoaquinValleyCalif
VectorViews161920

WilderWHandCHSchaefer1969Organophosphorusresis

ASSESSMENTOFPOTENTIALITYOFCULEXTARSALISFORDEVELOPMENTOF

RESISTANCETOCARBAMATEINSECTICIDESANDINSECTGROWTHREGULATORS

Theresultsreportedbrieflyherearepartofacontinuing
projectonthepotentialityfordevelopmentandcharacteris
ticsofresistancetonewcontrolchemicalsbymosquitoes
ThisisareportontheselectionofCulextarsalisbythecar
bamatepropoxurandtheinsectgrowthregulatorjuvenile
hormonemimicAltosidZR515

Selectionbypropoxurwasundertakeninviewofthe
demonstratedeffectivenessofthiscarbamateagainstorgan
ophosphorusresistantfieldpopulationsofthespecies
Altosidwasusedasarepresentativeofthenovelgroupof
syntheticcompoundswhichmimictheactionofthenatural
insectjuvenilehormone

Thepopulationemployedinbothstudieswasderived
fromlarvaeobtainedfromtheCoachellaValleyinlate1971
andearly1972Thepopulationwasrearedunderstandard
conditionsandbioassayedbymethodspreviouslydescribed
Georghiouetal1966AppersonandGeorghiou1974

SELECTIONBYPROPDXURSelectionbypropoxur
consistedofexposinggroupsof504thinstarlarvaein100
mlofwateringlassbeakerscontainingtherequiredconcen
trationofthechemicalAdultselectionwasbyexposureof
newlyemergedmosquitoestotreatedglassfiberfilterpaper
inshellvialsGeorghiouandGidden1965Twoseriesof
selectionswereperformedSeries1involvedlarvalpressure
on9generationsFiveofthesewereselectedintheadult
stageaswellTheaveragepressureinseries1wasatthe75
levelofmortalitySeriesIIwasinitiatedbyoutcrossing
partoftheF4generationofseries1toanewcollectionob
tainedfromthesamelocalityintheCoachellaValleyasthe
originalSevengenerationsofthisserieswereselectedin
thelarvalstageTwoofthesewerealsoselectedinthe
adultstageTheaverageselectionpressureinseriesII
wasatthe48levelofmortalityTheapplicationofhigher
pressurewasconsideredinadvisablesincepreviousexperi
encehadindicatedthatcoloniesseverelystressedbycarba
matessufferasubstantialdeclineinfecundityandfertility
Georghiou1965

GPGeorghiouChiSLinandMEPasternak

UniversityofCalifornia
DivisionofToxicologyandPhysiology

DepartmentofEntomologyRiversideCalifornia92502
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tancelevelsinadultsandlarvaeofthepasturemosquitoAedes
nigromaculisLudlowintheSanJoaquinValleyofCalifornia
ProcCalifMosqContrAssoc376467

WomeldorfDJPAGilliesandKEWhite1968Presentstatus
ofinsecticideresistanceinCaliforniamosquitolarvaeProc
CalifMosqContrAssoc368184

WomeldorfDJPAGilliesandKEWhite1971Insecticide
susceptibilityofmosquitoesinCaliforniaStatusofresistance
andinterpretationthrough1970ProcCalifMosqContr
Assoc395662

WomeldorfDJPAGilliesandKEWhite1972Insecticide

susceptibilityofmosquitoesinCaliforniaIllustrateddistribution
oforganophosphorusresistanceinlarvalAedesnigromaculisand
CulextarsalisProcCalifMosqContrAssoc401721

Dosemortalitydataobtainedonlarvaeandadultsof
eachgenerationindicatenosignificantchangeinsuscepti
bilitytopropoxurThelarvalLC50levelwas014ppmin
theparentalgeneration019ppmintheF9ofseriesIand
021ppmintheF10ofseriesII

Itisnotpossibletoofferapositiveexplanationforthe
recalcitranceofCtarsalistodevelopresistancetopropoxur
ortopostulatethatthespecieslacksentirelythepotential
ityfordevelopmentofsuchresistanceItisofinterest
howevertonotethattestswithpiperonylbutoxideanin
hibitorofmultifunctionoxidaseMFOenzymeshavepro
ducednegligiblesynergisminCtarsalisApperson1974
andthusthatmetabolismofcarbamatesbyMFOaction
maynotbeapotentialsourceforresistanceinthisspecies
incontrasttothesituationinCulexfatigansShrivastavaet
al1970

ThefailureofthetwicecolonizedpopulationofCtar
salisfromtheCoachellaValleytomanifestapotentiality
fordevelopmentofresistancetopropoxurmustbeconsid
eredasencouragingfromthestandpointofpracticaluseful
nessofcarbamatesagainstthisspeciesintheimmediate
future

SELECTIONBYALTOSIDSelectionbythiscom
poundrequiredtheformulationofanewmethodoftreat
mentandbioassaywhichwillbedescribedinaseparate
paperTheselectionmethodemployedinvolveddailyappli
cationofAltosidtowatercontaining4thinstarlarvae
therebyobviatingtheproblemofchemicalinstabilityofthe
compoundItwasthusensuredthateveryindividualcontri
butingtothenewgenerationhadindeedbeenexposedto
therequireddoseduringthecriticalperiodofsensitivity
Uptothepresenttimeselectionhasinvolved14generations
atanaveragepressureof708

Figure1indicatesthegradualincreaseintheselective
concentrationofAltosidemployedfromaninitial01ppb
to5ppbieanincreaseof50foldCompletedosemortal
ityregressionlinesfortheF12selectedgenerationthepa
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Figure1ThegradualincreaseinconcentrationofAlto
sidappliedinthecourseofselectionofCulextarsalis

rentalCoachellaandasusceptiblelaboratorystrain
BakersfieldwerealsodeterminedTheserevealedthat
attheLC50leveltheselectedstrainwas89foldlesssus
ceptibletoAltosidthantheparentalstrainand859fold
lesssusceptiblethantheBakersfieldstrain

Wearecurrentlycontinuingtheselectionofthisstrain
byAltosidandalsoinvestigatingthespecificmechanisms
responsibleforthetolerancewhichwasdevelopedSpecial
emphasisisplacedontwolikelymechanismsofresistance

namelyincreasedabilitytometabolizethehormonemimic
ortocopewithhigherconcentrationsofitandstillcom
pleteanormaldevelopment

ThedevelopmentofincreasedtolerancetoAltosidinC
tarsalisasreportedherecorroboratesthefindingofcross
resistancetothiscompoundandtootherjuvenilehormone
mimicsincertaininsecticideresistantstrainsofthehouse
flyreportedearlierbyCerfandGeorghiou19721974
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EXTENSIVEAPPLICATIONOFALTOSID MIASAMOSQUITOLARVICIDE
LawrenceLLewallenandDennisARamke

During1973AltosidTMacompoundthatactsasan
insectgrowthregulatorwasregisteredforexperimental
controlofmosquitolarvaeinCaliforniaThisproductisof
interestforusewhereextremelevelsofinsecticideresist

anceinmosquitoeshavedevelopedtootheravailableinsect
icidesThemosteffectiveformulationforlarvicidingincor

poratesthemicroencapsulationprocessandisknownas
SR10Itcontains08579lbsgalofactiveingredientIthas
beenregisteredforuseonfloodwatertypemosquitoesonly

ExtensivetestingofSR10wascarriedoutonledes
nirrnmwulislarvaeintheAlpaughareafromJuly30to
October311973Azonetwomilesindepthwasestablish
edaroundthecenteroftownSourcestreatedwereirrigated
pasturesandalfalfafields

Pretreatmentadultmosquitocountsweremadeusing
thepantslegcounttechniqueDespiteroutineapplications
ofconventionalmosquitolarvicidestosourcesinthisarea
pantslegcountsaveragedaround8legpriortoAltosidTM
application

InthetwomilezonesurroundingthetownAltosidTM
wasappliedbyhandsprayerandbyaircraftat4flozof
concentrateperacreThefinishedspraywasformedby
addingwatertothemicroencapulatedconcentrateThe

ITheresultsreportedheredonotnecessarilyconstituteendorse
mentofthisproductbytheCaliforniaDepartmentofHealthorthe
TulareMosquitoAbatementDistrict

2CaliforniaDepartmentofHealthVectorControlSection
5545Ias1ShieldsAvenueFresnoCalifornia93727

3TularcMosquitoAbatementDistrictPostOfficeBox1476
TulareCalifornia93274

SYNTHETICMOSQUITOREPELLENTSVIII
2THIO4THIAZOLIDINEONESAND24THIAZOLIDINEDIONES

HomerHCTongDSkidmoreHIMaibachandWASkinner
StanfordResearchInstitute

LifeSciencesDivisionDepartmentofPharmaceuticalChemistryMenloParkCalifornia94025
ABSTRACT

2Thio4thiazolidineoneand24thiazolidinedionederiv
ativeswithsubstituentsinthe3and5positionsweresyn
thesizedandevaluatedonhumanskinforrepellency
againstfemale4edesaegyptimosquitoesInthe2thio
4thiazolidineoneseriescompoundswithboilingpoints
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thirdinstartoearlyfourthinstarlarvaeweretreatedOper
ationswerecarriedoutinthesamemanneraswithconven
tionalinsecticides

Withintwoweeksafterinitiatingthespraytestpantsleg
countsdroppedto0andremainedthatwayforthedura
tionofthetestBycontrastanuntreatedirrigatedpasture
10milesdistanthadcountsof50legonseveraloccasions
duringthetestperiod

Posttreatmentobservationsonlarvaeweremadebytak
ingsamplesintothelaboratoryandalsobyverificationin
thefieldthatabnormalpupaehaddevelopedwhichresult
edinnoadultemergence

DuringthetestperiodnocomplaintsfromAlpaughwere
receivedattheDistrictComplaintswereregisteredbefore
andafterthetestwasterminated

Thirtygallonsofconcentratewereappliedover368acres
ofirrigatedpastureand586acresofalfalfaamountingtoa
totalof954acres104acresweretreatedbyhandequip
mentand850acresbyaircraft

Thelackofadultmosquitoesinthetestsiteindicates
thatAltosidTMsuccessfullycontrolledtheirrigatedpasture
mosquitoatacostofapproximately200peracrefor
materialSincethetestwasmadeinanareaofextreme
insecticideresistanceitwouldappearlikelythatAltosidTM
couldbeusedsuccessfullytoreestablishchemicalcontrol
inthisarea

Theauthorswishtoacknowledgetheassistancerendered
byLarnCJamesJrOperatorZone9incarryingoutin
spectionsandtreatmentofthetestarea

approximately120C05mmHgandinthe24thiazol
idinedioneseriescompoundswithboilingpointrangesof
95115C05mmHgexhibitedthelongestdurationof
repellencyThebestcompoundapproachesNNdiethyl
mtoluamideDEETinthedurationoftopicalrepellency



IMPACTOFMALATHIONONASTEPHENSIMYSORENSISINSOUTHERNIRAN

AVManouchehriEJavadianandNEshghy

TehranUniversity

SchoolofPublicHealthandInstituteofPublicHealthResearchPostOfficeBox1310TeheranIran

ABSTRACT

Iranianmalariaeradicationhasreachedanadvanced

stageAbout23ofthecountrywithapopulationofabout
195millionisinthepremaintenanceearlyorlateconsol
idationphaseThedevelopmentofresistancebyAsteph
ensimysorensisthemainrralariavectorinsouthernIran
firsttoDDTin1957andthentoDieldrinin1959practi
callystoppedtheeradicationofmalariainsubsequentyears

Inordertosolvethisproblemin1958thefieldresearch
unitsoftheInstituteofPublicHealthResearchUniversity
ofTeheranstartedtrialswithnewinsecticidesIn1959
MalathionsprayingwasperformedinJiroftandinShaban
karehKazerunareasandrepeatedin1960and1963
VillagescaletrialswithMalathionshowedthattheresidual
effectofthisinsecticideis6weeksonnonorganicsurfaces
and12to16weeksonorganicsurfacesSubsequentlythe
MalariaEradicationOrganizationandInstituteofPublic
HealthResearchdecidedtocarryoutalargescaletrialin
theBandarAbbasregionwhichcovers435villageswitha
totalpopulationofabout138570

ThefirstroundofMalathionsprayingattherateof
2gmwasperformedinOctober1964whichcoincided
withtheendoftheseasonalactivityofAstephensiThe
effectofthissprayingwasremarkableanduntilthenext
roundofsprayingwhichwasaboutfivemonthslaterno
Astephensiwererecordedintheselectedvillagesalthough
theywerethemostfavorableonesintheareaFromOcto
ber1964toMarch1966theareawassprayedwithMala
thionTheresultsofaninvestigationofthefivetimesof
Malathionsprayingindoordensitylarvaldensitynightbite
collectionagegroupingdissectionandwindowtrapcollec
tionindicatethataMalathionsprayingprogramof3times
peryearinareaswhere4stephensiisactivethroughoutthe
yearisabletokeepdownthedensityof4stephensiBio

ORGANOPHOSPHATEPESTICIDESINAMBIENTAIRINANDAROUND

MOSQUITOCONTROLBUILDINGS

GeorgeWinnettMarieSiewierskiWilliamCallahanandDonaldJSutherland
CookCollegeRutgersUniversity

DepartmentofEntomologyandEconomicZoologyNewBrunswickNewJersey08903
ABSTRACT

Theairinandaroundapesticidestorageshedandmos
quitocontrolbuildingswassampledandrelativecotcentra
tionsoforganophosphatepesticidesingeneralandmala
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assaytestsonmudwallsshowedthatafter3weeksthe
mortalityratedecreasedtozeroThesametestsperformed
onwoodsurfacesshowedthatfor4monthsaftereach

sprayingatonehourexposurethemortalityratewas98
accordingtotheresultsobtainedfromthelargescaleMala
thiontrialintheBandarAbbasarea

InOctober1967thesouthernpartofthecountrywith
apopulationofabout4millionwassprayedwithMalathion
23timesperyearaccordingtotheseasonalactivityofA
stephensiandthevulnerabilityoftheareaAnentomolog
icalandepidemiologicalinvestigationshowedthatinareas
whereAstephensiisthesolevectorsuchastheplainof
KhuzestanthelittoralshoreofBandarAbbasandthe
coastalareasofFarsProvincetheinterruptionofmalaria
transmissionwaspossibleInhillyareaswhere4stephensi
ismixedwithothervectorssuchas4fluviatilis4dthali
and1superpictusinspiteofintensifiedantimalariameas
ures2timesMalathionspraying2roundsDDTtreatment
ofpositivecasesintroductionofGambusiafishinactive
andpotentialbreedingplacesetcduetotheexophagic
andexophilictendencyoflocalvectorsaswellasoutdoor
sleepinghabitsofthelocalpopulationduringthemalaria
transmissionseasonpopulationmovementandabundance
oftemporarydwellingstentshutsetcthetransmission
ofmalariahasnotbeensuccessfullyinterrupted

Susceptibilitytestscarriedoutduringthepast10years
inareasthathavebeentreated17timesshowedthat4

stephensiissusceptibletoMalathionItshouldbemention
edthatsince1967eachyearabout700tonsofMalathion
havebeenusedformalariacontrolinthesouthernpartof
IranTherehavebeennoreportsofharmfuleffectsofthe
insecticideeitheramongspraytnenorinhabitants

thioninparticularwerecorrelatedwiththeproximityto
storageareasandmixingareasAuniqueandinexpensive
samplingtechniquewasemployed



Table1AerialPhotographicSurveillance

Swimmingpoolsdetected
Totalnumber

Numberconcrete

Numberplastic

Appearingneglected
TotalNumber

Numberconcrete

Numberplastic

BreedingMosquitoes
TotalNumber

Numberconcrete

Numberplastic

CityofOrange
Number1

DateofFlight 2873

FlightTime 10hrs

Approximateareacovered
byphotograph 025sqmi

Nophotographstaken 3

30

25

5

9

4

5

7

3

4

LocationandNumberofFlight

VillaPark Orange CentralGardenGrove

LosAlamitosNo2 Number3 1973TOTAL

41973 12373

20hrs

90sqmi 10sqmi
27 33

502

408

94

87

31

56

35

11

24

Experiencehasshownthat1500feetabovegroundlevel
isagoodaltitudeforthistypeofphotographyafterexper
imentingwithseveralotheraltitudesathigherandlower
levelsWealsofoundthatcrosslightismostsatisfactory
andmostphotographsaremadetowardtheeastandwest
Northmaybephotographedwithlesssatisfactoryresults
andtowardthesouthalmostalwaysyieldsunsatisfactoryre
sultsduetothepresenceofintensemiddaysunlightWe
scheduleaflightwhenthesunwillbeatitshighestpoint
overheadthuslesseningshadowdistortionOurexperience
hasshownthatvisabilityoflessthanfivemilesisunsatisfac
torytoachievethedesiredphotographicqualityforthis
typeofsurveillanceSincesomedegreeofhazeisgenerally
presentinSouthernCaliforniaweintendtoexperiment
withseveraltypesoflightfilterstoreducetheeffectsof
hazeandsmog

InDecemberui1973anoperationalflightwasmadeto
photographonesquaremileinthecentralGardenGrove
area33photographsweremadeshowing152swimming
poolsHoweverthenormalnumberofphotographsforsat
isfactoryresultsis16persquaremile

Afteranalysisitappearedthat39ofthepoolswereneg
lectedandpossiblemosquitobreedingsourcesInspection
showedthat11or72ofthetotalwerebreedingmos
quitoes

11hrs 41hrs

152

95

57

39

9

30

11

1

10

63

684

528

156

135

44

91

53

15

38

PublicationsRelatingtoAerialPhotographyinMosquitoControl

MulhernThomasD1972AerialphotographyinmosquitocontrolProcUtahMosqAbateAssoc251214
RoheDonaldL1970PotentialusesofcolorinfraredphotographyinmosquitocontrolCalifVectorViews172711

Anonymous1971PhotographyfromlightplanesandhelicoptersKodakPublicationNoM5EastmanKodakCoRochesterNY24pp
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Twootheroperationalflightsweremadein1973with
theresultssummarizedinTableIStatisticallyTableIin
dicatesthatof684swimmingpoolsdetectedinthephoto
graphs135or20gavetheappearanceofbeingneglected
whilegroundinspectionconfirmedthepresenceofmosqui
tobreedingin53or8ofthetotalFifteenofthepools
foundbreedingwereoftheconcretetypeand58wereof
plasticconstructionindicatingamuchhigherfrequencyof
neglectassociatedwithplasticpoolsthanwithconcrete
swimmingpools

Thistypeofsurveillanceprogramoffersseveraladvan
tagesthemostobviousbeingthepreventiveaspectWeare
abletofindandcontrolmoresourcesbeforetheybecomea
seriousproblemandatthesametimecarryoutourpro
gramofpubliceducationtothepropertyownersThenext
advantageisthetimeinvolvedinlocatingsourcesWecan
effectivelyphotographtwosquaremilesinonehourof
flighttimeAtwosquaremileareainatypicalurbanarea
willcontainanaverageof2000propertiesAtwoman
groundteamcaninspectonly10to12propertiesinone
hour

Werentairplanesat1200perhourforthetwoplace
modeland1500perhourforthefourplaceWepayan
additional22600annuallyforliabilityinsuranceandour
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WorkmansCompensationPolicyincreasedattherate332
per10000ofcoverageThisadditionalcoverageade
quatelyprotectstheDistrict

ApermanentpositionofStaffPilotisnotrequiredin
theDistrictbecauseControlOperatorBeamsisalicensed
CommercialPilot

USEOFPERMAFOAMFILLEDTIRESINCONCRETELINEDFLOODCONTROLCHANNELS

Thedesireofmosquitoabatementdistrictstoattainand
maintainlowcostsofoperationsandatthesametimeattain
ahighlevelofefficiencywarthecriterionusedindevelop
ingaprogramtoeffectivleycontrolmosquitoesandmidges
inthe430milesofconcretelinedfloodcontrolchannelsin

theSoutheastMosquitoAbatementDistrictTheDistrictat
onetimeattemptedtocontroltheproblembytheuseof
twoandthreemancrewsworkingfromtheroadsidealong
thechannelswithacrewinthebottomofthechannel

CostsofsuchaprogramwerehighforsalariesaloneWebe
gantolookforalternativesandfoundthatsomeofthe
channelswerebuiltwithrampstoallowequipmenttodrive
intothechannelformaintenanceandrepairAvehiclewas
equipedwitharearmountedsprayboomsothatoneman
couldoperatetheunitonthefloorofthechannelfor
sprayingoperations

Theequipmentworkedwellexceptthatthevehiclehad
twoorthreeflattiresdailyThepubliclikestousethese
channelsastrashdumpsbottlesnailsbrokenconcrete
andbitsandpiecesofscrapironetcarenumerousand
sharpitemssuchasthesepuncturetiresmuchmoreeasily
inanaqueousenvironmentWithallthedebriswehadto
driveoverasetoftireswouldonlylastfor2to3weeks
withconsequenthighcostforrepairandreplacementand
lossoftime

Varioustypesofsteelcordtiresandsealantsocalled
punctureprooftiresweretriedAllofwerefoundtobeun
satisfactoryundertheconditionsinthechannels

Industrialtypetireswerefoundtomeettherequire
mentsInherentdefectsofsuchatireareaninabilitytopro

ELGeveshausenandGardnerCMcFarland

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenueSouthGateCalifornia90280

WiththepossibilityoftheDistrictassumingotherVector
Controlresponsibilitiesweareexploringotherpossible
usesofaerialphotographicsurveillanceThedetectionof
largescaleratharboragesflylarvalsourcesandanimal
censusoperationsmightbeaccomplishedusingsimilartech
niquesWehavegainedaconsiderableamountofvaluable
informationfromjustafewflightsandbelievethatthepro
jecthasaddeddepthtoourmappinganddocumentation
projects

perlybalancethemreducedroadspeed25mphorless
andheavyweightofthetirewhichcauseswearandtearon
bearingsshocksandspringsEvenwiththesedefectsthe
savingincostandtimefortheoperationswassubstantial
Howeverthesearchforsomethingbetterwascontinued

Intheearlymonthsof1972wereadanarticledescribing
GoodyearsPermafoamfilledtireswithcushionedrideim
provedhandlingreduceddriverfatiguedecreasedvehicle
maintenanceandimprovedflotationonsoftgroundanda
sustainedhighwayspeedof35mphandupto50mphinter
mittentlyInaconferencewithacompanyrepresentative
itappearedthatthePermafoamfilledtiresweresuitable
RimsforGoodyeartiresinflatedwithPermafoamarestan
dardrimsfurnishedbythecustomerwhichmustbesentto
thefactoryforprocessingDropcenterrimsrestrictthe
amountofinflationneededandthespecificpressureneed
edmustbedeterminedinrelationtotheapplicationRim
andtireassembliesareshippedreadytomountCostofa
setof4tiresincludingshippingrimsandtaxesforsize
70015is70759asofSeptember1973

TheDistricthasusedonesetofPermafoamtiresinour

operationsfor112seasonsandhasfoundthemtomeetall
ofourrequirementsThesetiresareretreadableandshould
lastapproximately5to7yearsWehavereceivedasecond
setoftireswhichwillbeputintoserviceonasecondunit
usedinthechannelsprayprogram

ThecomparativelyhighfirstcostofthePermafoamtire
hasbeenmorethanoffsetinthesavingsrealizedforsalaries
repairandreplacementandmostimportantlythesavingsin
downtime



REPORTOFINVESTIGATIONOFPOTENTIALMOSQUITOBREEDING

INUNDERGROUNDUTILITYENCLOSURES

CharlesMMyersEdwardWColsonandJohnWBunne11

INTRODUCTIONIn1972concernwasexpressedby
severalmosquitoabatementdistrictsregardingpotential
mosquitoproductioninsubsurfacetransformerenclosures
InresponsetothisconcerntheCaliforniaDepartmentof
Healthcontactedthetwolargestutilitiesknowntobein
volvedPacificGas ElectricCoPGEandSouthern
CaliforniaEdisonCoSCETheremainingutilitiesinvolved
inundergroundelectricaldistributionsystemswerein
formedofthepotentialproblemthroughtheWestern
UndergroundCommitteeinlate1972PGEamdSCE
agreedin1972tostudytheproblemwiththeDepartment
ofHealthEarlyin1973interimrecommendationstohelp
thepotentialproblemintheincreasingnumbersofnewen
closuresbeinginstalledweremadetoalloftheutilitiesby
theDepartmentofHealthandaninitialstudyplanwas
formulated

METHODSThreeareaswerechosenforthestudyand
inspectiontimesweredesignatedtocorrespondtotheper
iodofanticipatedmosquitobreedingineachareaTheini
tialinspectionswerecarriedoutbyutilitycompanystaff
Informationontheexistenceconditionandsourcesof

waterthepresenceandamountofsiltandtherelationship
oftheenclosuretolevelgradewasgathered

Followingtheinitialinspectionsfurtherinformationon
thepresenceofmosquitoeswasacquired

RESULTSSouthernCaliforniaEdisonCompanycon
ductedasurveyof3789ofitsmorethan10000enclosures
inresponsetothecontactfromtheDepartmentofHealth
ThesurveywastakeninAprilthroughAugustOfthese
enclosures21958 containedstandingwaterTwenty
sevenoftheseenclosureswereinspectedformosquitoes
and1556 hadwaterand726 hadmosquitoesat
thattime

InthetwoPGEinspectionareasmoredetaileddata
weregatheredfor395enclosuresWaterwasfoundin114
19 ofallenclosuressampledThisvariedfromahighof
58intheVacavilleFairfieldareatoalowof62inthe
FresnoMaderaareaOf57randomlyselectedenclosures
withwatermosquitoeswerefoundin7123

Manyenclosuresmayreceivewaterfrommorethanone
sourceThefollowingdataindicatetheprobablesourcesand

1CaliforniaDepartmentofHealthVectorControlSection
5545EastShieldsAvnuFresnoCalifornia93727
2PacificGas ElectricCompany3400CrowCanyonRoad

SanRamonCalifornia94583

3SouthernCaliforniaEdisonCompany2244WalnutGrove
AvenueRosemeadeCalifornia 91770
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numbersofenclosuresaffected

Groundwater

Lawnsprinklers
Enclosurecoverbelowgrade
Raingutterdownspouts
Otheregirrigationsystems

335

303

151

39

9

Althoughthedataindicategroundwaterandlawnsprink
lerswerethemostprobablesourcesofwaterinformation
onrainfallandwatertableswillbeobtainedtoverifythe
data

Nosignificantcorrelationcouldbemadebetweenthe
waterdepthandmosquitopresenceduetothesmallsample
sizeofmosquitopositiveenclosuresTheaveragewater
depthintheVacavilleFairfieldareawas25inchescompared
to14inchesintheFresnoMaderastudyarea

Waterwasrecordedasbeingfreshorstagnantbyutility
crewsApproximately75oftheenclosurescontained
waterdesignatedasbeingstagnantInalloftheenclosures
withmosquitoesthewaterwasstagnantNocorrelation
couldbefoundbetweenageoftheenclosuresinstalledfrom
1969through1973andthosecontainingstagnantwater

Siltalikelycontributortostagnantwaterwasrecorded
in42ofalltheenclosuresAtthetimeoftheoriginalsur
veysiltlevelswerenotrecordedforenclosurescontaining
waterSubsequentlimitedobservationsindicatesiltisal
wayspresentinthoseenclosureswithwaterTheelimina
tionofsiltfromenclosuresshouldlessentheprobabilityof
waterretentionthusloweringthepotentialformosquito
breedingThispremisewillbeanalyzedthisyear

Althoughtheutilitiesattempttolocatetheenclosure
topcapsatorabovegradeduringconstructionfinalland
scapingoftencausesthetopcapstobebelowgradeThirty
eightpercentofthetopcapswerebelowgradeinthissur
veyOfthe100enclosuresintheVacavillestudywith
water66hadtopcapsbelowgrade

CONCLUSIONSMosquitoesoccurinsomesubsurface
transformerenclosuresInitialobservationsindicatethetop
capsbeingbelowgradeandsiltingarecontributingcauses
toenclosurefloodingandmosquitoproductionTheutilities
recognizethispotentialproblemandsincefutureenclosure
installationswillnumberinthethousandsremedialsteps
willbetakentominimizepresentandfuturemosquitopre
senceinsubsurfaceenclosures

Recommendationstoalleviatethispotentialproblem
willbesubmittedtotheDepartmentofHealthbytheutili
tiesStudiesbytheDepartmentofHealthandtheutilities
willcontinuetomonitortheimpactoftheimplementation
oftheserecommendations



ATECHNIQUEFORSEXINGPUPAEOFHIPPELATESPUSIODIPTERACHOROPIDAE

EdwardLSnoddy

UniversityofGeorgia

DepartmentofEntomologyandFisheriesCoastalPlainExperimentStationTiftonGeorgia31794

ABSTRACT

Approximately24hoursbeforeemergencethepupaeof
Hippelatespusiowereseparatedfromtheculturemediaby
winnowingThecleanedpupaewereplacedonalightback
groundandseparatedonthebasisofsexualdimorphism
Characteristicsbetweensexesrearedunderoptimumgrow
ingconditionsweredistinctsizedifferencesandaslight
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colordifferencejustpriortoemergenceThemalepupae
appearedslightlydeeperbrownishblackthanfemalesas
viewedinreflectedlight

Pupaemeasuring21through24mminlengthaveraged
ca88malesper1000whilethosemeasuringfrom245
through27mmwere82females



TRANSIENTMOSQUITOPROBLEMSOFIRRIGATEDPASTURES

RichardCHusbands

CaliforniaDepartmentofHealthVectorControlSection
5545EastShieldsAvenueFresnoCalifornia93727

OneoftheseriousproblemsinCaliforniaisthecontrol
ofmosquitoesinirrigatedpasturesInCaliforniathereare
approximately1000000acres404690hectaresofirri
gatedpasturesofwhich80arecapableofproducingmos
quitocontrolproblemsThesefieldsareirrigatedfrom15to
20timesayearandeachirrigationmayproducelargenum
bersofmosquitoesThreemosquitospeciesareassociated
withpasturesAedesnigromaculisLudlowAmelanimon
DyarandCulextarsalisCoquilletAhighdegreeofinsecti
cideresistancehasdevelopedinthesepopulationsInmany
mosquitoabatementagenciesirrigatedpasturesarethemain
targetoftheircontroleffort

AstudywasconductedincooperationwiththeDelta
VectorControlDistrictinTulareCountyCalifornia
ofpasturelandusepracticesastheyrelatetomosquito
controlproceduresTheprimaryobjectivewastodeter
minehowirrigatedpastureschangedfromyeartoyeartheir
durationandrotationwithothercropsandtoevaluatethis
managementoranyotherapplicableabatementprocedure

MATERIALSANDMETHODSTheDeltaDistrict

maintainsrecordsofmosquitosourcesandtheserecordsare
crossreferencedtolanduseMapsarepreparedfromverti
calaerialphotosusingascaleof17920Thesemapsdivide
theDistrictintounitsonemilesquareEachofthesesec
tionsshowsroadsfarmfieldsandvariousotherfeatures
Thelocationandacreageoffieldcropsisaccuratelydeter
minedoneachmapAnewsetofmapsispreparedeach
yearandallchangesincropsandacreagesarerecordedIn
CaliforniathisisreferredtoastheSectionSurveySystem
ofrecordinginspectionsandtreatments

AsingletownshipT17R23Sections136wasselected
forthisstudyTheperiodofstudywaslimitedtotenyears
ofdata1948through1957Sectionmapsshowingagricul
turallandusewereexaminedinsequenceandthehistoryof
eachpasturewasrecordedbysectionandyearSincesome
ofthefieldsdidnotretaintheiroriginalsizeandshape
duringtheentireperiodofstudyitwasnecessarytocom
pensateforthesechangesbyassigningunitsizenumbersto
eachportionoftheoriginalpasturethatwasretainedas
pastureforthestudyperiodInafewcasesthisdividedthe
landusedaspastureintotwoorthreeseparatefieldsHow
evermostfieldsdidnotfollowthisextremepatternof
changebutretainedmostoftheiroriginalsizeandshape
CropacreagewasdeterminedwithaplanimeterLanduse
precedingandfollowingeachpasturecropwasalsore
corded

Theareaselectedforthisstudywascomparablein
termsofthemosquitocontrolproblemsandpastureage
tootherareasintheDistrictwiththesametypesofsoil

RESULTSANDDISCUSSIONWithinthestudytown
ship36sectionsirrigatedpastureswereplantedin26
sectionsatleastsometimeduringthetenyearperiodThere
wasanaverageof2388acresofpastureinTownship17
duringthisperiodTable1showsthetotalacreagebyyear
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thenumberoffieldsandtheaverageacreageperfieldunit
Therewasasmalldeclineinthenumberoffieldsandanin

creaseinaveragefieldsizeandintotalacreage
Table2showsthenumberoffieldsforeachperiodof

longestexistenceNotethat84ofthefieldswereinexis
tenceforfiveyearsorlessOnly16fieldswerecontinuously
inpastureduringthetenyearperiod

Table1Irrigatedpasturesduringtenyearsofstudyin
a36squaremilearea

Year

1948

1949

1950

1951

1952

1953

1955

1956

1957

1

2

3

4

5

6

7

8

9

10

Total Number

Acreage ofPastures

1972

1990

2327

2087

2752

2642

2487

2664

2568

1Fifteenfewerfieldsinten years

122

129

144

105

126

124

112

117

107

Table2Numberofirrigatedpasturesbylongestperiod
ofexistence

Years Pastures

78

64

63

43

23

16

9

9

6

16

Total 324

184ofthefieldswereinexistencefiveyearsorLess

Average

Acreage
perPasture

16

15

16

20

22

21

22

23

24
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Table3Lifeofpasturesinyears

DurationinYears NumberofPastures

180ofthesepasturesexistedfiNe yearsorless

Table4Irrigatedpasturesandnumberoftimesrotated
from1948to1957

Rotation Pastures

0

1

2

3

1

2

3

4

5

6

7

8

9

10

243
70

11

0

Total 324

60

43

46

29

18

12

7

6

6

16

1Amajorityofthesefieldsexistedforfive yearsorless

Thepasturesthatwerenctrotatedduringthestudyper
iodtoothercropsandbacktopastureagainareshownin
Table3Ahighproportion196ofthepastures80
existedforfiveyearsorless

Table4illustratesthetotalnumberofirrigatedpastures
thatwereunderstudyduringthetenyearperiodOfthe
324fieldsstudied243wereneverrotatedandmostofthese
enduredforfiveyearsorless70wererotatedwithanother
croponce11twiceandnonethreetimesThisalsomeans
thatonly81pastureswererotatedoneormoretimesdur
ingtheperiodofstudy

Furtheranalysisofthesectionmapsrevealedthat122
fieldswereinpastureatthestartofthestudyperiod1948
andexceptforthe16fieldsthatwerecontinuouslyin
pasturefortenyearstheywereallcompletelyreplacedby
anothercropbeforetheendofthestudyperiod1957
Fiftyoneofthe122fieldsthatwereinitiallyinpasturein
1948wereonlyinpastureforasingleperiodoftime
Initially107fieldswereinanothercroporwereunculti
vatedbeforetheywereplantedtopasturesometimeafter
1948andthesecontinuedinpastureuntiltheendofthe
studyperiod1957Ofthe107fields54wereneverro
tatedwithanothercrop

CONCLUSIONMostirrigatedpasturesinthetownship
studiedweretemporaryTheywereusuallyplantedonland
thathadbeenpreviouslycultivatedforanothercropUn
tilledlandwasnotplacedinpasturewhenfirstcultivated
Ofthe324pasturesthatoccurredinthestudytownship
duringthetenyearperiod308wereassociatedwithalter
natecrops

Duringthetenyearperiodcoveredbythisstudythere
wereapproximately200opportunitiestoinfluencethe
owneroroperatorofafarmtopreparethelandforproper
irrigationanddrainagetoreduceoreliminatemosquitopro
ductionThisoccurredeachtimeafieldwasrotatedwith

anothercroporwhenitwasinitiallypreparedasapasture
Thefrequencyofrotationandtheshortdurationof

mostirrigatedpasturesshowsthatthiscropisgreatlyin
fluencedbyfarmingenterprisevaluesandthatinthetown
shipunderstudyaswellasincomparableareasirrigated
pasturesareofatransientnatureThisinformationshould
betakenintoconsiderationbothinplanningwaterand
landmanagementprogramstominimizemosquitoproduc
tionorwhenusingthelegalapproachtomosquitosource
abatement



CONTINUINGEFFECTIVENESSOFSHORELINEMODIFICATIONS

CONSTRUCTEDFORMOSQUITOABATEMENT

DonMReesGlenCCollettandRobertNWinget

In1966tensmallunitswereconstructedonthegrassy
shorelineofafreshwaterimpoundmentinamarshborder
ingtheGreatSaltLakeTheconstructionoftheseunitswas
financedbyaresearchgrantThepurposewastodeter
minetheeffectsofthiskindofshorelinemodificationon

theproductionofmosquitoesandotherbiota
Thedescriptionoftheunitsandtheinitialresultsobtain

edwerereportedinMosquitoNewsbyReesandWingetin
1968and1969Inspectionsoftheunitsformosquitolarvae
hascontinuedduringthemosquitoseasononaweeklybasis
Observationshavealsobeenmadeoftheeffectsonother
biotaTheseinspectionsweremadebythepersonnelofthe
SaltLakeCityMosquitoAbatementDistrictandtheresults
aresummarizedinthisreport

Thegrassyshorelinethatwasmodifiedis90100feet
fromtheopenwaterzonetotheuplandvegetationzone
SaltgrassDistichlisstrictaTorrRybdisthedominant
vegetationspeciesandisinterspersedwithothermoistsoil
andemergentmarshplantsAedesdorsalisMeigenisthe
mostabundantmosquitospeciesproducedandthelarvae
arelargelyconfinedtothegrassymarginsLargenumbers
ofAdorsalislarvaegenerallyappearaftereachsuccessive
floodingIfthewaterremainsforextendedperiodsafter
floodingconsiderablenumbersoflarvaeofCulextarsalis
CoqandCulisetainornataWillmayappear

Thetenmodifiedunitsareapproximately90feetwide
by90100feetlongAllthevegetationwasremovedandthe
soilexcavatedinaunittoadepthof34689or12
inchesbelowtheadjacentsoillevelsThetenmodifiedunits
wereinterspacedbyundisturbedshorelineunitsofapprox
imatelyequalsize

Inpreviouspublishedresultsitwasstatedthatnomos
quitolarvaewerefoundinanyofthemodifiedshoreline
unitsbutlarvaeofAdorsalisCulextarsalisandCuliseta

inornatacontinuedtoappearintheundisturbedcontrol
unitswhenconditionswerefavorableThevegetationinthe
controlunitsremainedaboutthesamewithaslightincrease
inalkalibulrushScirpuspaludosusANelsandCattails
TyphalatifoliaLInthemodifiedunitssubmergentplants
begantoappearin1967primarilysagopondweedPotamo
getonpectinatusLalgaeCladophorasppandfloating
duckweedLemnaminorLItwasalsoreportedthatsedi
mentwasbeingdepositedonthebottomofthemodified
unitsattherateof05to15inchesinafourmonthperiod
in1967and1968Boththemodifiedandunmodifiedunits

werereportedtobeusedextensivelybywaterfowland
othermarshbirds

1DepartmentofBiologyUniversityofUtahSaltLakeCity
Utah 84112

2SaltLakeCityMosquitoAbatementDistrictSaltLakeCity
Utah84116

3BrighamYoungUniversityBiologyDepartmentProvoUtah
84601

4ResearchGrantWP00027ResearchandTrainingGrants
BranchDivisionofWaterSupplyandPollutionControlHEW
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Theinspectionandobservationsmaneonthetenmodi
fiedandadjacentcontrolunitsduringthefiveyearperiod
196973haveproducedcontinuingresultssimilartothose
previouslyreportedThemodifiedandunmodifiedunitsin
generalshowverylittlechangesincemodificationItissig
nificantthatnomosquitolarvaehaveappearedinnineof
themodifiedunitssincetheirconstructionInthecontrol

unitsmosquitolarvaeofthethreespeciespresenthavecon
tinuedtoappearinabundancewhenconditionswerefavor
able

Inonemodifiedunitexcavatedthreeinchesorlessin

depthsomegrassandassociatedvegetationhaveappeared
Inthisunitmosquitolarvaehavebeenfoundattimein
thisvegetationwhenconditionswerefavorableIntheother
nineunitsthekindsofsubmergentvegetationpreviouslyre
portedandwidgeongrassRuppiamartimaLwhichlater
appearedwithafewotherspeciesfluctuateinamount
fromyeartoyearNoemergentplantsarepresentinthese
unitsTheratherrapiddepositionofsedimentreportedin
theexcavatedunitshasfilledtheunitswithsoiltoalevel

equaltothebottomoftheadjacentopenwaterintheim
poundmentTherateofdepositionintheunitsisnow
approximatelythesameasinothersimilaropenwaterinthe
impoundment

Intheunmodifiedunitsthevegetationhasremained
fairlystableinkindsandamountsexceptforanobviousin
creaseintheamountofalkalibulrushanddockRumex
crispusLinsomeoftheseunits

CONCLUSIONS

1Theremovalofsaltgrassandthesoilbeneathtoadepth
offourinchesormoreontheimpoundmentswithgrad
ualslopinggrassyshorelineshaseliminatedmosquito
larvaeinthismodifiedarea

2Thismosquitocontrolmethodhasmaintaineditseffec
tivenessforsevenyearsandlittlephysicalchangehasoc
curredontheunitstodate

3Thecostofmodifyingshorelinesbythismethodisex
pensivebutresultsanddurationofeffectivenessjustify
theexpenseincertainareaswhencomparedwiththe
expenseofapplyingotheracceptablecontrolmeasures
oversuchalongperiodoftime
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INSECTDEVELOPMENTINHIBITORS EFFECTSOFALTOSIDTH6040ANDH24108

AGAINSTMOSQUITOESDIPTERACULICIDAE

CharlesHSchaeferWilliamHWilderFredSMulliganIIIandEmilFDuprasJr
UniversityofCalifornia

MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

ABSTRACT

AircrafttrialswithAltosidisopropyl11mcthoxy3711
trimethyl24dodecadienoatedemonstratetheoperationalfeasi
bilityofcontrollingAedesnigromaculisLudlowandAedes
melanimonDyarlarvaeatratesof020and025lbAlacreResi

duesofAltosidonpasturegrassesdeclinedquicklyandsteadilyafter

treatmentatthelatterratesTH6040114chlorophenyl326

INTRODUCTIONInpreviousreportsSchaeferand
Wilder19721973thepracticalpotentialofZR515now
namedAltosidisopropyl11methoxy3711trimethyl
24dodecadienoateforcontrollingAedesnigromaculis
Ludlowand4edesmelanimonDyarwasshownInJune
of1973theEnvironmentalProtectionAgencyissuedan
ExperimentalSalesPermittoZoeconCorporationforthe
firstmarketingofAltosidthusthefirstofficialapprovalof
ajuvenilehormonetypecompoundasaninsecticidewas
madeFurtherresearchonAltosidwasconductedduring
1973todeterminethelowesteffectivedoserateunder
operationalconditionsandtodetermineresiduelevelson
pasturegrasseswhichresultfromsuchtreatmentsOther
compoundsrepresentingdifferenttypesofchemicalstruc
turesandwhichhavebiologicalactivitysimilartothatof
juvenilehormonetypecompoundswerestudiedduringthe
pastyearHercules241083butyn2ylNpchlorophenyl
carbamateisveryinterestingasitisacarbamateItdoes
notproducelarvalintoxicationexceptathighdosesbut
mosquitoestreatedaslarvaedieduringthepupalstage

ThompsonHayward6040 14chloropheny1326
difluorobenzoylureaWellinaetal1973doesnotcause
directlarvalintoxicationbutmortalityoccursduringa
moltinthepupalstageatlowerconcentrationsandinthe
partialemergenceofabnormaladultsatstilllowerconcen
trationsTH6040hasbeenshowntoinhibitchitinsynthesis
PostandVincent1973andthefirstreportofitseffects
onmosquitoeshasrecentlybeenpublishedJakob1973
LaboratoryandfieldevaluationsofH24108andTH6040
againstseveralspeciesofmosquitoeswereconductedduring
1973andarereportedbelowSimultaneousevaluations
weremadeinmanyfieldtestsontheeffectsoftreatment
ontargetandnontargetorganismsasinpreviousstudies
MiuraandTakahashi1973

EachfieldtesthasbeenassignedaFieldTestNumber
andthesearereferredtoasFTNosinthetextSinceitis

impracticaltoincludeallthedetailsrecordedforeachtest
egtemperaturewindskycoverwaterdepthetcthis
informationwillbekeptonfileandisavailabletointerested
persons

MATERIALSANDMETHODSThemethodsforlabor

atoryandfieldevaluationsofdevelopmentalinhibitorswere
thesameaspreviouslydescribedSchaeferandWilder1972
1973exceptwherenotedotherwise
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difluorobenzoylureainhibitsmoltingofmosquitolarvaecauses
mortalityinthepupalstageandinterfereswithadultemergence
TH6040offerspromisingactivityagainstAnigromaculisA
melanimonandCulextarsalisCoquillettinfieldtrialsH24108
13butyn2ylNpchlorophenylcarbamatelisanothertypeof
chemicalstructurethatcausespupalmortalityfollowingtreatment
ofmosquitolarvae

TheSR10formulationofAltosidwasusedinallofthe

fieldtestsitisaliquidsuspensionofpolymerAltosidparti
cleswithanaverageparticlediameterofonemicronThe
technicalAltosidisencapsulatedinanamidepolymericma
trixandtheformulationis10AIbyweightor8579lb
galECformulationwasusedbuta25WPformulationbe
cameavailableandwasusedforallsubsequenttestsFor
fieldtestingofH24108a50WPformulationwasused

Samplesofpasturegrasseswerecollectedatrandom
frompasturesthatweretreatedbyaircraftwithAltosidat
dosagesof020and025lbsAlacreGrasssampleswere
collectedimmediatelybeforeandaftertreatmentandat1
357and9daysfollowingtreatmentThesampleswere
heldat20CorbelowuntilanalysisDuplicate100gm
aliquotsfromeachsamplingtimewereextractedandana
lyzedbythemethodsofMilleretal1974

InonefieldtestwithAltosidFTNo7320600ml
watersampleswerecollectedimmediatelybeforeandafter
treatmentandat24hoursfollowingtreatmentthesewere
collectedprocessedandanalyzedasdescribedearlier
SchaeferandDupras1973

RESULTSANDDISCUSSIONAltosidAsummaryof
1973aircrafttrialswithAltosidSR10ispresentedinTable
1Thedatademonstrateoperationalfeasibilityatdosesof
025and020lbAIacreDosesof016and014weretoo
lowInonetestFTNo7320adoseof025lbAIacre
gaveverygoodresultseventhoughthevegetativecanopy
wasfairlyhighanddenseandthewindwashighduringap
plicationTheverylimitedresidualofAltosidinwaterisin
agreementwith1972studiesSchaeferandDupras1973

ResiduelevelsofAltosidonpasturegrassestreatedwith
operationallyfeasibledosesareshowninTable2Itis
apparentthatAltosidconcentrationdeclinesquicklyand
steadilyaftertreatmentItisalsolikelythatresidueswould
havebeenevenlessifthesampleshadbeencollectedearlier
intheseasonwhentemperatureswerehigher

TH6040Laboratorydataonthebiologicalactivityof
TH6040againstCulexspeciesareshowninTable3Pupae
areinsensitiveexceptatrelativelyhighconcentrations
Mediumtolate4thstagelarvaeofthesouthernhousemos
quitoareslightlylesssusceptiblethanyoungerlarvaeWith
CulextarsalisCoquillettearlytomediumaged4thstage
larvaeappeartobelesssusceptiblethanlate3rdtoearly



138

Table1Summaryof1973aircrafttrialswithAltosid
SR10formulationagainstfieldpopulationsofAedesnigro
maculisandAedesmelanimon

Fieldteat

110

7368c

7310

7312

7319

73208d

7325

7327

7343

Date

1973

531

615

620

713

718

814

816

919

Doselb
AIacre

025

025

020

020

025

016

014

020

Larval

No stages
acrestreated

10

40

26

40

30

40

20

30

234

234

1234

1234

1234

1234

234

34

Finalmortalityoffieldpopu
lationbystagetreated0

1 2 3 4

100100100

99100100

95 99 100100

95 98 100100

95 100 100100

90 95 95100

80 85 97

100100

aAedesnigromaculisonly

bAedesmelanimonwere20orlessofthetotalpopulation
c037ppminwaterimmediatelyaftertreatmentfour600ml

samples0005inwater24hoursaftertreatmentfour600ml
samples

dAdverseconditionshighdensevegetationand1012mph
wind

Table2ResiduesofAltosidonpasturegrassfollow
ingaerialapplicationsinFresnoCountyCalifornia

SamplecollectionMoisturecontent Aliquot61 Aliquot82Average
time Xwater ppm ppm ppm

1hourpre

1hourpoet

1day

3days

5days

7days

9days

1hourpre

2hourspost

1day

3days

5days

7days

9days

Ciliopasture021bAIacre91073

734 ND

726 49

753 031

751 022

747 027

662 00072

752 ND

Reynoldspasture025lbAIacre91273

759

613

670

724

688

731

740

ND ND

071

039

0062

0041

0056

ND

ND ND

16 33

082 057

027

016

00050

ND

10

022

0056

0082

0028

ND

024

022

00061

ND

ND

087

030

0059

0062

0042

ND

aND notdetectableminimumdetectionlimit0005ppm
recoveryfromgrasssamplesspikedwith01ppmwas974

4thstagelarvaeAspreviouslymentionedmortalityoccurs
duringamoltinthepupalstageatlowerconcentrations
andinthepartialemergenceofabnormaladultsatstill
lowerconcentrationsTheresultsagainstAedesspeciesare
showninTable4Larvaeoftheblacksaltmarshmosquito
AedestaeniorhynchusWeidareslightlylesssuscep
tiblethanAmelanimonorAnigromaculisbutadegree
ofactivityisapparentagainstallThusthelaboratorydata
showthatTH6040hasahighdegreeofbiologicalactivity

Table3BiologicalactivityofTH6040againstCulex
larvaeandpupaein inhibitionofadultemergence

Species

Stageso
Noteste

Concppm

0001

0004

001

004

01

04

1

4

10

Concppm

0001

0004

001

004

01

04

ML4EM4 3 2 1 PM14EM4L3E4

3 3 1 2

0 0

0 6

56 92

98 100

100 100

OPS

Cpquinquefasciatua

0

16

92

100

100

0

0

23

100

100

Species AmelanimonAnigromaculis

Strain

Stagee

0

0

92

100

100

100 100 10010010027

100 100 10010010080

81

OPR

L4 MLE4 L3

4 E4

Notests 1 1 1 2 2

08

4

2 1 3 2

0 0

10 3

4 55 33

4 100 93

8100 100

90

100 100 100

100 100

aLaboratorystrainOPsusceptible
bLaboratorystrainOPresistant
cE earlyM mediumL lateEM mixtureearlytolate

thenumberreferstolarvalinstarPpupae
dlneachtesteachconcentrationwasruninduplicate

Table4BiologicalactivityofTH6040againstAedes
larvaeandpupaein inhibitionofadultemergence

Ataeniorhynchus

E4L3 2 1 P

E4

1

Ctatsalisk

OPS

4

18

90

100

100

1 1 2

0 0 0 8 0 0 0 0

0 0 18 45 0 0 0 0 0

45 31 92 89 0 0 0 20 57 0

64 63100100 86 92 91 100100

100 100100100 96 100100 100100 0

100 100100 100 100100100 100100 5

1 100 100100 100 100 100 10010036

4 77

10 85

aE earlyM mediumL lateEMmixtureearlytomedi
umthenumberreferstothelarvalinstarPpupae

bineachtesteachconcentrationwasruninduplicate

againstthemosteconomicallyimportantspeciesofAedes
andCulexinCalifornia

FieldtestswithTH6040on059acrepastureplots
againstnaturalpopulationsofCtarsalisaresummarizedin
Table5ratesof025andbelowwereusedinthesehand
treatedplotsbuttheseweretoolowtogivesufficientresid
ualactivityBioassayofwaterfromthetreatedplotsshows
thatby24hoursposttreatmenttheTH6040contentofthe
fieldwaterhadgreatlydeclinedandnoactivitywaspre
sentat48hours

Table6summarizesaircrafttrialswithTH6040against
naturalpopulationsofAnigromaculisAmelanimonand



Table5Summaryof059acrepasturetestswithTH
6040againstnaturalpopulationsofCulextarsalisallstages
present

Fieldtestno

7315

FieldtestDateDose1b
no 1973AIacre

73PI

738

738

7316

7324

7326

Species

Stagesa

Notestsb

Concppm

427

613

613

76

810

815

Bioassayofwater
atcollectiontime

Date Dose1b Dayscontrol
1973 Alacre 98 0244872

73 025 3 100 0

7317 710 01 3 100 0 0

7322 725 005 2 100 31

7331 820 0025 0 10 0

Table6SummaryofaircrafttrialswithTH6040

Stages
treated

1 Ct1234

025 CC1234

025 Am234

025 Ct1234

03 An234

02 AD34

aCt CulextarsalisAm AedesmelanimonAnAedes

nigromaculisthenumbersrefertolarvalstagespresent
b04172lbAIgallonECwasusedinthistestinallothertests

a25WPwasused

Table7BiologicalactivityofH24108againstmosquito
larvaeinthelaboratoryin inhibitionofadultemergence

Cpquinquefasciatus

2

1 2

001 0

004 0 0

01 0 0 0

04 71 28 0

1 100 100 59

4 100 100 93

10 100 100 100

Days
control

Acres98

3 10

15 2

15

15

32

13

F4 L4

aEearlyLlatethenumberreferstothelarvalinstar

bineachtesteachconcentrationwasruninduplicate

Finalmortalityof
Aedesbystage
treated2

2 3 4

20 20 20

100100100

70100

Aniaromaculis

F4

e

0

13

100

100

100

CtarsalisThesedatafurthersubstantiatethat025lbAI
acreistoolowarateagainstfieldpopulationsofAedesor
CulexspeciesArateof01lbAIacregaveexcellentresults
butwasdevastatingtobeneficialnontargetorganisms
MiuraandTakahashi1974unpublisheddataItappears
thatarateof03to05lbAIacrewouldallowforopera
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tionallyfeasibleresultsfurthertestsforthelatterratesare
planned

H24108ThebiologicalactivityofH24108againstlarvae
ofAnigromaculisandthesouthernhousemosquitoCulex
pipiensquinquefasciatusSayisshowninTable7Incorn
parisontotheothercompoundsdiscussedH24108isless
activehoweverasitsstructuraltypeisdifferentanduntil
itscostperformanceratioisestablisheditdeservesfurther
attentionEarly4thstagelarvaearemoresusceptiblethan
late4thstagelarvaeincontrasttotheresultsoftestsusing
compoundshavingthejuvenilehormonetypestructureAs
mentionedpreviouslymortalityoccursinthepupalstage

A059acrepastureplotcontaininglargenumbersofC
tarsalislarvaewastreatedwith02lbAIacreH24108On
thesecondandthirddaysfollowingtreatmentadultemer
gencefromthetreatedpondwasabout50belowthe
controlafterthattimeemergencefromthetreatedpond
wasnormalItispossiblethathigherrateswouldprovide
feasibleresultsFurthertrialsareplanned

InsummaryonejuvenilehormonetypecompoundAl
tosidhasprogressedfromthesynthesisleveltocommercial
productionOthercompoundshavingsimilarbiological
effectsbutnostructuralsimilarityarealsoknownThe
modeofactionofjuvenilehormonetypecompoundsisnot
knownbuttheymayactthroughpreventingmetabolism
ofthenaturalhormoneratherthanproducingdirecteffects
themselvesSladeandWilderson1973Furtherevidence
tosupportthelatterpossibilitywasrecentlypresentedby
Brooks1973whoshowedthatjuvenilehormoneanalogs
inhibitinsectepoxidehydraseanenzymethatmaybe
responsibleforthemetabolismofnaturaljuvenilehormone
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INSECTDEVELOPMENTINHIBITORS FORMULATIONRESEARCHONALTOSID

CHSchaeferTMiuraFSMulliganIIIandEFDurpasJr
UniversityofCalifornia

MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727
ABSTRACT

A1mdisposablepondwasdevelopedfortestingchemicalcon
trolagentsandforresearchonformulationsWhenwateristreated
withAltosidisopropyl11methoxy3711trimethyl24dodeca
dienoateformulationstheactiveingredienttendstoplateout
ontothesidesandbottomsofpondsandisavailabletomosquito
specieswhichbrowsefeedbutappearstohelargelyunavailableto
filterfeedersByformulatingAltosidinlargediameter1001
microencapsulatedparticlestheplatingoutprocessoccursatan
increasedrateAformulationofAltosidoncharcoalbaseprotected

INTRODUCTIONTheimportanceofproperlyform
ulatinginsecticidesisexemplifiedbyAltosidisopropyl
11methoxy3711trimethy124dodecadienoateTech
icalAltosidhashighbiologicalactivityagainst4thstage

1odesnigromaculisLudlowlarvaeatconcentrations
aslowas000001ppminthelaboratoryhoweversincethe
late4thstagelarvaisthesensitivestagethetechnicalma
terialmustbepresentattheappropriatetimeSchaeferand
Wilder1972InfieldtestsECformulationswereeffective
atratesdownto00125lbAlacrewhen4thstagelarvae
weretreatedbutearlierstagelarvaewerenotaffectedThe
halflifeoftechnicalmaterialortheECformulationof
Altosidwasonlyabout2hrunderfieldconditionsSchaefer
andDupras1973Underfieldconditionsthereisverylim
itedresidualactivityofAltosidfollowingapplicationof
eithertechnicalmaterialorECthereforeoperationaluse
islimitedsincefieldpopulationsdevelopasynchronously
NumeroustestformulationsofAltosidwereevaluateddur

ing1972withthehopeofimprovingresidualbiological
activityOneformulationAltosidSR10wasfoundthat
offeredseveraldaysofresdualactivityagainst1nigro
tnaeulisunderfieldconditionsthisformulationhasallow
edthecommercialdeveloprnentofAltosidChemicalanal
ysisofwaterfromtreatedfieldshowevershowedarapid
declineinAltosidconcentrationandby24hronlytrace
amountscouldbefoundSchaeferandDupras1973In
additiontheSR10formulationwasnoteffectiveagainst
fieldpopulationsofCulextarsalisCoquillettatdosesup
to02lbAlacrebutdosesaslowas00201bAIacregave
goodresultsagainstmixedstagelarvaeof1nigromaculis
andWesmelanimonDyarSchaeferandWilder1973
Schaeferetal1974

Thisreportincludesresultsof1973studieson1the
distributionofAltosidSR10inwaterwithtime2an
evaluationofotherformulationsofAltosidthatmightbe
effectiveatstilllowerlevelsandalsoagainstCtarsalisand
3thedistributionofresiduesofpromisingformulations
andpossibleharmfuleffectsonnontargetaquaticorganisms

MATERIALSANDMETHODSAmongthoseformula
tionsofAltosidstudiedduring1973thefollowingareof
sufficientinteresttobediscussedhere1AltosidSR10
aliquidsuspensionofpoiymerAltosidparticleswithan
averagediameterofonemicronThetechnicalAltosidis
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particlesAltosid515225causesmoreoftheactiveingredientto
remainintheupperwaterlayersandgreatlyincreasesthebiological
activityagainstCulextarsalisCoquillettTheAltosid515225formu
lationdoesnotcausesignificantresidueproblemsinwateroronveg
etationfollowingfieldapplicationandnoundesirablesideeffecton
nontargetorganismswasobservedThisstudydemonstratesthat
furtherformulationresearchonAltosidmayallowthedevelopment
ofimprovedformulationswithoutsimultaneouslyproducingunde
sirableeffects

encapsulatedinanamidepolymericmatrixwiththefinal
productbeing10Albyweightor08579lbAIgal2
Altosid0127145BthesameformulationasAltosidSR10

butwithanaverageparticlediameterof100microns3
Altosid515225acharcoalbasematerialofwideparticle
sizerangeinpregnatedwith20AltosidcoatedwithaUV
screenandanantioxidantandthensuspendedinawater
systemcontainingapolymericmaterial

Testson1mPondsatFresnoAseriesofdisposable
pondswasconstructedtoallowevaluationofnewform
ulationsundercomparableoutdoorconditionsthatrarely
occuronlargerfieldplotsegduetodifferencesinthe
rateofwaterlossscumformationetcThesewerebuilt
accordingtothediagraminFig1Aexcavationswerelined
with2or3layersofclearpolyethylenesheetingandthe
bottomsandsideswerecoveredwithcommercialnursery
sodNoteCaremustbetakentodeterminepriorinsect
icidetreatmentsofthesodEachpondwasfilledwith
either60or70gallonsofwaterandacalibrateddepth
gaugewasmarkedThefollowingdaythepondlevelwas
raisedbacktothecalibratedlevelandtreatmentwasmade

Dosageswereappliedwhichbasedonlaboratorydatawere
projectedtoprovideadequateresultsunderfieldconditions
Usingthissystemwatersamplescanbecollectedbeforeand
atpredeterminedintervalsaftertreatmentforchemical
andorbioassayinthelaboratoryAlsolarvaefrom
laboratorycoloniescanbeaddedtothepondsdaily
andadultemergencecanbemonitoreddailybyplacing
ascreencagecoverovereachpondFig1BEven
inveryhotweatherthewaterineachpondremained
longenoughtocollectsamplesfor5or6daysAtthecon
clusionsofatestanyremainingwaterwaspumpedout
whenceasampleofthesodcouldberemovedforresidue
analysistheusedsodwasthenremovedanddiscarded
Theupperpolyethylenesheetwasreplacednewsodadded
andthepondrefilledinpreparationforanothertest

ChemicalAnalysisofAltosidDuplicatewatersamplesof
600mleachwerealwayscollectedAnalysesofwatersam
plesweredoneaspreviouslydescribedSchaeferand
Dupras1973Samplesfromthepondtopareaswerecol
lectedfromtheupper2inofthewatersurfacewithwhite
enameldippersandthenpouredintograduatecylinders
forchemicalanalysesandorintoPyrexstoragedishes
forbioassaySchaeferandWilder1972Samplesfromthe



B

Figure1ADiagramshowingdimensionsofa1mpondinmeters
BPhotographof1mpondsalsoshowingscreenedcagecovers
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pondbottomsandinonecasefromthesideswerecollect
edbyaspirationthroughtheequalizingarmofacylindrical
separatoryfunnelSGAScientificIncNoJF8234and
thendrainedintothesamecontainersasdescribedabove

AnalysesofsoilandvegetationwereasdescribedbyMiller
etal1974

DistributionofAltosidinWaterwithTimeA1mpond
treatedwith02ppmofAltosidSR10at2hr24hrand
24hrintervalsthereafterFor8daysWatersamplesfor
chemicalandbioassaywereollectedfromthetopbottom
andsidesofthetreatedpondandfromacontrolAtthe
endofthe8daytestperiodasampleofthesodwasex
tractedandanalyzedforAliosidresidue

EffectofParticleSizeontheDistributionofAltosid

SincetheSR10formulationiscomposedofquitesmall
particlesaveragediameterof1micronitwasofinterest
tostudythedistributionofaformulationthathadanaver
ageparticlesizeof100micronsAltosid0127145BOne
1mpondwastreatedwith02ppmofAltosid0127145B
andanotherwiththeSR10formulationDailywatersam
plesforchemicalandbioassaywerecollectedasdescribed
earlierfromthetopandbottomofeachpondSamples
fromthesideswerenottakenastheyprovedtobe
thesameasforthebottominthetestdescribedabove

TestswithAltosid515225DistributioninWaterwith

TimeThefirsttestwiththischarcoalbaseformulationwas

conductedinthe1mpondsOnepondwastreatedwith
01ppmAltosid515225andanotherwiththesame
amountoftheSR10formulationBothtopandbottom
watersampleswerecollecteddailyforbothchemical
andbioassayAttheendoftheexperimentsamplesofthe
sodfromeachpondwerecollectedandanalyzedforAlto
sid

OutdoorBioassayofAltosid515225Inordertoelimi
nateholdingsamplesofthetreatedwaterwithinthecon
finesofthelaboratoryduringthebioassayadifferenttype
oftestwasdevisedA1mpondwastreatedwith02ppm
Altosid515225on82973Onthisdateandeachday
thereafter4004thstagesouthernhousemosquitolarvae
CulexpipiensquinquefasciatusSaywereaddedtothetreat
edpondandtoacontrolpondThepondswerecovered
withscreencagesandeachdaythenumberofsuccessfully
emergingadultswasestimatedCountingwasratherdiffi
cultandwhenover30adultswerepresentthecountswere
approximationsAlsoonechday20pupaewerecollected
fromeachpondandthenheldinthelaboratorytodeter
minethepercentageofsuccessfuladultemergenceOn
91173theabovetestwasrepeatedbutdailyadditionsof
larvaetothepondsbecameunnecessaryafterafewdaysas
thepondsbecameinfestedbynaturalpopulationsofthe
samespeciesInthissecondtestnoscreencageswereplaced
overthepondsand20pupaefromeachpondwerecol
lecteddailyandheldinthelaboratorytodetermineadult
emergence

FieldTestswithAltosid515225on0059AcrePasture

PlotsEachoftheseplotsfs110longand23wideandis
located15milessouthofBakersfieldCaliforniaTreat
mentsweremadewithahandsprayerapplyingpreweighed
samplesofAltosid515225inatotalof15gallonsofwater
perplotRatesof0025to00071lbAIacrewere
evaluated
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AircraftTrialswithAltosid515225Twoaircrafttrials

wereconductedusingAltosid515225againstmixedpopu
lationofAnigromaculisandAmelanimonInthefirst
testadoseof0015lbAIacrewasappliedonapasturecon
taining2nd 3rdand4thstagelarvaeinthesecondtest
3rdand4thstagelarvaeweretreatedwith00101bAIacre
Inbothteststhespecifiedratewasappliedinatotalof1
galwateracreInordertodeterminetheresidualofAltosid
515225onvegetationsamplesofpasturegrassfromthe
secondtestabove001lbAIacrewerecollectedimmedi
atelybeforeandaftertreatmentandat1357and9
daysfollowingtreatmentThesampleswereheldat20C
orbelowuntilanalysisDuplicate100gmaliquotsfrom
eachsamplingtimewereextractedandanalyzedAlsofour
600mlwatersampleswerecollectedforchemicalanalysis
fromthesamefieldimmediatelybeforetreatmentandat1
24and48hrfollowingtreatment

EffectsofAltosid515225onNontargetAquaticOrgan
ismsAsthedistributionofAltosid515225inwaterwas

foundtodiffergreatlyfromthatoftheSR10formulation
andasitalsohasgreaterfieldactivityagainstCtarsalisit
wasconceivablethatitmightnothavethesamehighdegree
ofsafetytoaquaticnontargetorganismsaspreviouslyde
monstratedforAltosidSR10MiuraandTakahashi1973
ThereforeinfieldtestsconductedwithAltosid515225
aquaticnontargetorganismswereobservedforpossibleside
effectsAlso23by52pondscontaininglargenumbersof
aquaticnontargetorganismsweretreatedwithrelatively
highdoses01and02lbAIacreofAltosid515225
Methodsforsamplingnontargetorganismswereasprevious
lydescribedMiuraandTakahashi19731974

RESULTSANDDISCUSSIONDistributionofAltosid

inWaterwithTimeThedistributionofAltosidfollowing
treatmentofa1mpondisshowninTable1Itisapparent
fromboththebioassayandfromthechemicaldatathat
Altosidsettlesorplatesoutalongthesidesandbottom
egat168hrtherewastentimesasmuchinsamplesfrom
thesidesorbottomasfromthetopWebelievethatthis
explainsthedifferenceinbiologicalactivityofAltosid
againstdifferentspeciesofmosquitoesThemosquitolar
vaesuchas4nigromaculiswhichwereobservedto
browsefeedondebrisarehighlysensitivebutCtarsalis
whichhasbeenshowntobeafilterfeederPucat1965is
muchlessaffectedbyfieldapplicationsofAltosidSchaefer
andWilder1972Thusasearchwasbeguntofindaform
ulationthatwouldallowasuspensionofprotectedAlto
sidtobepickedupbyfilterfeedinglarvae

EffectofParticleSizeontheDistributionofAltosid
Table2showsthedistributionofAltosid0127145Band

SR10inwaterfollowingtreatmentwith02ppmItis
apparentthatthelargerparticleformulationplatesout
morequicklyasconfirmedbybothchemicalandbioassay
TheresidueofAltosidinthesodatthecompletionofthe
testwastwiceasgreatwiththe0127145Bformulationas
comparedtotheSR10Thusthelargerparticlesizeisin
feriortotheSR10formulationwithrespecttosuspensi
bilityandresidue

DistributionofAltosid515225inWaterwithTimeThe

amountsofAltosidremaininginthetopwaterweremuch
greaterwiththe515225thanfortheSR10formulationby



Table1AssayofAltosidfromwatercollectedfrom

thetopbottomandsidesatwaterlevelofa1mpond
treatedwith02ppmoftheSR10formulationonJuly3
1973

Sampling
place 2

Samplecolltinnrimehoursposttreatment

24 48 72 96 120 144 168 192 216

Chemicalassayppm
top 0135001060002500009000070000200002000020000300001

side 0860100030001600160010001000220012 0014

bottom 06900890024002000100011001100240009 0013

Bioassay inhibitionofadultemergence

top 100 96 82 88 78 56 36 14

side 100 100 100 100 98 84 91 82 82

bottom 100100 100 100 100 80 98 80 74 92

aAftertheponddriedupasampleofthehybridbermudasod
compositeofsoilplusvegetationwasanalyzedandcontained
00012ppmAltosid

bOnlyshallowwateronthebottomremained

Table2AssayofAltosidfromwatercollectedfrom
thetopsandbottomsof1mpondstreatedwithSR10
and0127145Bformulationseachtreatedwith02ppm
onJuly231973

Samplecollectiontimehoursposttreatment
Sampling
place 2 24 48 72 96 120 144 168 192 216

Altosid01271458

Chemicalassayppm

top 041000370000900003000040000200001000010000100001

bottom 16 0040000700100015000700050002 00030003

BioassayXinhibitionofadultemergence

top 100100 50 24 28 9 17 7

bottom 100 96 73 96 91 74 80 67 41 17

AltosidSR1012

Chemicalassayppm

top 1301100140008001000020002000100010001

bottom 068002500120011000400050006000400030005

top 100100 84

Bioassay2inhibitionofadultemergence

0 10

85 85 48 59 9 15 0

bottom 100100 86 98 93 80 68 71 48 13

aAftertheponddriedupasampleofthehybridbermudasod
compositeofsoilplusvegetationwasanalyzedandcontained
032ppmAltosid

bAftertheponddriedupasampleofthehybridbermudasod
compositeofsoilplusvegetationwasanalyzedandcontained
014ppmAltosid

chemicalanalysisTable3howeverduringthelastfive
daysoftheexperimenttherewaslittledifferenceinthe
bioassaydataoftopwaterfromeitherformulationThis
indicatesthatwhiletheamountofAltosidinthetoppond
waterwashigherwiththe515225formulationasshownby
chemicalanalysistheamountavailabletomosquitoesnot
tightlyadsorbedontothecharcoalparticlesmaynothave
beengreaterthenfortheSR10formulationThelattermay
notbeavalidconclusionhoweversincethereisanunlinear

b

b

Table3AssayofAltosidfromwatercollectedfrom
thetopsandbottomsof1mpondstreatedwithSR10
and515225formulationseachtreatedwith02ppmon
August201973

ealtm
plaee2 24 48 2 96 120 144 168 192 216 240 264

Altosll515225

Chemicalessayppm

tp 04800740017000320001400022000220004400031000390002600017

bottom160160027001100090007000600102009002200110028

Bioaseey2inhibitionofadultameraeace

tp 100100100 84 96 66 PO 54 40 36 48 32

bottom100100100 97 100 8 86 73

AltosidSR10

ChemicalassayPpm

Bop 230410026301000020003000500040006000500050005

Metes0600110029002700100016002400160018003300160019

6leme04y2inhibitionofadulterreste

top 100100 98 88 84 62 39 44

Mttse100100100 94 98 90 100 88

aAftertheponddriedupasampleofthehybridbermudasod
compositeofsoilplusvegetationwasanalyzedandcontained
020ppmAltosid

bAftertheponddriedupasampleofthehybridbermudasod
compositeofsoilplusvegetationwasanalyzedandcontained020
ppmAltosid

Table4DevelopmentofCulexpipiensquinquefasciatus
inanuntreated1mpondandonetreatedwith02ppmof
Altosid515225onAugust291973

Controlpond

Noadults 9final
Date emergingin mortalityofal1973 outsidecagepupalcollection

830

831

91

92

93

94

95

96

97

98

99

910

911

912

913

914

19

14

50

50

100

50

200

ti75

100

100

ti50

200

300

4

0

Sampletollemttontimehourspoettreatment

0

0

0

5

5

10

15

3

5 5

5

0

0

1

4

4

2

16

25

75

20

300

300

alncludesdeadpupaeandabnormaladults

73 65

52 71

143

74 88

32 48

99 89 86 88

Treatedpond02ppmAltosid515225

Nnadults 2final

mergingin mortalityof
outsidecagepupalcollection

98

100

100

100

100

100

100

100

100

78

76

70

40

45

35

responsebetweenconcentrationand finalmortalityin
thistypeofbioassaySchaeferandWilder1972Bythe
endoftheexperimenttheamountofAltosidinthesod
fromthetwotreatedpondswasthesame
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Table5Summaryof0059acrepasturetestswith
Altosid515225againstnaturalmixedpopulationsofAedes
nigromaculisandAedesmelanimon

Fieldteat
no

7333a

73336

7333c

7336a

73366

7336c

7336d

1hourpost

1day

3days

5days

7days

9days

Date Dose1b

1973 AIacre

830

830

830

96

96

96

96

0025

017

0125

0125

010

0083

0071

alntest7333thepopulationwas80Aedesmelanimonand
20Aedesnigromaculis

bPlotdriedupbeforelarvaethatwere2ndinstaratthetimeof
treatmenthadpupated

Table6SummaryofP73aircrafttrialswithAltosid
515225againstmixedpopulationsofAedesnigromaculis
and4edesmelanimon

Finalmortalityoffield

Field Larval populationbystagetreated1
test Date Doselb No stages

no 1973 Alacre acrestreated 2 3 4

7335 95 00125 50 234 96 96 99

7341 916 0100 50 34

aAedesmelanimonwere20orlessofthetotalpopulation

Table7ResiduesofAltosidonpasturegrassesfollow
ingaerialapplicationof001lbAIacreof515225onSep
tember161973inStanislausCountyCalifornia
Samplecollection Moisturecontent AliquotP1 Aliquot42 Average

time 1water PP PP Ppm

1hourpre 691 ND ND

627

516

586

513

580

527

Laval

stages

created

34

34

34

23

612

040

021

ND

ND

ND

Finalmortalityoffield
populationbystagetreatedZ

2

100

100

99

95 98

23 90 95

23 90 95

23
E

95

90 95

013

034

016

ND

ND

ND

3 4

100

100

100

ND

013

037

019

ND

ND

ND

aWaterresiduetakenpreacid124and48hrposttreatment
four600mlsampleseachshowed00035ppmat1hraftertreat
mentandnondetectableatothersamplingtimesdetectionlimit
00005ppm

bDetectionlimit0001ppmppm

OutdoorBioassayofAltosid515225Table4showsthe
numbersofadultsemergingdailyfromthetreatedandcon
trolpondsaswellasthefinalmortalitiesofpupalsamples
thatwerecollecteddailyandthenheldinthelaboratoryIt
isapparentthattheAltosid515225treatmentprovided
about10daysofsatisfactorycontrolHoweverthepossi
bilityexistedthatthescreencagecoversmayhavereduced
theintensityofnaturalUVlightandtherebyprotectedthe
Altosid515225formulationThereforeinthesecondtest

initiatedon91173noscreencoverswereusedCool
weatherprevailedduringthesecondtestperiodbutthere
wasafinalmortalityof100forallpupalsamplescollected
fromthetreatedpondfora20dayperiodEmergenceof
adultsfrompupaecollectedfromthecontrolpondwas
normal

FieldTestswithAltosid515225on0059AcrePasture
PlotsTheresultsagainstAedesspeciesareshowninTable
5Ratesof00125to0025lbAIacregavegoodcontrol
when3rdor4thstagelarvaeweretreatedAtlowerrates
00071to0010lbAIacretherewaslittleapparentdif
ferencebetweendoseswhichwassurprisingAdoseof
00125lbAIacregavegoodresultsfollowingtreatmentof
2nd 3rdstagelarvaeOneplotcontaininglargenumbers
ofallstagesofCtarsaliswastreatedwith01lbAIacre
Altosid515225andtherewasnosuccessfulemergenceof
adultsfor72hrafterwhichtimeinsufficientwaterremain
edtoallowevaluationsThelatterresultwasveryencourag

ingaspreviousworkwiththeSR10formulationwithrates
upto02lbAlacreprovedinadequateforcontrollingC
tarsalisSchaeferandWilder1973

AircraftTrialswithAltosid515225Inordertopremix
theAltosid515225formulationtoinsuregooddispersalin
theaircrafttankitwasnecessarytovigorouslyshake
batchesofabout225gramseachinagallonjarcontaining
06to075galwatereachThebatcheswerethenpoured
into50galofwaterthathadpreviouslybeenplacedinthe
tankandfinallywaterwasaddedtoachievethecorrect
finalconcentrationSuchaprocedurecannotbeconsidered
asoperationallyfeasiblebutdidallowforaircraftapplica
tionsofthisformulationResultsagainstthefieldpopula
tionsareshowninTable6the00125lbAIacretreatment
gaveexcellentresultsagainst2nd 3rd and4thstage
larvaeTheseresultsarebetterthanthoseobtainedwiththe
SR10formulationatthisdoserangeSchaeferetal1974
Adoseof001lbAIacreagainst3rdand4thstagelarvae
wasnotaspromising

ResiduesofAltosidinwaterandonvegetationfollowing
treatmentwiththe515225formulationat001lbAIacre
byaircraftwereverylimitedandofshortdurationTable
7Thusthe515225formulationdoesnotappeartocause
anysignificantresidues

EffectsofAltosid515225onNontargetAquaticOr
ganisms IntestswithAltosid515225onpastures
Tables5and6notoxiceffectsonnontargetor
ganismsassociatedwithpasturehabitatswereobserv
edInpondtestswhereratesof01and02lbAIacre
wereappliedthefollowingnontargetorganismswereob
servedforeffectsofthetreatmentsRotatoria4splanchna
spCrustaceaCladoceraDaphniaandMoinasppEuco
pepodaCyclopsandDiatomussppConchostracaEulim
nadiaspandPodocopaCypricerusspInsectaEphe
meropteraCallibaetisspDipteraGoeldichironomus
holoprasinusGoldiandChironomusstigmaterusSayCole
opteraTropisternuslateralisFandHydrophilustriangu
larisSayNoeffectonanyoftheseorganismswasobserv
edwiththeexceptionoftheChironomidaeemergenceof
bothspeciesofmidgeswasslightlyreducedMidgesarelist
edinthispaperasnontargetsbecausethetreatmentswere
specificallydirectedagainstmosquitoesAsmidgesarea
pestproblemtheeffectsofthetreatmentagainstthemcan
notbeconsideredasdeleterious



BothPhysaandLymnacasnailsandPardosaspiderswere
frequentlyfoundinthehabitatswheretestswereconducted
noapparenttoxiceffectofAltosid515225wasobservedon
theseanimalsThusAltosid515225appearstobeverysafe
withrespecttonontargetorganismsattheratesevaluated

WhiletheAltosid515225formulationdoesnothavethe

physicalcharacteristicswhichwouldallowoperationaluse
testswithitdemonstratethepotentialofimprovedformu
lationsofAltosidthatcouldallowloweruseratesaswellas

improvedperformanceagainstfilterfeedingspeciesofmos
quitoes
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INSECTDEVELOPMENTINHIBITORS BIOLOGICALACTIVITYOF

RE17656RE17937andRE18286AGAINSTMOSQUITOESDIPTERACULICIDAE
ANDNONTARGETORGANISMS

CHSchaeferTMiuraFSMulliganIIIandRMTakahashi
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ABSTRACT

RE17565RE17937andRE18286arenewtertbutylsubstitute
phenolcompoundsrelatedtothestructureofMON585Theyoffer
promisingactivityagainsteconomicallyimportantspeciesofCali
forniamosquitoesWhensensitivelarvaeearlytomediumaged
4thstageareexposedthereisnodirecttoxicitybutmortality

INTRODUCTIONMON58526ditertbuty14o
dimethylbenzylphenoldoesnotcausedirectintoxica
tionofmosquitolarvaebutwhen4thstagelarvaeare
exposedtoeffectiveconcentrationsmortalityoccursinthe
pupalstageAffectedpupaedonotmelanizebutdieun
pigmentedSather1971Inthefirstpaperofthisseries
SchaeferandWilder1972thebiologicalactivityofMON
585againstseveralspeciesofmosquitoeswasdescribedIn
thelaboratorytreatmentof4edesnigromaculisLudlow
larvaeat01ppmresultedinpupalmortalityof9095
infieldtestsagainstthesamespeciesexcellentcontrol
wasobtainedwhen15or20lbAlacrewereappliedby
helicopterWhileM0N585hasnotbeenadvancedtocom
mercialdevelopmentitsuniquetypeofbiologicalactivity
remainsofinterestparticularlyitseffectivenessagainst
organophosphorusresistantstrainsofmosquitoesRecently
wehaveevaluatedthreenewtertbutylsubstitutedphenols
thatexhibitsimilarbiologicalactivityThisreportsum
marizes1973laboratoryandfieldresearchonthesecom
pounds

MATERIALSANDMETHODSThemethodsforlabor

atoryandfieldevaluationofdevelopmentalinhibitors
againstmosquitoeswerethesameaspreviouslydescribed
SchaeferandWilder19721973exceptwherenoted
otherwiseMethodsforlaboratoryandfieldevaluationof
sideeffectsonnontargetaquaticorganismswereasde
scribedpreviouslyMiuraandTakahashi19731974ex
ceptasnotedotherwiseEachfieldtesthasbeenassigneda
FieldTestNumberandthesearereferredtoasFTNosin
thetextSinceitisimpracticaltoincludeallthedetailsre
cordedforeachtestegtemperaturewindskycover
waterdepthetcthisinformationwillbekeptonfileand
isavailabletointerestedpersons

Thestructuresofthethreenewtbutylsubstituted
phenolsRE17565RE17937andRE18286aregivenin
Fig1

FieldStudiesTestson1mPondsatFresnoEach

pondcontained70gallonsofwaterandwassprayedwitha
predeterminedamountofthetestcompoundin25mlof
waterWatersampleswerecollecteddailyandbioassayed
byadding20early4thstagelarvaeofCulexpipiensquin
quefaseiatusSayThedailywatersamplesweretakenfrom
theupper23inchesexceptinoneexperimentwhereaddi
tionalsampleswerealsopipettedfromthebottomofthe
pond
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occursduringtheprepupalandpupalstagesAffectedpupaedonot
pigmentbutdieasalbinosAtthedoseswhichareeffective
againstmosquitoesnodeleterioussideeffectswereobserved
againstmicrocrustaceansimportantpredatoryinsectsormosquito
fish
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Testson0059AcrePasturePlotsTheseplotsare110
longand23wideandarelocated15milessouthofBakers
fieldTreatmentsweremadewithahandsprayerapplying
RE179374EorRE1756550WPin15gallonsofwaterper
plotThewaterwas1012inchesdeepatthetimeofappli
cationandthevegetationwaspredominantlybermudagrass
Afterpupationhadbeguninthefieldpopulationdaily
samplesoflarvaeandpupaeseveralhundredineachwere
collectedandheldinthelaboratoryinordertomonitor
adultemergenceAlso1ftscreencageswereplacedover
pupaeinthefieldplotsandthedailyemergenceofadults
wasmonitoredAfterthepondswereirrigatedeggsofA
nigromaculisandAedesmelanimonDyarhatchedquickly
thespeciescompositionvariedbetweentestsbutan8020
ratiorespectivelywastypicalSuchnaturalmixturesof
thesetwospeciesaretypicaonirrigatedpasturesinCentral
CaliforniaWhentestswitCulextarsalisCoquillettwere
desiredtheAedeswerenottreatedandwithinafewdays
thepondswereinfestedwithCulexeggraftsPondlevels
wereraisedthedaybeforetreatmenttoa1012inchdepth
sothatsufficientwaterwouldbepresenttoallowcomple
tionofthetest

AircraftTrialsOnlyRE17565wasavailableinsuffi
cientquantitytoconductsmallscaleaircrafttestsOnly
lowerdoses0Aand02lbAIacreweretestedbecauseof
thelimitedamountof50WPavailableThefirsttestFT
No7323wasrunonJuly91973A12acrepasturecon
taining3rdand4thstagelarvaeofAnigromaculiswas
sprayedwith01lbAIacreinonegallonofwaterKings
CountyAsecondtestFTNo7344wasconducted
onSeptember271973KernCountyaneightacreduck
clubpondcontainingallstagesofCtarsalislarvaewas
treatedwith02lbAIacreinonegallonofwater

EffectsonNontargetAquaticOrganismsThefollow
ingnontargetaquaticorganismswhichfrequentlycoexist
inmosquitobreedinghabittswerestudiedwithrespectto
potentialdeleteriouseffectsfromRE17565andRE17937
RotiferarotifersAsplanchnasppCladocerawaterfleas
DaphniasppMoinasppEucopepodacopepodsCy

clopssppDiatomussppPodocopaseedshrimpCypri
cerussppConchostracaclamshrimpEulimnadiaspp
HemipterawaterboatmenCorisellasppbackswimmers
NotonectaunifasciatusGuerinEphemeropteramayflies
CallibaetissppOdonatadragonfliesOrthemis spp

PantalasppColeopteradivingbeetlesThermonectus
basillarisHarrisAciliusippLaccophilussppwater
scavengerbeetlesHydrophilustriangularisSayTropistern
uslateralisFHelophorvssppEnochrussppDiptera
midgesChironomusattenaatusWalkerChironomusstig
materusSayGoeldichironomusholoprasinusGoeldi
Cyprinodontiformesmosquito fishGambusiaaffinis
BairdandGirardVolvocaceaeflagellatesEudonnaspp
VolvoxsppPreliminarytoxicitiesagainstmanyofthese
organismsweredeterminedbytreatingpopulationsinsmall
containerswithacetonesolutionsofthetechnicalmaterials
Microcrustaceamaintainedoutdoorsin5gallonaquaria
weretreatedwithRE17565andthepopulationdensity
measuredfor23daysfollowingtreatmentInfieldtests
onmosquitobreedinghabitatsfrequentobservationsand
countsofexistingnontargetorganismsweremadebefore
andfollowingtreatment

RESULTSLaboratoryStudiesThebiologicalactivities
ofthethreecompoundsinthelaboratoryagainstCpquin
quefasciatusCtarsalisandAnigromaculisareshownin
Tables13respectivelyThedatashowthatallthreecom
poundsaremostactivewhenearlytomediumaged4th
stagelarvaearetreatedMortalityoccursintheprepupal
andpupalstagesandmelanizationdoesnotoccurPupae
thatsuccessfullypigmentarenotaffectedbythetreatment
OnCtarsalisthemediumtolate4thstagelarvaearefairly
insensitivetoallthreecompoundsTable2andearlier
stagelarvaeshowequalsensitivityRE17565appearstobe
aseffectiveagainstOPresistantlarvaeasforsusceptibleones
Table2Thereislittledifferencebetweenthebiological
activitiesofRE17565andRE18286againstAnigromaculis
larvaeTable3butRE17937showslesseractivity

FieldStudiesTestson1mPondsTheresultsaregiven
inTable4ItisreadilyapparentthatRE17565wasthe
mostactivecompoundandthetestofAugust301973
demonstratesthatitgraduallyplatesoutofthewater

Table1BiologicalactivityagainstCulexpipiensquin
quefasciatus4thstagelarvaein inhibitionofadult

emergence

Compound

Larvalageb
Notestae

Concnppm

00004

001

004

01

04

1

4

10

RE17565

EM

4

77

98

100

100

100 100

100 100

RE17937 RE18286

EM E EM E M

3 1 2 1 1

0 0 0

o o 0 0 0 0

26 4 10 19 50

88 100 92 100 96

100 100 100 100 100

100 100 100 100 100

aLaboratorystrainOPsusceptible
bEearlyMmediumEMmixtureofearlytomedium
cIneachtesteachconcentrationwasruninduplicate

Testson0059AcrePasturePlotsTheresultsofthe
testsagainstAedesareshowninTable5andaresurpris
inginviewoflaboratoryand1mponddataItis
apparenttheRE17565doesnoteffectivelycontrolAedes
larvaeattheratestestedaswouldbeexpectedfromthe
laboratorydataFurthermoreRE17937whichhadlesser
activitythanRE17565againstAedeslarvaeinthelabora
toryshowsgreateractivityinthefieldTheresidualactivity
ofRE17565diminishesmuchmorequicklythanwouldbe
expectedbasedonthe1mponddata



Table2BiologicalactivityagainstCulextarsalislarvaein inhibitionofadultemergence

Compound RE17565 RE17937 RE18286

Strain OPS OPS OPS OPS OPR OPR OPR OPS OPR OPS OPR OPR

Larvalage ML4 EM4 E4 L3E4 ML4 E4 L3E4 ML4 1444 ML4L314E144

No testa 3 2 1 2 1 1 4 1 2 1 1 1

Concnppm

00001 0 0 0 8 0 0 0 0 0 0

0004 5 1 0 6 15 20 9 17 0 0

001 34 25 40 19 52 51 52 8 47 11 32 0

004 73 58 95 74 100 100 98 63 98 59 90 80

01 77 94 100 100 96 100 100 71 100 65 100 98

04 81 100 100 100 100 100 100 81 100 75 100 100

1 82 100 100 100 100 100 100 85 100 65 100

4 100 100 100 100 100 100

10 100 100 100

aEearlyLlateEMmixtureofearlytomediumMLmixtureofmediumtolatethenumberreferstothelarvalstage
bIneachtesteachconcentrationwasruninduplicate

Table3BiologicalactivityagainstAedesnigromaculislarvaein inhibitionofadultemergence

Compound RE17565 RE17937 RE18286

Larval ageb M4 EM4 E4 L3E4 M4 EM4 L3E4 L4 M4 E4 L3E4

No testsP 1 1 2 3 1 1 1 1 1 1 1

Concnppm

00001 0 0 0

0004 0 14 0 6 0 0 0 6

001 71 21 24 20 0 0 0 6 65 22 11

004 100 100 97 59 51 17 22 56 90 92 81

01 100 100 100 85 84 64 81 53 100 100 98

04 100 100 100 100 97 100 100 55 100 100 100

1 100 100 100 100 100 100 100 75 100 100

4 100 100 79

aLaboratorystrainOPresistant

bEearlyMmediumLlateEMmixtureofearlytomediumthenumberreferstothelarvalstage
cIneachtesteachconcentrationwasruninduplicate
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Table4Bioassayofwatersamplesfrom1mpondsat
FresnoCaliforniain inhibitionofadultemergenceof
Culexpipiensquinquefasciatus

Samplecollectiontimehrposttreatment
Date Concn

1973 ppm 2 24 48 72 96 120 144 168

RE18286

530 02 100 100 88 10 0 0 0 8

614 1 100 100 8 0 20 0

2E17937

530 2 100 100 7 8 0 0 0 0

BE17565

530 2 100 100 100 82 89 51 51 16

614 1 100 100 15 12 98 87 0

830 2

Pondtop 100 100 100 100 100 10 4 6

Pondbottom 100 100 100 100 100 86 100 100

Table5Summaryof0059acrepasturetestswith
RE17565andRE17937againstnaturalmixedpopulations
ofAedesnigromaculisandAedesmelanimon

Larval

Field Date Doselb stages

teatno 1973 AIacre trected

Finalmortalityoffield
populationbystagetreated2

2 3 4

RE17565

7330 820 02 4 50

7336 96 3 73 70 85

RE17937

7330 820 1 4 60

7333 830 2 14 45 90

7336 96 3 3 95 99

Table6Summaryof0059acrepasturetestswith
RE17565andRE17937anaturalpopulationsof
Culextarsalisallstagespresent

Bioassayofwater
Days atcollectiontimehr

Field Date Doselb control

testno 1973 AIacre 982 0 24 48

RE17565

7315 73 02 3 100 55 0

7322 725 1 2 100 0 0

7322 725 05 0 100 0 0

7331 820 1 0 35 0

RE17937

7317 710 4 5 100 0 0

7322 725 2 3 100 0

aln inhibitionofadultemergenceofCulexpipiensquinquefas
ciatus

TheresultsagainstCtarsalislarvaearesummarizedin
Table6RE17565andRE17937havesimilaractivity
againstCtarsalisat02lbAIacreandbothshowvery
limitedresidualactivityinwaterbasedonthebioassaydata
RE17937showsgoodactivityat041bAIacre

AircraftTrialsFollowingthefirstapplicationofRE
17565at01lbAIacretherewasanapproximatefinal
mortalityof60forlarvaethatwere4thstageatthetime
oftreatmentand50forthosethatwere3rdstageFollow
ingthesecondaerialapplicationFTNo7344flooding
ofwaterthroughpartsofthefieldcontinuedaftertreat
mentandmayhaveaffectedtheresultsThenormalemer
genceofCtarsalisadultswasreducedbyabout50for4
daysaftertreatmentLarvaewhichwerelate4thstageat
thetimeoftreatmentwereunaffectedasexpected

EffectsonNontargetAquaticOrganismsLaboratory
dataontheeffectsofRE17565onnontargetorganismsare
showninTable7itappearsquitesafetomicrocrustaceans
suchascladoceransandcopepodsaswellastoimportant
predatorssuchasbeetlesandfishCountsonnontargetor
ganismsfollowingafieldapplicationof02lbAIacreof
RE17565showednodeleteriouseffectsTable8similar
studiesfollowingafieldapplicationof04lbAIacreof
RE17937alsorevealednoadversitiesTable9Treatment
of5gallonaquariacontainingmicrocrustaceanpopulations
with0005ppmofRE17565alsoshowednoadverseeffects
Fig2ThusRE17565andRE17937appeartobequite
safewithrespecttothecommonlyoccurringaquaticnon
targetorganismsthatexistinmosquitoproducinghabitats

DISCUSSIONANDSUMMARYSpecialcaremustbe
takeninevaluatingthesecompoundsRE17565RE17937
andRE18286underfieldconditionsasthepredominant
mortalityoccursintheprepupalstagethesesinkintosmall
depressionsinthebottomsofpondsorpasturesandarevery

411

500 TREATED

1001

CONTROL
50

CLADOCERA

1111111 11tttItIltl

5 10 15 20

AUGUST1973

Figure2EffectsofRE175650005ppmagainst
microcrustaceansArrowindicatesapplicationday



Table7BiologicalactivityofRE17565inthelabora
toryagainstorganismsassociatedwithmosquitobreeding
habitats

Organism

Cladocera

Cladocera

Eucopepoda

Conchotraca

Notostraca

Podocopa

Ephemeroptera

Odonate

Tbastllarie

Laccophiluspp

Htriangulari

9affinia

MortalityConcnExposedNoNoNoorganism
Stage 1 ppm hr testreps container

Mixed 50 08 24 3 50

Mixed 50 45 144 3 50

Mixed 50 5 24 1 3 12

Mixed 0 25 48 1 3 10

Juvenile 713 24120 1 3 10

Mixed 5 96 2 3 30

Nymphs 10 1 168 1 64

Nymphs 0 1 144168 2 3 15

Adults 0 1 264 1 8

Adults 0 1 168 1 3 15

Larvae 0 1 120 3 1

Mixed 01 144 3

Table8BiologicalactivityofRE17565at02lbAI
acreappliedas50WPformulationonJuly31973against
pondorganismsFTNo7315

Cladocera

Eueopepoda

Podocopa

Rotifers

mayflyN

chironomidL

Volvocaceae

CorisellaappN

NunifasciataN

mayflyN

dragonflyN

HtriangularlyL

XtrlangularlaA

TlaterallyL

TlaterallyA

HelophorussppA

EnochrussppA

TbasillarisA

AciliussppL

LaccophllusappA

NnymphsLlarvaeAadults

Noorganismscollected6dips

Organism July1 2 3 5 6 9 10 11 12

4862805487337 4881196 59528672454

14 39 44 13 23 127 75 71 188

0 0 1 0 0 0 0 6 1

9 1 0 2 9 25 57 0 0

6 9 17 2 33 99 33 16 37

1 0 2 5 4 16 1 13

114 0942 1 507 64 16 14 26

Noorganismscollectedbya1fttrap

0 0 1 1

1 0 0 0 2 0

5 25 28 28 27 13

1 1 0 2 4 4

2 2 0

2 0 3 0 0

0 1 0 0 4

9 8 1 0 0

0 3 8 4 10

0 2 1 0 0

5 1 0 0

0 1 3 2

0 0 0

difficulttoseeAlsothedeadanddyingprepupaeandpu
paearereadilyeatenbyscavengersandpredatorsThere
foreeffectsofthesecompoundsareeasilyunderestimated
Theabsenceofviablepupaeisanindicationofgoodresults

Table9BiologicalactivityofRE17937at04lbAI
acreappliedas50WPformulationonJuly101973
againstnontargetorganismsFTNo7317

Organism July10 11 12 16 17 19

Cladocera

Eucopepoda

Podocopa

mayflynymphs

chironomidlarvae

Noorganismscollected6dips

121 9 816206815314371

41 34 57 35 53 61

0 0 1 0 1 0

34 8 21 11 16 31

1 1 1 1 5 7

Converselythepercentageofemergenceof normal

appearingpupaeisapoorcriterionsincethosepupaewhich
appearnormalactiveandpigmentedhaveescapedthe
effectsofthetreatmentandwouldbeexpectedtoemerge
normallyThisisinsharpcontrasttoevaluatingcompounds
havingthejuvenilehormonetypebiologicalactivitywhere
pupalmortalityisagoodindicationofeffect

RE17565showedlesseractivityinfieldteststhanex
pectedfromthelaboratorybioassaydataandfromthe1
mpondtestsThisisprobablyduetoeitheradsorption
ontoorganicmatterortomicrobialdeactivationandis
currentlybeingstudiedRE17937showedlesseractivityin
laboratorybioassaytestsandlesserresidualin1mpond
testsbutprovedtobeasactiveasRE17565againstG
tarsalisandshowedgreateractivityagainstAnigromaculis

Preliminarytoxicologicaldataprovidedbythemanufac
turerindicateahighdegreeofmammaliansafetyallthree
compoundsshowedapproximateacuteoraltoxicitiesto
maleratsof2000mgkgLD50Theacutedermaltoxi
citieswereapproximatelythesamevaluetomaleratsas
well
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STRUCTUREACTIVITYRELATIONSHIPOFBRANCHEDCHAINCARBOXYLIC

ACIDSAGAINSTMOSQUITOLARVAE

YihShenHwang

UniversityofCalifornia
DepartmentofLntomologyRiversideCalifornia92502

ABSTRACT

LarvaeofthesouthernhousemosquitoCulexpipiens
quinquefasciatusSayproducedovercrowdingfactorsunder
overcrowdedconditionsThesefactorsshowingtoxicity
andgrowthretardingactivityagainstyoungerlarvaeofmos
quitoesweredeterminedtobestraightandbranchedchain
hydrocarbonsandbranchedchainaliphaticcarboxylicacids
Toascertaintheactivityofsubstitutedcarboxylicacids
againstmosquitolarvaetwenty2ethyl2butyland
2hexylcarboxylicacidshivingevennumbersofcarbon
atomswithtotalnumberofcarbonsfrom12to24were

synthesizedandtheirstructureactivityrelationshipstud
iedInthesynthesisdiethylmalonatewasalkylatedtwice
withappropriatealkylbromidesinethanolinthepresence
ofsodiumethoxideandtheresultingdiethyldialkylmalon
atesweresaponifiedanddecarboxylatedtogivethedesired
2substitutedcarboxylicacids

Thecarboxylicacidswerebioassayedagainstfirstinstar
larvaeofCpquinquefasciatusThebiologicalactivitywas
measuredintermsofinhibitionofemergenceofadults
resultingfromtreatedlarvaeInthe2ethylsubstituted
carboxylicacidseriestheactivityincreasedasthelengthof
themainchainofthecarboxylicacidsincreasedwith
2ethyloctadecanoicacidshowingthemaximumactivity
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LC5022LC9062ppmAsthechainlengthsincreased
furthertheactivitydecreasedIn2butylsubstitutedcar
boxylicacidstheactivityincreasedasthechainlength
increasedmaximumactivityshownby2butyldodecanoic
acidLC5064LC90130ppmand2butyltetradecanoic
acidLC5060LC90130ppmAfterasharpdecrease
theactivityincreasedagainasshownby2butyleicosanoic
acidIn2hexylsubstitutedcarboxylicacidsthesametrend
wasobtainedTheactivityincreasedtothemaximumin
2hexyldecanoicacidLC5038LC90100ppmthen
decreasedupto2hexylhexadecanoicandincreasedagain
asshownby2hexyloctadecanoicacidIngeneralthe
2substitutedcarboxylicacidshavingthetotalnumberof
carbonsfrom14to18showedthemaximumactivity
againstthemosquitoesHowever2ethyloctadecanoicacid
exhibitedanexceptionalactivityandwasbyfarthemost
activecompoundamongthosesynthesizedandbioassayed

Thebranchedchaincarboxylicacidsareespeciallyeffec
tiveagainstyoungerlarvaeSincetheseacidsareinsoluble
inwateritispossiblethattheirbiologicalactivitycanbe
increasedgreatlybyformulatingthemwithsuitablesur
factants



MOSQUITOCONTROLSTUDIESINNORTHERNCALIFORNIAWITH
JUVENILEHORMONEANALOGUESAPROGRESSREPORT

RLDunnTJCaseandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

Forthepasttwoyearstheapplicabilityofjuvenile
hormoneanaloguesJHAhasbeenexploredforusein
mosquitocontrolinurbanandruralsituationsinnorthern
CaliforniaThepurposeofthisprogressreportistobriefly
summarizetheresultsofongoingstudiesattheUniversity
ofCaliforniaatDavisontheeffectsofJHAonnontarget
insectsitsuseinslowreleaseformulationsitseffectiveness
againstmosquitolarvaeinricepaddiesandadultmosquitoes
inastateoffacultativediapause

SLOWRELEASEFORMULATIONSTUDIESStorm

drainscatchbasinsconstituteamajorbreedingsourceof
CulexpipiensinmanyurbanareasthroughoutCalifornia
Asanalternativetorepetitivetreatmentofcatchbasinsfor
Cpipienscontrolworkwasinitiatedonaslowrelease
formulationofJHAIntheinitialtestin1972asingle
applicationofZR515incorporatedinpolyurethanefoam
gave100controlfor58daysDunnandStrong1973
Duringthepastsummertheworkwasexpandedtoinclude
50catchbasinstreatedwithZR515andR20458incor

poratedindifferentmaterialsUnfortunatelynowild
populationofmosquitoeswasestablishedinthesebasins
evenafter70daysEvaluationbyusingcagedlaboratory
rearedlarvaeinthebasinswasalsounsuccessfulbecauseof

themuckandfluctuatingwaterlevelsInspiteofthese
difficultiesworkisbeingcontinuedthissummerinthe
catchbasinstoimproveonthedurationofmosquito
controlachievedinthe1972studies

Fromanecologicalstandpointpolyurethanefoamsare
notthemostdesirablematerialAsearchwasbegunforan
inexpensivecompoundthatdissolvesveryslowlyDissolu
tionsystemshavingnearlinearreleaserateswouldavoidthe
undesirablelogarithmicreleaseratephenemenonthatis
characteristicofadiffusionsystemAcombinationofthese
materialsdissolvedmuchtoorapidlyTable1Various
additivessuchasHiSilandSilanoxfailedtoretarddis

solutionSinceplasterofparisseemedtocrumbleslowly
itwasdeemedalikelycandidateandhasbeenthebasisof
furtherrefinements

UsingClabeledR20458releaseratesweremonitored
fromvariousconcoctionsandthisinformationwasfortified

withbiologicaldataobtainedfrombioassayingtreatedwater
withfourthinstarAedesaegyptilarvaeTwosystemsof
bioassayevaluationwereused5galloncrocksfilledwith
waterfromanearbycreekand1squareyardearthenponds
usingirrigationwaterEachofthe12pondswas1foot
deepwithindividualwaterdepthregulatorsandplanted
withriceTheresultsoftheCreleaseratestudyand
thebioassaywereconsistentFigure1Withtheplaster
rubberformulationreleasewasslowerandcorrespondingly
thepercentagekilllastedconsiderablylongerthanwiththe
SilasticformulationPresentlythemainpointistodeter
minethereleaseratenecessarytomaintainmosquitocon

153

Table1Dissolutionformulationsscreenedforfeasibil

ityasslowreleasecarriersPEGPolyethyleneglycol
PPGPolypropyleneglycolMWMolecularweight

PEG

PEG

PEG

PEG

PEG

PEG

PEG

PEG

PEG

PLASTEROFPARIS

Table2ZR515aerialapplicationstoriceplotsin
ColusaCounty1973

Treatment

Control1

Control2

SR101

SR102

Charcoal1

Charcoal2

Granular1

Granular2

MW20000
10 50 PPGMW1200

20 50 PPGMW4000

10 25 50HISIL

1 5CABOSIL

20PPGMW4000 1CABOSIL

SILANOXCOATING

20CHARCOAL

10 33PLASTEROFPARIS

CtarsalisAfreeborniCtarsalisAfreeborni

81 62 91

1AllsamplesofN154thinstarlarvae

AdultEmergence
PostTreatmentSamples

Day1 Day3

25

0 57 12

55 0 63 0

58 88

63 0 0

86 96 30

15

trolovera34monthperiodThisinformationwillgreatly
assistinselectingthebestJHAformulationformosquito
controlwiththeslowreleaseapproachandformthebasis
fornextsummersevaluationworkincatchbasins

LARVICIDALSTUDIESINRICEPADDIESDuring
August1973ZR515wasappliedaeriallytoricepaddies
inColusaCountytotestitsefficacyincontrolling
AnophelesfreeborniandCulextarsalisThreeformulations
weretestedat01lbacre1themicroencapsulation
SR102agranularand3a20Fcharcoalformulation
Theinitialtestsinvolvedlaboratoryrearedthirdandfourth
instarAfreebornilarvaeinscreenedcagesplacedstrategic
allythroughoutthetreatedanduntreatedcontrolrice
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Figure1ReleaseratesofR20458fromtwoslowreleaseformulationsdeterminedbyClabelingandbybioassay

paddiesAquaticinsectpredatorshoweverpenetratedthese
cagesandeliminatedthetestlarvaeAdifferenttestpro
cedurewasemployedwiththeuseoffieldlarvalpopula
tionsIncontrasttoaedinebreedinginanirrigatedpasture
situationlarvaldensityinricepaddiesisoftenverylow
Forthisreasonlargedipnetsratherthanenameldippers
wereutilizedAtleast5peoplewadedthroughthepaddies
andcontinuedsamplinguntilsufficientnumbersoflarvae
couldbecollectedandbroughttothelaboratorytoobserve
thefollowingmortalityemergencerotationofthemale
genitaliaanddegreeofovariandevelopmentofthesurviv
ingfemalesWatersamplesandlarvaeweretaken135
and9daysaftertreatmentForsimplicityonlytheemer
gencedataforthefirsttwodaysisshownTable2Mortal
itywasnotoverwhelmingOnlyonday1wassignificant
controlof4freeborniachievedbySR10andthecharcoal
formulationBecausethericewas12feethighatthetime
ofapplicationwehadexpectedthegranularmaterialto
outperformtheliquidspraysThiswasnotthecaseOfthe
500malesexaminedonlytwodidnotrotatetheirgenitalia
onefromacontrolandonefromatreatedplotTheresults
ofthewaterresidueanalysisnotyetavailablewillenable
ustodeterminewhetherornottheinconsistenciesinour

100
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60 10
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40
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47JH27PPM

Table3PreliminaryevaluationofR20458onnon
targetTropisternuslateralis

RatePPM NoTreated Emergence

00 6 100

0001 9 67

001 10 70

01 8 43

10 8 43

Treatedindividuallyaslate3rdinstarlarvae

2Adultsemergingappearingmorphologicallynormal

testcanbeattributedtofailureofthetestmaterialsto

penetratethericecanopyormerelytotheineffectiveness
ofthematerial

STUDIESONNONTARGETINVERTEBRATESPre

viousstudiestoevaluatetheeffectsofJHAonnontarget
organismshavebeenextensivebutinconclusiveInnorthern
CaliforniaricefieldstwobeetlesTropisternuslateralisand
Hydrophilustriangularisareveryabundantandpredaceous



onmosquitolarvaeThesestudieswereextremelylaborious
becauseofthecannibalisticbehavioroftheselarvaethe
longpupationperiodandoureffortstoavoidtheshortterm
acutetoxicityapproachtoevaluation

Inverypreliminaryteststhebeetlelarvaeweretreated
byputtingtheminwatercontainingknownconcentrations
ofJHAThelarvaewereallowedtopupateinsandandsub
sequentadultemergencescored2535dayslaterTropi
sternuslateraliswastreatedwithR20458atratesof10
ppmto1ppmTable3Dueprimarilytothelownumbers
treatedthe43emergenceissignificantlydifferentfrom
thecontrolsatonlythe15levelLarvaeofHtriangularis
weretreatedwithSR10atthesamerateswithnolethal

effectupto1ppmTable4Howeveroneoftheunex
plainedeffectsofJHAwasobservedThetreatedlarvaedid
notcrawlintopupationchambersinthesandassoonas
theuntreatedlarvaeInadditionsomeabnormaladults
werefoundinbothTlateralisandHtriangularisAttach
mentofapupalexuviatothetipoftheabdomenand
wrinkledelytrawerethemostcommonabnormalitiesob
servedFurtherreplicationswillbemadethisnextseason
beforeanyconclusionsaremadeastotheeffectsofthese
materialsonthetwonontargetspeciesstudied

DIAPAUSETERMINATIONSTUDYIfdiapausecould
beartificiallyterminatedinAfreeborniwewouldhavea
uniquetoolinmosquitocontrolJHAmaterialshavepre
viouslybeenshowntobreakdiapauseinadultalfalfaweevil
BowersandBlickenstaff1966cerealleafbeetleConnin
etal1967ladybugsHodeketal1973andothersbut
notinmosquitoesDuringthepastfalldiapausingadult

Table5DiapauseterminationinAnophelesfreeborniwithStauffersR20458inNovember1973

Treatment

Control

1pg
10pg

No

Treatment Treated

TopicalControl
1ug
10ug

SugarControl
20ppm
200ppm

267

273

346

198

252

291

Mortality Blood

NoTreated AfterTreat Feeding

400

221

230

6

10

46

1Basedonthenumberthatsurvivedafterbloodwasoffered

Mortality
After Blood

Application Feeding

401

736

815

25

24

55

254

559

772

219

275

411

1Basedonthenumberthatsurvivedafterbloodwasoffered

46

22

33

Table4PreliminaryevaluationofZR515onnon
targetHydrophilustriangularis

Normal Larvae

RatePPM NoTreated1Emergence Pupating

00 7 75 100

0001 8 71 71

001 7 86 71

01 8 86 50

10 7 71 0

1Treatedindividually aslate3rdinstarlarvae

2Thoseadultsemergingappearingmorphologicallynormal
3Countedafter2days

femaleAfreeborniweretreatedwithR20458andZR515
Thematerialwasappliedtopicallyorfedinasugarsolution
themosquitoesheldsevendaysandthenofferedablood
mealThedegreeofdiapauseterminationwasdetermined
bytheextentofbloodfeedingandsubsequentoogenesis

InthetestswithR2045846ofthecontrolmosqui
toescompletedoogenesisafterabloodmealAdultfemales
treatedwith1pgand10pgresultedin93and100
respectivelyofthebloodengorgedfemalescompleting
oogenesisNotehoweverthatthepercentageofblood
feedingdidnotincreaseTable5Withfemalestreated
withZR515howeverthepercentageofbloodfeedingin
creaseddramaticallywithincreaseddosageofthiscom

40

40

14

NumberDissected

Blooded Unblooded Blooded Unblooded

151

58

6

Table6DiapauseterminationinAnophelesfreeborniwithZoeconsZR515inOctober1973

46

93

100

withOvarioles

IIItoV

1

34

0

withOvarioles Noof
NumberDissected IIItoV Eggs9

Blooded Unblooded Blooded Unblooded No9

155

20 36 20 0 1514
32 8 937 0 1546
20 1 950 0 1255

32 34 93 0 2001
39 7 692 0 1626
22 0 818 1635
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poundTable6Inadditionitappearsthatdiapausein
femalestreatedwithZR515canbeterminatedbyexposing
thefemalestoJHAbybothcontactandingestion

DiapauseinbothCtarsalisandAnophelespunctipennis
thatundergogonotrophicconcordancewasnotterminated
byZR515

Thisissuggestiveofadifferenceinthehormonalsystems
thatcontroldiapauseinmosquitoessuchasAfreeborni
thatundergoreproductivechangesandinmosquitoessuch
asCtarsalisandApunctipennisthatundergochangesin
thebitingdriveAdditionalstudieswillhopefullyelucidate
ourinitialfindingsanddeterminethefeasibilityofusing
JHAunderfieldconditionstoterminatediapause

ACKNOWLEDGMENTSWethanktheColusaSutter
YubaandSanJoaquinMosquitoAbatementDistrictsfor
theirr1assistancethroughoutthestudiesPortionsofthis
workweresupportedbyStaufferChemicalCompany
MountainViewCaliforniaandZoeconCorporationPalo
AltoCalifornia
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FIELDEVALUATIONOFTWOINSECTGROWTHREGULATORSAGAINST
CHIRONOMIDMIDGESINWATERSPREADINGBASINS

FrankWPelsue GardnerCMcFarlandandCharlesBeesley

Chironomidmidgeshavebeenanuisanceproblemfor
manyyearswithintheSoutheastMosquitoAbatementDis
trictTheDistrictcoversalargeurbanizedportionofLos
AngelesCountyandthemajorityofthebreedingsitesare
locatedadjacenttohomesandindustrySitesarefound
primarilyinconcreteandnaturalfloodcontrolchannels
recreationallakesincludingwaterhazardsongolfcourses
andwaterconservationspreadingbasins

Thecontrolmethodsusedhaveconsistedmainlyofthe
applicationofvariousspeciesofbenthicforagingfishinim
poundedwaterareaswatermanagementinareassuchas
waterspreadingbasinsandchemicalcontrolinareassuch
asfloodcontrolchannelsforebaysinvolvedwithwater
spreadingoperationsandstreetgutters

Variousorganophosphorouscompoundshavebeenused
tocontrolchironomidmidgesinthoseareaswherephysical
andbiologicalmeanswerenotfeasibleUsuallychemical
controlofmidgesrequireshigherdosagestoachievereduc
tionbelownuisancethresholdlevelsthanisneededformos

quitocontrolInmanycasesseveralmidgespecieswerepre
sentinonesourceandcontrolwouldbedirectedatthe
specieswiththehighestpopulationFrequentlythemidge
populationcouldnotbekeptbelowthenuisancethreshold
foranyreasonablelengthoftimeduetodifferentialsuscep
tibilityofthevariousspeciesofmidgespresenttothetoxi
cantappliedThisproblemwascompoundedbythedevel
opmentofresistancebyseveralspeciestomanyofthecom
poundsAlsoanewspeciesofChironomousnotyetgiven
aspeciesnameoccurredintheSoutheastMosquitoAbate
mentDistrictwhichwashighlyresistanttoalloftheorgan
ophosphorouscompoundsusedbytheDistrictexceptmala
thionPelsueandMcFarland1971TheDistrictdiscontin
uedtheuseofmalathionformidgecontrolintheearly
1960sduetothedevelopmentofresistancebymosquitoes
anditshightoxicitytofishFishnormallydonotoccurin
thesourceswherethetargetspeciesislocatedbutmanyof
thesourcesemptyintothetidalnetwherefishkillscould
occur

Withtheoccurrenceofthishighlyresistantspeciesthe
Districthadtoresumetheuseofmalathiontoproviderelief
totheresidentsduringthemidgeseasonDuringthesum
merseasonthenewspeciespredominatesinmostofthe
floodcontrolchannelsandwaterspreadingforebaysinthe
District

In1970theSoutheastMosquitoAbatementDistrictini
tiatedresearchforthecontrolofchironomidmidgesby

granting10000totheUniversityofCaliforniaatRiver
sidetofundresearchheadedbyDrsMirMullaandFred
Legnertoexplorechemicalandbiologicalmeansofcon
trollingchironomidmidgesintheparticularhabitatscom

1SouthcastMosquitoAbatementDistrict9510SouthGarfield
AvenueSouthGateCalifornia90280
2ContraCostaMosquitoAbatementDistrict1330Concord

AvenueConcordCalifornia94520
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montoLosAngelesCountyAtthissametimeOrange
CountyMosquitoAbatementDistrictalsograntedresearch
fundstoUCRforthesamepurposeTheseGrantshavepro
ducedmuchvaluabledataandnewchemicalandbiological
controlagentshavebeendiscoveredthatshowpromisein
thecontrolofchironomidmidges

WiththeemergenceofinsectgrowthregulatorsIGRs
asmosquitocontrolagentsSchaeferandWilder1972it
appearedthatthesemightbeactiveagainstchironomidmid
gesPreliminarylaboratoryandfielddatabyMullaandKra
merinpressandNorland1973indicatedthatAltosid
ZR515showedahighlevelofacitivityagainstseveral
speciesoftheChironomidaeDuringtheearlypartof1973
anewcompoundcalledTH6040becameavailableforex
perimentationPreliminarylaboratoryresultsofthiscom
poundalsoindicatedahighlevelofactivityagainstchirono
midmidges

ThepurposeofthisstudywastofieldtestAltosidSR10
andTH6040forthecontrolofmidgesinwaterspreading
basinsTheprojectwasbegunduringthesummerof1973
andtheresultspresentedareofapreliminarynature

MATERIALSANDMETHODSExperimentswereper
formedattheRioHondoSpreadingGroundsoftheLos
AngelesCountyFloodControlDistrictlocatedinPico
RiveraTheseplotsofsimulatedwaterspreadingbasinswere
madeavailablebytheFloodControlDistrictforthisre
searchTestplotswereapproximately40feetsquareand
2feetindepthThebottomsubstratewassandyloamto
gravelThissoiltypeallowsrapidpenetrationofwaterinto
theundergroundaquifersSincethesesimulatewater
spreadingbasinswateriscontinuallyflowingintothebasins
andbeingpercolatedintotheground

Initiallyfouroftheavailableeighteenbasinswerechosen
forthetestsThreewereusedastestbasinsandoneasa

checkThebasinswerefilledinearlyJulyandmidgesampl
ingwasbeguninthelatterpartofJulySampleswerecol
lectedinconeshapedemergencetrapseachofwhich
sampledanareaofapproximately50squarecentimeters
Twoemergencetrapswereplacedpertestbasinandsamples
werecollectedtwotothreetimesaweekwitheachsample
representingasingletrapnightDatapresentedshowinga
dultemergenceareanaverageofthetwotrapspertestbas
inThetrapsweremovedaftereachsamplenightandwere
removedfromthebasinswhennosamplesweretakenThe
sampleswerereturnedtothelaboratoryidentifiedand
countedThenumberofsamplescollectedpreandpost
treatmentvariedbutatleastthreesampleswerecollected
preandposttreatment

Experiment1ThreebasinsweretreatedwithTH6040
14chlorophenyl326difluorobenzoylurea25wet
tablepowderattherateof005poundsactualperacre
OnebasinwasusedasacheckJuly311973Watertem
peraturerangedfrom26C31CpHrangewas8389



Experiment2ApproximatelyoneweekafterExperi
ment1thesamethreebasinsweretreatedagainwithTH
604025WPatarateof005ppmAugust81973
Watertemperaturerangedfrom2530CpHrangedfrom
87593

Experiment3TwoweeksafterExperiment2wascom
pletedadultemergencehadtotallyrecoveredAnothertest
basinwasaddedmakingfourtestbasinsandonecheck
basinuntreatedInthisexperimenttwobasinsweretreat
edwithAltosidSR10isopropylEE11methoxy37
11trimethyl24dodecadienoateandtwobasinswere
treatedTH604025WPattherateof01ppmon
August281973Watertemperaturerangedfrom22
25pHrangedfrom8796

Experiment4OnOctober161973Atreatmentwas
madeconsistingofacombinationofAltosidSR10plus1
AbatesandcoregranulesDosagerateforeachmaterialwas
01ppmEachmaterialwasreplicatedonceWatertempera
turesrangedfrom2122CandpHrangedfrom8589

TheTH6040andAltosidSR10wereappliedasadilute
sprayinwaterusingapressurizedsprayerandtheAbate as

granulesappliedwithaUSBoraxgranulespreaderPost
treatmentsampleswerecollectedthenightfollowingtreat
mentandtwiceorthreetimesweeklythereafteruntilpopu
lationrecoveryoccurred

RESULTSANDDISCUSSIONExperimentNo1re
portedinTable1usingT116040at005poundperacre
indicatedaratherpoorreductioninmidgepopulation
whichlastedonlyafewdaysThismayberelatedtothe
highdilutionrateintheexperimentalpondsasthewateris
continuallybeingreplacedThechironomidmidgespecies
mostabundantduringthefirstexperimentwereDicro
tendipescalifornicusJohannsenCricotopusspTanytar
susspandChironomusattenuatuscomplexFollowingthe
treatmentthepopulationsaffectedmostwereTanytarsus
spandCricotopusspwhichdidnotfullyrecoverbythe
timeofthesecondexperimentDicrotendipescalifornicus
andChironomusattenuatu3bothrecoveredrapidlyin3
daysbutnottothepretreatmentlevel

Figureoneshowsthetotalsofthethreemostnumerous

speciesrecordedinthefirsttwoexperimentsInExperiment
2TH6040wasagainappliedatarateof005ppmwithre
sultssimilartothoserecordedinExperiment1Cricotopus
spdroppedafterthefirstexperimentandremainedlowdur
ingthesecondexperimentTheDicrotendipespopulation
washighbeforethesecondexperimentbutthendropped
dramaticallyforafewdaysaftertreatmentthenincreased
quicklytoalevelabovethepretreatmentaverageThe
Tanytarsussppopulationwasalsorelativelyhighduring
thepretreatmentperiodalsodroppedaftertreatmentbut
didnotrecovertoitspretreatmentlevelremaininglowfor
severaldayscomparedtoDcalifornicusCricotopussp
remainedlowduringthetestandProcladiusculiciformis
begantoappearduringtheposttreatmentperiodInExper
imentIITable1duringthetestperiodnoreductionwas
recordedbuttherewasadramaticdropinthepopulation
toalmostzerothefirsttrapnightaftertreatmentthenthe
populationbegantorise

ExperimentIIIconsistedofcomparingAltosidSR10
withTH6040atadosagerateof01ppmDicrotendipes
californicuswasthepredominantspecieswithTanytarsus

sppresentinrelativelyhighnumbersCattenuatusand
ProcladiusculiciformiswerealsopresentatlowlevelsWith
eachompoundadultemergencewasinitallyreducedto
nearlyzeroIntheTH6040plotthepopulationrecovered
morerapidlythanintheAltosidS10plotasshownin
Figure2Figure3showsthepreandposttreatmentpopu
lationlevelsforthespeciesmostabundantduringthetreat
mentperiodForeachtestcompoundotherspeciessuch
asParalauterborniellasp4blabesmyiaspandCricotopus
spwerealsopresentatlowlevelsFigure3showsthatboth
compoundsperformedwellagainstthemidgespeciespre
sentHoweverintheTH6040testTanytarsusspemer
gencewasnotaseffectivelyinhibitedasintheAltosidtest
TheremaybesomeselectivetoxicityTH6040didnot
appearastoxictoTanytarsusspastotheotherspecies
presentThismaybealsotrueforProcladiusculiciformis
ThismaybeadvantageouswithPculiciformissincethis
speciesisapredatoronothermidgespeciesAltosidSR10
wasnoteffectiveininhibitingemergenceofTanytarsussp
ascomparedtotheotherspeciespresentbutAltosidwas
moreeffectivethanTH6040againstTanytarsusspDicro
tendipescalifornicusemergencewaseffectivelyinhibitedby
bothcompoundsandpopulationrecoverywasinitiallylow
droppingevenlowerandneverreallyfullyrecoveredas
showninFigure1

InExperimentIVAltosidSR10andTH6040were
usedbutAbategranuleswerealsoappliedatthesametime
todetermineifaneffectivelarvicidecouldprolongthe
actionoftheadultemergenceinhibitorsThisexperiment
waspredicatedontheideathateventhoughtherewasa
largedilutionfactoroccurringifonecouldinitiallyprevent
adultemergenceforashortperiodof23dayswhilealso
killinglarvaepresentinthetestplotalongerrecoverytime
couldbeachievedFigure4showsthatalongerrecovery
perioddidoccurusingalarvicidealongwithadultemer
genceinhibitors

Inthistesttenpretreatmentsamplesweretakenwithan
averagepopulationlevelofover100adultspertrapnight
Fourteenposttreatmentsarnplesweretakenwiththe pop

ulationinitiallydroppingtobelow05midgespertrap
nightandincreasingslightlytooveronemidge per

trapnightTheposttreatmentperiodrepresentsmore
thanonemonthThepopulationlevelremainedwell
belowthenuisancethresholduntiltheexperimentwaster
minatedTable2showsthecumulativeaveragepreand
posttreatmentcountsforExperimentIVindicatingexcel
lentreductioninbothtestplotsascomparedwithExperi
mentIIIFigure5comparesthepredominantmidgespecies
presentindicatingthattherewaslittleornoselectivetoxi
cityoccurringwiththeadditionofAbatetotheIGRcom
poundsTheevidenceisbynomeansconclusivethatthe
IGRAbatecombinationprolongedthepopulationrecovery
periodbutdoesindicateagreatereffectonthemidge pop
ulationthaneitherIGRcompoundusedaloneSincethe
experimentwasperformedclosetotheendofthemidge
seasonandtemperatureswerestartingtodeclinethismay
havecontributedtoaprolongationoftherecoveryperiod
Furtherexperimentsareplannedtosupplementthedata
presentedhereAbatewasnotappliedalonetocompareits
singulareffectonthelarvalpopulationoritsabilitytore
duceadultemergence



Table1ResultsoftwoexperimentsusingTH604025WPat005poundsactualperacreand005ppm

ExperimentNo1 ExperimentalPeriod727 8373

TestPond Material PretreatAveTN

ExperimentNo2 ExperimentalPeriod83 81673

TestPond Material PretreatAveTN

aDosagerate005ppmtreatmentdate8873

bPretreatmentbasedon6trapnights
ePosttreatmentbasedon5trapnights6days

ExperimentNo3 ExperimentalPeriod817 91473
TestPond Material PretreatAveTN

aDosagerateTH60401ppmAbate01ppm

bPretreatmentbasedon12trapnights30days

ePosttreatmentbasedon14trapnights24days

dPercentreductionbasedon100Cr x
100

PosttreatAveTN PercentReduction Average

A T125WP 125 125 54

B TH604025WP 324 92 75 59
C TH604025WP 344 205 48

D Check 328 370

aDosageRate005acretreatmentdate73173

bPretreatmentbasedon3trapnights6days

ePosttrcatmentbasedon2trapnights2days

PosttreatAveTN PercentReduction Average

A TH604025WP 108 161 0

B TH604025WP 115 159 0

C TH604025WP 122 157 0

D Check 160 186

A TH604025WP 164 37 76

B TH60402SWP 134 62 54
D

C AltosidSR10 154 23 83
D

D AltosidSR10 148 18 88

E Check 117 104

aDosagerate01ppm

bPretreatmentbasedon2trapnights12days

ePosttreatmentbasedon6trapnights20days

dPercentreductionbasedon100T
X

T100

A TH6040Abate 58 075 91

B TH6040Abate 92 042 97
D

C AltosidSR10Abate 82 032 98

D AltosidSR10Abate 46 039 98
D

E Check 93 124

64

86

94

98

159

Table2ComparativeresultsoftwoexperimentsusingTH6040andAltosidaloneandincombinationwith1Abate
Granulesatadosagerateof01ppmforeachmaterial

PosttreatAveTN Corrected Reduc Average

ExperimentNo4 ExperimentalPeriod917 11973

TestPond Material PretreatAveTN PosttreatAveTN Corrected Reduc Average
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IncomparingExperimentsI11andIVitisclearthat
AbateincludedincombinationwiththeIGRcompounds
willprolongtheperiodofpopulationrecoveryThereap
peartobeonlyslightdifferencesbetweenTH6040and
Altosidintheireffectsonchironomidmidgeadultemer
genceunderwaterspreadingconditions

SincebothIGRcompoundsusedintheExperimentsare
emergenceinhibitorsitappearsthattheyarewellsuitedto
midgecontrolastheadultsarethetargetsPreviouslylarvi
cidingwastheonlyfeasiblemeansofpreventingadultemer
genceusuallycausingagreaterenvironmentalhazardby
toxicitytofishandpredatoryarthropodsAlthoughtheim
pactofIGRcompoundswasnotassessedquantitativelyon
predatorpopulationspresentintestpondsitwasobserved
thatthesepopulationswerenotappreciablyreduced
howeversomemortalitywasobservedintheTH6040
pondstodragonflyandmayflynaiadswithlittleeffect
onwaterbeetlesandnotonectids

TREATMENT

NUMBEROFTRAPNlGTTT3

wwrwTH6040
ALTOSID

CHECK

0

1 A of

Figure2PreandPosttreatmentadultpopulationlevelsforTH6040andAltosidSR10treatedtestponds
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TIMESEQUENCERESPONSEOFCULEXTARSALISFOLLOWINGEXPOSURETO
INSECTGROWTHREGULATORS

GPGeorghiouandChiSLin

UniversityofCalifornia
DivisionofToxicologyandPhysiologyDepartmentofEntomologyRiversideCalifornia

Extensivetestswereperformedonthemodeofactionof
theinsectgrowthregulatorsIGRAltosidandtoalesser
extentofStaufferR20458trans14ethylphenoxy6
7epoxy37dimethyl2octeneonCulextarsalisThere
sultspresentedinsummarybelowhelptoelucidateseveral
aspectsofthebiologicalandphysicalpropertiesofthisand
otherIGRcompoundspreviouslynotclearlyunderstood

Sequentialeffectsoftreatmentof4thinstarlarvae
MostresearchersonIGRsareconfrontedwiththequestion
astowhatmeaningfuldatashouldberecordedinbioassays
ofsuchcompoundsItisgenerallyagreedthatthe24hour
mortalitycountwhichisconsideredtheendpointoftox
icityformostconventionalinsecticidesdoesnotapplyto
IGRsTheresultsofmanytestsledtothefollowingcon
clusionsLarvalmortalityfollowingtreatmentof4thinstar
larvaeisnotdosedependentandshouldnotbeconsidered
inthetotaleffectofthetreatmentTheeffectsonpupae
basedonproportionofundevelopedpupaeandadults
recordedasincompletedevelopmentattachmenttopupar
iumorinabilitytoflyweredosedependentFigure1
Thusthetotaleffectoftreatmentmustbebasedonthe
numberofadultssuccessfullyemerginginrelationtothe
numberofpupaeobtainedwithinacertainperiodafter
treatmentThisperiodmustcorrespondtotheknown
stabilityofthechemicalinthewatermedium

Precisionofthecriticalperiodoflarvalsensitivity
WhenthetotaleffectoftreatmentoflarvaebyAltosidis
plottedagainstdosetheslopeofthelineobtainedissur
prisinglyflatascomparedtothatofconventionalinsecti
cidesAlowslopegenerallyindicatesconsiderablehetero
geneityintheamountofactiveprinciplereachingasensitive
sitewithintheinsectatacriticaltimeofdevelopmentItis
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Figure1Relativesensitivityofprepupaepupaeand
adultstotreatmentbyAltosidappliedagainst4thinstarlar
vae
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92502

thereforeevidentthatmanyindividualseitherescapetreat
mentorareinsufficientlyexposedWehypothesizedthat
theobservedheterogeneityofeffectwasduetoarapid
hydrolysisofthechemicalinwaterbnarrownessofthe
criticalperiodofsensitivityof4thinstarlarvaeTheim
portanceofthesequestionsinpracticalcontrolisself
evidentTheywerealsoimportantinourinvestigationsof
thepotentialityforresistanceGeorghiouetat1974since
insuchstudiesitisnecessarytoensurethateveryindividual
contributingtothenextgenerationhasindeedbeenex
posedtotheappropriatedoseofthechemical

TherateoflossofAltosidtechinwaterwasinvesti
gatedbyexposinglate4thinstarlarvaefor30minutesto
treatedwateratvariousintervalsafterapplicationArapid
lossofactivityfroma66effectto23effectwasmea
suredduringthefirst16hoursTable1

Thequestionofdifferentialsensitivityoflarvaewithin
the4thinstarwasexaminedinalongseriesoftestofwhich
onlythefinalsetisdescribedbelowLargenumbersof4th
instarlarvaewereexposedto50ppbAltosidforperiodsof
153060120orcontinuouslyuntilpupationAfter
exposuretheyweretransferredtocleanwaterpupaewere
isolatedastheywereformedandrecordsweretakenonthe
percentageofadultemergencevsthetimeintervalbetween
larvalexposureandpupationTheresultsindicatethatthe
peakofsensitivityoccursatapproximately20hoursbefore
pupationThecriticalperiodismostclearlyevidentin
theresultsofshortexposures15andextendsfromabout
the10thtothe30thhourbeforepupationSimilarresults
wereobtainedwiththreestrainsofCtarsalisBakersfield
CoachellaandAltosidselectedandwithCquinquefasci
atus

Table1RateoflossofactivityofAltosidtechbio
assayedatvariousintervalsby30minexposureof4th
instarCtarsalisa

Intervalhrsbetween
appltowaterand

larvalexposure

0

1

2

4

8

16

Mortality

66

67

71

61

51

23

aCoachellastrain200larvaetestAltosid50ppbEachtestin
separatepan

bBasedonindividualspupatingwithin3claysafterexposure
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Bytakingintoaccountonlytheindividualswhichpupate
between10and30hoursaftertreatmentiethosewhich
werewithinthecriticalperiodofsensitivityatthetime
oftreatmentitispossibletoattainaconsiderablemeasure
ofreproducibilityintheresultsoftestsThusbyclarifying
thisaspectofthemodeofactionofAltosidwehaveintro
ducedaconsiderablemeasureofaccuracyandreproduci
bilityinevaluationsofIGRcompoundsTheprocedurehas
potentialusesinresiduebioassaysscreeningnewmaterials
determiningratesoflossofactivityandotherworkon
IGRcompounds

Rateoflossofactivityofthickwallandthinwall
formulationsofIGRR20458Bytheuseoftheprocedure
describedaboveinvestigationswerecarriedoutontherate
oflossofactivityofIGRR20458providedintwoformu
lationsthickwallandthinwallbytheStaufferChem
icalCoPaloAltoCaliforniaFigure2indicatesthatthe
thinwallformulationshowedhigherinitialactivitypossi
blyduetoahigherrateofreleaseofthecompoundHow
everactivitydeclinedmorerapidlysothatbythe4thday
ofincubationthethickwallformulationwasmoreactive
Thereforethelattershouldbeabletoprovidethelonger
residualactivityrequiredonasynchronouspopulations

Effectoflarvaltreatmentonadultlongevityfecundity
andfertilityRecordsobtainedontherateofpupationof
larvaefollowingexposureioAltosidindicatedthatthere
wasnodifferencebetweentreatedandcontrolgroups
Howeverextensionofthestudytothepostemergence
periodindicatedthattreatmentof4thinstarlarvaeaffected
theadultadverselyintermsoflongevityfecundityand
fertilityTheresultsofdetailedrecordsobtaineddailyon
twotreatedgroups025and05ppbrepresentingLC35
andLC53levelsrespectivelyandonecontrolgroupled
tothefollowingconclusionsAt025ppblongevityof
femaleswasreducedby18andofmalesby17relative
tothecontrolAt05ppbcorrespondingreductionswere
24and20 Fecundityandfertilitywerealsodepressed
morestronglybythe05ppbtreatmentThustotalegg
productionperfemalewasreducedby54andegghatch
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50 a
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Figure2RateoflossofactivityofR20458thick
wallandthinwallencapsulatedformulationsevaluated
bycontinuousexposureof4thinstarCtarsalislarvae

abilityby43relativetothecontrolrepresentinganover
allreductionoftheF1generationby73 Itisobvious

thatsuchsuppressionofthebioticpotentialoftreated
populationsconstitutesaconsiderablebonuseffectof
IGRapplicationSimilareffectsofAltosidonlongevity
fecundityandfertilitywerenotedbyCerfinhouseflies
Cerf1973

CerfDC1973JuvenilehormoneanalogsCrossresistanceand
bioticeffectsininsecticideresistantstrainsofMuscadomestica

LMSThesisUniversityofCaliforniaRiverside103pp
GeorghiouGPCSLinCSAppersonandMEPasternak

1974PotentialityofCulextarsalisfordevelopmentofresistance
tocarbamateinsecticidesandinsectgrowthregulatorsProCalif
MosqControlAssoc42117118



ANEWCONCEPTINMOSQUITOIDENTIFICATIONTHECIRCULARMOSQUITOKEY

CharlesMMyers

CaliforniaDepartmentofHealth
VectorControlSection5545EastShieldsAvenueFresnoCalifornia93727

TheCircularMosquitoKeyisintendedtoserveasanaid
infieldandlaboratoryidentificationofcommonmosqui
toesItisnotintendedasareplacementformorecomplete
keysforpreciselaboratoryidentificationDuetothedesign
ofthekeyonlyabouteightspeciesofmosquitoescanbe
representedThemostcommonlyencounteredandimpor
tantspeciesinanareaareusuallyonthekeyThereare
presentlyfourkeysavailablefordifferentregionsofthe
stateTheyare1NorthCoastal2SouthCoastal
3CentralValleyand4SouthernInteriorInsomedis
trictswithoverlappinggeographicalareasitmaybeneces
sarytoutilizemorethanonekey

USEThekeyhastwosidesOneisforidentifying
adultfemalemosquitoesTheoppositesideisforidenti

COMPARISONOFLIGHTTRAPANDHUMANBITINGCAPTURESOFANOPHELINES

INELSALVADOR

DPWilton

UnitedStatesPublicHealthService

CARSCDCcotlSEmbassyAPONewYork09889

ABSTRACT

CapturesofAnophelesprimarilyAalbimanusbythe
standardNewJerseytheCDCminiatureandanewultra

violetupdraftlighttrapwerecomparedinseveralfieldloca
tionsConcurrenthumanbitingcollectionsofAalbiman
uswereusuallymuchhigherthanthebesttrapcatch

THEZOOGEOGRAPHYOFMOSQUITOESINFLORIDA

MajorpointmadeisthatFloridaszoogeographyisvery
simpleitiswherethewesternhemispheresNEARCTIC
regionmeetsitsNEOTROPICALregionintheAtlantic
OceanThelineistraditionallyplacedbetweenFloridaand
CubabutIpreferplacingitbetweenmainlandFloridaand
theFloridaKeysbecausetheclimateoftheKeysfulfills
thetwocriteriamostoftenusedtodefinethetropicsclima
tologically1norecordoffrostand2Januaryisotherm

MauriceWProvost

FloridaMedicalEntomologyLaboratory
PostOfficeBox308VeroBeachFlorida32960
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fyingfourthinstarlarvaeThekeyisusedbyturningthe
smallerwheeluntilthetriangularmarkonitsmargincorre
spondswiththemarkontheinnerwheelMinoradjust
mentsmaybenecessarytoprovideaclearpicture

Characteristicsnecessaryforproperidentificationare
foundinthevariouscutoutsinthewheelInadditionthe
adultwheelhastwocutoutsentitledIdentificationInfor

mationandBiologicalNotesInformationinthesesec
tionsshouldprovideadditionalassistanceinidentification
Arrowsareusedtopointoutsomeofthemostimportant
characteristicsonthelarvalkeySomelarvalhabitatdata
arepresentedundertheBiologicalNotessectiononthe
adultkeyThecommonnamesusedonthekeyarenotall
acceptedbutareusedbymanyworkersinthefield

HoweverwhentheAalbimanuspopulationdensitywas
lowtheultraviolettrapcatchoftenequalledandoccasion
allyexceededthehumanbitingcollectionTheparousrate
oftrapcaughtfemalesaveragednearlytwicethatoffemales
comingtobitesuggestingthatnewlyemergedandolder
femalesresponddifferentlytothetwotypesofattractant

above70F

Floridas67mosquitospeciesarepredominantlynearctic
formsTwentyfour24speciesfindtheirsouthernlimits
inFloridaandseventeen17theirnorthernlimitsRough
ly60ofourmosquitoesareofnearcticoriginand40of
neotropicalMostfaunisticandfloristicstudiesofFlorida
asawholehaveconcludedthattheratiooftropicaltonon
tropicaloriginisnottoofarremovedfrom5050



THELIKELYMOSQUITOVECTORSOFDOGHEARTWORM

INACOASTALAREAOFSOUTHERNNEWJERSEY

WayneJCransandMarkFFeldlaufer

RutgersUniversity
DepartmentofEntomologyandEconomicZoologyNewBrunswickNewJersey08903

ABSTRACT

Duringthesummerof1973aneffortwasmadeto
locatethenaturalvectorsofdogheartworminacoastal
areaofSouthernNewJerseywherethediseaseconstitutes
aseriousveterinaryproblemMosquitoeswerecollected
weeklyfromJunethroughSeptemberDatawerecollected
onpopulationsuccessionparityrateslongevityandinci
denceoffilarialparasitesInfectivestagefilariaewere
recoveredandpreservedforspeciesidentificationDevel
opingformsoftheparasitewererecordedbutnotsaved

Grossmorphologicalcharacteristicsoftheinfectivestage
larvaeindicatedthatmorethanonespeciesoffilarialworm
waspresentinthemosquitopopulationAllspecimenshave
beensubmittedforspeciesidentificationbutconfirmation
ofUirofilariaimmitishadnotbeenreceivedatthetimeof
thiswriting

DataindicatedthatAedesvexansandAedessollicitans
showedaverylowvectorpotentialforthetransmissionof
filarialwormsBothofthesespeciesregularlycontained

INDUCEDTRANSLOCATIONSINCILEXTARSALISFORPOSSIBLE

USEINCONTROLSYSTEMS

Sixradiationinducedheterozygouschromosomalinter
changeshavebeencytologicallyidentifiedinlaboratory
strainsoftheencephalitisvectorCtarsalisOnenowin
thehomozygousconditionisconsideredasapossiblevehi
clethatcouldserveadualfunctionactasanautocidal

mechanismforreducingafieldpopulationandasatrans
portdeviceforintroducingdesirablegenotypesintothe

SisterMonicaAsman

UniversityofCalifornia
DivisionofEntomologyandParasitologySchoolofPublicHealth

305WellmanHallBerkeleyCalifornia94720
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developingfilariallarvaeinthemalpighiantubulesbut
neitherspeciesappearedtolivelongenoughtosustain
completedevelopmenttotheinfectivestage

AedescantatorandCulexsalinariusshowedamoderate

vectorpotentialIneachcaseinfectivestagefilariallarvae
werefoundinaverysmallpercentageofwildcaughtmos
quitoesinmidsummerDataindicatedthatveryfewmos
quitoeslivedlongenoughtosustaincompletedevelopment
totheinfectivestage

Aedescanadensiswastheonlymosquitocollectedduring
thisinvestigationwhichshowedahighvectorpotentialfor
thetransmissionoffilarialwormsThespeciesappearedto
beextremelylonglivedandinfectivestagefilariallarvae
werefoundineverycollectionofwildcaughtspecimens
frommidJunethroughSeptemberTheincidenceoffilarial
parasitesshowedadirectcorrelationwithparityratesand
peaktransmissionperiodsoccurredwhenmosquitopopula
tionswereattheirlowest

populationSinceindividualsfromdifferentfieldpopula
tionsaswellascolonizedstrainsofCtarsalisvarygreatly
intheirsusceptibilitytoinfectionwithWesternEquine
EncephalitisvirusandortheirabilitytotransmitWEE
virusastrainselectedforrefractorinessineitherabilityis
beingconsideredasapotentialgenotypetogenetically
combinewiththehomozygoustranslocationdescribed



MORTALITYOFCULEXTARSILLSMOSQUITOLARVAEOBTAINEDINLABORATORY

STUDIESUSINGVARIOUSCOMBINATIONSOFBACILLUSTHURINGIENSIS

HD1WITHTWOGROWTHREGULATORS

InlaboratorystudiesmortalityofCulextarsalismosquitolarvae
hasbeenobtainedbytheuseofcombinationsofnarrowspectrum
controlagentsThesecontrolagentsare

1BacillusthuringiensisHD1Effectivelarvicidalactivitywasob
tainedwhenappliedtoearlylarvalinstars10sporesml
Applicationofadequateaqueousconcentrationsresultsinlarval
mortalitysupplementedbydelayedpupationandreducedlevels
ofviableadultemergence

2Monsanto585Whendispersedasmicrodropletsatasufficient
levelnominally01pgmlthiscompoundaffectsearly4thin
starlarvaetoproduceearlypupalmortalityiemortalityim
mediatelyfollowingthelarvalpupaltransitionsupplementedby

INTRODUCTIONTherapiddevelopmentofresistance
inmosquitoesresultingfromthesequentialuseofbroad
spectrumchemicalinsecticidesindicatesthatfuturecontrol
mayrequirethecombineduseofmultiplenarrowspectrum
controlagentstoobtainabeneficialparasitepredatorpest
balance

InlaboratorytestswesuccessfullykilledCulextarsalis
mosquitolarvaebythreenarrowspectrumcontrolagents
employedincombinationWeplantoconductsimilartrials
inthefieldThesecontrolagentsare
1Bacillusthuringiensis11
2Monsanto585

3AltosidSR10

CombinationstestedagainstCulextarsalislarvaeyielded
larvalorpupalmortalityinexcessof90 Thesecombina

tionsdemonstratedanindependentorsimpleadditivenode
ofactionThereforeweexpectthatthesecombinations
shouldminimizetheappearanceofresistantmutantsfol
lowingextendedfieldusage

Forfieldapplicationvariouspracticalproblemsremain
tobesolvedincludingaquaticpersistencebiodegradation
andphotodegradationPotentiallysuccessfulmethodsare
presentedfortheresolutionoftheseproblems

Eachofthethreeagentsisdiscussedseparatelyanddata
arepresentedsuggestingthatsuchcompoundsbeemployed
inpairsorinabalancedtripleformulation

TherecentpublicationofReevesandGarcia1970on
thepathogenicityofbicrystalliferousisolateBA068of
BacillusthuringiensisBTcoupledwithourisolationofan
equallytoxiccrystalliferousstrainfromaninfectedcolony
ofledesdorsalisatFortBakerCaliforniasuggested
screeningofavailablestrainsofBTformosquitolarvaltox
icityNorris1969inviewofthecontradictorydatare
portedintheliteratureKellenandLewallen1960Liles
andDunn1959Rogoffandlgnoffo1969Shaikhand
Morrison1966

LJGoldbergandIFord

UniversityofCalifornia
NavalBiomedicalResearchLaboratoryOaklandCalifornia94625
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delayedpupalmortalityanddefectiveadultemergenceinsur
vivors

3AltosidSR10Thisisamicrocncapsultatcdformulationwhich
iseffectiveasacolloidalaquaticdispersionatanaqueouslevelof
nominally01ugmlwhenintroducedpriortopupationThis
resultsinlatepupalmortalityicpupaediejustpriortothe
pupaladulttransitionPupalmortalityissupplementedbythe
emergenceofincreasednumbersofdcfcctivcadults

Combinationsofthesethreelarvalcontrolagentsaresuggested
sinceeachdemonstratesadifferentprimarymodeofactionie
larvalmortalitymortalityatthelarvalpupaltransitionandmortal
ityatthepupaladulttransitionthuspotentiallyrequiringthree
independentmutationsforsignificantresistancetodevelopagainst
combinationsofthesecontrolagents

ContrarytopublisheddataisolatesofBthuringiensis
grownfor48hoursat30ConnutrientagarDifcoposses
sedlarvicidalactivitycomparabletoBA068againstcer
tainstrainsofmosquitotestlarvaeieCulextarsalis
IedesdorsalisandledestaeniorhynehusNoactivity

wasobservedagainstCulexpipiensSinger1973Isolates
havinglarvicidalactivityaresummarizedinTable1iso
lateswhichwerenotlarvicidalareshowninTable2These

datashowthatlarvicidalactivityisnotassociatedwith
anysingleseratype

TodeterminethemodeofactionofBTinrelationto

fieldstabilityinparticulartophotodegradationaseriesof
testsofBA068wasundertakenasafunctionofUV

2537AexposureThesedataaresummarizedinFigure1
Althoughviabilityoftheirradiatedtestsuspensionwasre
ducedfrom36x10m1to38x10mlareductionof
fourordersofmagnitudenomeasurablereductioninlarval
toxicitycouldbeobservedwithCulextarsalisThetoxicity
ofthisBTsporeisnotcorrelatedwithitsviabilityandis
notassociatedwithaninfectiousprocessbutprobablyis
associatedonlywiththeendotoxinAdditionallythespore
endotoxinshowedahighorderofphotostability

Theexperimentallyobserveddoseresponsecanbe
mathematicallydefinedasasinglehitdoseresponseie
thereisasinglecriticalchemicalsitewhichifinterfered
withorchemicallyblockedcanresultindeathofthelarvae
Suchadoseresponsehasaregressionlineofunitslope
Goldberg

IftheBTtestsporeispresentpriortotheintroduction
oflarvaebiodegradationmayalsooccurUsinganutrient
liquidcontaining10bacteriamltheED50doseofthe
initialBTtestchallengewasevaluatedasafunctionofthe
numberofdaysduringwhichtheBTsporeswerepresent
priortotheintroductionoftestlarvaeThesedataaresum
marizedinFigure2showingthatbiodegradationoccursin
anaquaticenvironmentwhichsupportsmicrobialfloraA
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Table1SummaryofscreeningoftestcultureofBTfor
larvicidalactivityagainstCulextarsalisKL1stinstartest
larvaeIsolatesfoundtodemonstratelarvicidalactivity

againstCtarsalisKL1tinstartestlarvae

OriginalDesignation SerotypeCodeNumber
kurstaki
kurstaki
aizawai

tolworthi

sotto

thuringiensis
thuringiensis
thuringiensis
thuringiensis
thuringiensis
thuringiensis
sotto

H3a3b t25369693TW1
128199763F

HP 118509762C
H9 INPI4601

H4a4b INPI18O521
Hl INPI1861041

INPI185104
INPI201113
INP1197105
1NPI1981051
INPI1991051

H4a4b INPI194101

Culturesmarkedwithanasteriskhavehadrecentconfirmation
Theremainderarebasedoninformationavailablebefore1963
andthereforethereisapossibilitythoseclassificationsarenot
accurate

paralleltestofaqueousstabilityindistilledwateratroom
temperatureoveraperiodofweeksshowednolossinlarval
toxicity

Thesensitivityoftestlarvaeisaffectedbylarvalageat
thetimeofchallengeLarvalageisdefinedasthetime
spanof1stthrough4thinstarsincepupaearenotsensitive
toBTFigure2alsoindicatesthatthelarvicidalactivityof
BTishighestagainstthefirsttwolarvalstagesEvenifthe
problemofaquaticbiodegradationweresolvedthecurrent
strainofBTwouldbeofpossiblepracticaluseonlyif
appliedpriortotheaquaticdevelopmentofthe3rdlarval
instar

Preliminaryunpublishedstudiesshowthatlarvicidal
activityofBTisdependentonwatertemperatureefficacy
increasingwithhigherwatertemperaturesThereforemost
ofthetestswereconductedatatemperatureof25C
77F

TheapplicationproblemsencounteredwithBTareasso
ciatedprimarilywithaquaticbiodegradationWearein
vestigatingmicroencapsulatedformulationsIgnoffoand
Batzer1971MarkinandHill1971MillerandGordon
1972RannandJackson1966whichshouldminimizethis
factorinanefforttofindonewhichwillretainahigh
leveloflarvaltoxicityTodatewehavenotsucceededIn
additionnewstrainsofBTorothermicrobialspeciesmay
beselectedwhichwillhavehigherlevelsoftoxicityanda
broaderordifferentspectrumofactivityDavidsonand
Singer1973Singer1973

AsummaryoflaboratoryfindingswithMonsanto585
follows

Sacher1971andJackob1972andJakobandSchoof
19711972notethatmetamorphosiswasblockedinthe
earlystageofpupationandtheresultingprepupaedieina
characteristiccompactstalkyandunmelanizedformSach
er1971Theyalsoobservedthatthelarvaewoulddevelop
normallyifM585wasintroducedduringthelate4thinstar
SincethismodeofactiondiffersfromthatofBTthe
authorsselectedM585foruseincombinationwithBT

HD1

Table2SummaryofscreeningoftestcultureofBTfor
larvicidalactivityagainstCulextarsalisKL1stinstartest
larvaIsolatesfoundtobeinactiveagainstCtarsalisKL
1stinstartestlarvae

OriginalDesignation
kurstaki

Bthuringiensisvar
thuringiensis
finitimus

subtoxious
entomocidus
aizawai

morrisoni
darmastadiensis

Serotype

H3a3b
H5a5b
H1

H2

H6
H6

HP

H8

H1O

CodeNumber

172O619A

7301301
1841182C

INPI451

INPI4561
INPI4571
INPI458

INPI4591

INPI4611

Culturesmarkedwithanasteriskhavehadrecentconfirmation
Theremainderarebasedoninformationavailablebefore1963and

thereforethereisapossibilitythoseclassificationsarenotaccurate
Selectedfrom64negativeresultstoillustraterangeofserotype

Aformulationwaspreparedasfollows01mloftech
nicalM5853lbgalwasaddedto1mlofacetoneThis
solutionwasforciblyinjectedinto100mlofdistilledwater
usinga2mlsyringefittedwitha27gaugeneedleThis
procedureproducedacolloidalsuspensionwhichupon10
folddilutionwasusedforUVexposurestudiesthusre
ducingscreeningeffectsduetoturbidity

Datafromtwoexperimentalseriesaresummarizedin
Figures3and5Figure3showsdoseresponsedataoftest
challengesofMonsanto585whenthemicronizedchemical
wasaddedtothelarvalenvironmentatselecteddaysbe
tweenthe1sttothelate4thstagesofdevelopmentNo
degradationoccurredasshownbytheobserveddosere
sponseswhenthechemicalwasintroducedpriortothe
criticalphaseordeadlineduringtheearly4thinstar
Thedoseresponseobservedcorrespondstoa2hitmodel
ietwoindependentchemicalsitessimultaneouslyblocked
inordertoobtainalethalresponseAsinglehitdosere
sponsecomparedwiththeobserved2hitresponsehasbeen
addedforreferenceFigure4Thesingleandtwohit
curvesbecomecloselyasymptoticfordoseresponselevels
greaterthan90 Fromapracticalpointofviewanaddi
tivemodeofactionresults

Figure5summarizesthedoseresponsedatawhenM585
micronizedaqueoussuspensionwasexposedforuptofour
hoursof2537Aradiationsimulatingtheeffectsofpro
longedexposuretosunlightTheUVlevelswereapproxi
matelythreetimesasgreatasthoseusedinthereported
BTstudiesTheauthorsestimatethatfourhoursofex

posureto2537Acorrespondstooneweekofdailyexposure
toaveragesunlightA2foldreductionorlessisdetectable
fromafourhourtestexposureto2537A

ZoeconsSR10microencapsulatedformulationwasex
posedinparallelwithM585sothedataarepresentedin
Figure6fordirectcomparisonThischemicalshowedno
significantsensitivitytophotodegradation

InthelaboratorystudiesMonsanto585showedgood
persistenceagainstbiodegradationandtosunlightassimu
latedbya2537Agermicidallampmeasuredbybioassay
usingCulextarsalislarvae
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Figure4Oneandtwohitdoseresponsecurvesasa
functionofchallengedosecorrectionresultingfrom20
controlmortality
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LaboratorydatafortheZoecongrowthregulatorintech
nicalandmicroencapsulatedformulationarepresentedin
Figure7ThomasGraveswhodevelopedthisformulation
bysuitablemicroencapsulationwasabletoreducebio
degradationtoanegligiblelevelforlaboratoryaquaticex
posureofonetotwoweeksThelevelofmicrobialflora
was bacteriaml

Thesedataindicatethattheactivityofthemicroencap
sulatedformulationisindependentoflarvalinstarageThe

Figure6StabilityofareaqueoussuspensionofSR10
exposedat28cmtoa30WGE30T8germicidallamp
2537Aforperiodsof0to240minutesusing1stinstar
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Figure7DoseresponsetoZoeconZR515andSR10growthregulatorformulationsasafunctionofmeanlarvalinstar
ausingCulextarsalisKLtestlarvae

applicationofSR10withinafewhourspriortopupation
wasusuallyaseffectiveasaquaticapplicationmadeduring
the1stinstarAquaticpersistenceofthematerialismore
importantthanearlychallengeThischemicalisoptimally
effectivewhenpresentjustpriortopupationItisnoteffec
tivewhenapplicationoccursfollowingpupation

FollowinglarvalchallengewithSR10thepupaeatfirst
appeartobehealthybutareunabletocompleteemergence
Deformedadultsalsooccurbutitisdoubtfulthatthis



effectisimportantinpracticalcontrolOneobservesa
singlehitdoseresponsethussuggestingasinglebutdiffer
entchemicalsiteofinteractionthanthatoftheproten
aceousendotoxinofBacillusthuringiensis

SUMMARYThedevelopmentofnarrowspectrum
agentsshouldtendtoreducethedevelopmentofresistance
byfielduseofmultiplecontrolagentsByalsoemploying
themostadvancedfieldapplicationtechnologyitshould
befeasibletoreducedosageratesandkeepcontrolcosts
withinreasonablelimitsalsominimizingtheecologicalside
effectswhichoccurwhenexcessivequantitiesoftoxic
chemicalsormicrobialagentsareusedincontroloperations
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LABORATORYANDFIELDEVALUATIONOFINSECTGROWTHREGULATORS

AGAINSTMOSQUITOES

MirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92502

Insectgrowthregulatorswhichincludejuvenilehormone
typecompoundsovercrowdingfactorsandtransspecific
regulatingfactorshavebeenrecentlymadethesubjectof
intensivestudiesformosquitocontrolThesematerials
possessinggoodmarginofsafetytomanandnontarget
organismsshowgoodpromiseformosquitocontrolinthe
nearfutureAvarietyofunrelatedcompoundsincluding
growthandrnorphogeneticregulatingfactorshavebecome
availableforinvestigationsTheefficacyoftheseagainst
mosquitoesisdiscussedbelow

OVERCROWDINGFACTORSThereareanumberof

wasteproductsproducedbymosquitoeswhicharedetri
mentaltotheirownkindChemicalidentificationofafew
oftheseindetectablequantitiesinlarvalculturesaresub
stitutedfattyacidsandsubstitutedandstraightchain
hydrocarbons

Severalsubstitutedfattyacidsweresynthesizedandeval
uatedforeffectivenessagainstmosquitolarvaePositionsof
thesubstituentandchainlengthwereveryimportantin
investingbiologicalactivityAmongthefouranalogs
studied2nbutylsubstituentona12carbonacidshowed
thegreatestactivityThesamesubstituentona10carbon
acidwasmuchlessactiveYoungmosquitolarvaeexposed
to0110ppmremainedyoungnofurthergrowthfor
manydaysbeforetheydiedSubstitutedlongchainhydro
carbonswerefoundtobemuchmoreactivethantheir
straightchainanalogsAgoodfeatureofthesecompoundsis
thattheyinduceconsiderableprolongationoflarvalstages
ofmosquitoesThefeaturemightlenditselfforpractical
considerationinthecontroloffloodwatermosquitoes
wheretemporarywaterwilldryupbeforecompletionof
thelarvalcycle

Todeterminethemosteffectivecompoundsinthis
groupvariousanalogshavingdifferentchainlengthsand
substituentshavetobesynthesizedandevaluatedagainst
mosquitolarvae

JUVENILEHORMONESTHEIRANALOGSAND

MIMICSAnumberofhighlyeffectivecompoundshave
becomeavailableinthepastyearortwoSomeofthese
materialsarerelatedtotheterpenoidinsectjuvenilehor
monecompoundswhileothersquiteunrelatedtothese
inducegrowthabnormalitiesandinhibitionofdevelopment
similartothatofinsectjuvenilehormones

Studiesontheefficacyofjuvenilehormoneanalogsand
mimicswereconductedinthelaboratoryusinglarvaeof
thecommonhousemosquitoCulexpipiensquinquefasei
atus

ThegrowthregulatorsR085497andR0203600and
R20458yieldedgoodinhibitionofadultemergenceat01
ppmTH6038andTH6040twocompoundsclosely
relatedtotheherbicidedichlorobenilyieldedcomplete
inhibitionofadultemergenceat005and001ppm
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respectivelywhen4thstagelarvaewereexposedThelatter
compoundisadifluroanalogandhas1020timesgreater
activityAnotherdistantlyrelatedcompoundHE24108
producedcompleteinhibitionofemergenceat005ppm
ItisofinteresttonotethatbulkofmortalityinTH6038
andTH6040occurredinthelarvalstagebuttheotherpro
ducedmortalityinthepupaloradultstageTH6040also
manifestedhighlevelofactivityagainstpupaeinducing
mortalityinboththepupaeandadults

GROWTHREGULATORSMOSQUITOESINFIELD
R0203600EC4wasevaluatedagainstCulextarsalisin
fieldplotsat02510lbacreThelifecycleofthisspecies
isasynchronousoverlappingbroadsandthereforebe
havesdifferentlyfromledesspecieswhicharemostlysyn
chronousThismaterialyieldedabout95inhibitionof
emergenceofCtarsalisduringthefirst24hoursandonly
80inhibition48hourslaterThelongevityofthiscom
poundandAltosidorZR515wasessentiallythesameboth
beingveryshortlivedundertheexperimentalconditions
Therewasnodifferencebetween02505and10Ibacre
ratesThisindicatesthatthemostimportantconsideration
istheavailabilityoflarvaeinastagesusceptibletothe
growthregulator

Itisofinteresttodeterminetheexposuredurationof
susceptiblelarvaeinfieldswhereZR515wasappliedat01
ppmLarvaeexposedforvariousperiodsfourhoursafter
treatmentsufferedthegreatestinhibitionofadultemer
genceafteranexposureof23hoursShorterexposuredid
notinhibitadultemergencecompletely

Theinhibitionofemergenceordevelopmentalevents
werestudiedbyisolatingasampleof4thinstarsfromeach
treatmentinfloatingunitsFigure1Thelarvalchamber
wasprovidedwithsectionsofstrainerclothscreenstofacili
tateexchangeoffoodandwaterbutnotlarvaebetween
insideandoutsideAventilatedadultretainingchamberwas
affixedtothetopofthelarvalchamber

EFFECTOFGROWTHREGULATORSONMOSQUITO

FISHReplicatedpondsstockedwithfivepairsofGanr
busiaaffinisweretreatedwithweeklyapplicationsofthe
growthregulatorAltosidZR515andRO203600fora
totalofsixtreatmentsAltosidEC50wasappliedatthe
rateof025and05lbacreactiveingredientswhileRO
203600wasappliedat05and101bacreactiveingredient
Aftersixweeklytreatmentsthepondsweredrainedandall
adultandyoungfishwererecoveredfromthetreatedand
untreatedpondsThefivepairsoffishreproducedequally
inalltreatmentsandyieldedbetween500600fish
aftersixweeksineachpondTherewasnosignificant
differencebetweenanyofthetreatmentsandthechecks
Nomortalityoffishwasobservedduringthestudyperiod

SimilarlyTH6040at0105lbacreandR20458
at05and10lbacre twootherinsectgrowth
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regulatorswereappliedtostockedpondsweeklyfor
nineweeksAfterthisperiodthenumberofprogeny
producedintreatedanduntreatedpondswasessentially
thesame

Fromthesepreliminarydataitcanbeconcludedthat
thesefourgrowthregulatorsattheindicateddosageswill
notinterferewiththereproductionandsurvivalofthe
mosquitofish

Figure1Testunitsholding4thinstarmosquitolarvaeforassessmentofdevelopmentaleventsandemergenceofadults
Theseunitsareemployedinstudiesontheefficacyofinsectgrowthregulatorsagainstmosquitoes



TOXICITYOFTH6040TOFRESHWATERCRUSTACEAANDTHEUSEOFATOLERANCE

INDEXASAMETHODOFEXPRESSINGSIDEEFFECTSONNONTARGETS

TaheshiMiuraandRMTakahashi

UniversityofCalifornia
MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

TH6040OtherdesignationsPH6040ENT29054
andOMS1804114chlorophenyl326diflouroben
zoylureaisanexperimentalinsecticidewithawiderange
ofbiologicalactivityThemodeofactionofthecompound
againstvariousinsectsincludingtheyellowfevermosquito
hasbeenreportedastheinhibitionofchitinsynthesisdur
ingmoltingthusinterferingintheformationofendocuti
culardepositionMulderandGijswijt1973PostandVin
cent1973

ItspotentialuseasamosquitolarvicideJakob1973
Schaeferetal1974ledtoconcurrentstudiesofitseffects
onthenontargetorganismscommonlyassociatedwithmos
quitobreedinghabitatsMiuraandTakahashi1974This
papergivesresultsoftoxicitystudiesonfreshwatercrust
aceansinthelaboratoryandoutdoorsinartificialcontain
ersAlsothetermToleranceIndexTIisproposedfor
comparingrelativetoxicityofanyparticulartoxicantto
nontargetandtargetorganisms

MATERIALSANDMETHODSMosquitoestargetor
ganismsusedinthisstudywereeitherfromalaboratory
colonyCulextarsalisCoquillettorwerecollectedinthe
fieldledesnigromaculisLudlowThenontargetorgan
ismstestedwerecollectedinthefieldtheyweremaintained
inseparatecontainersascoloniesorwereacclimatizedfor
1to2daysinthelaboratorytemperatureca2226C
beforebeingusedforatest

Methodsusedfortestingorganismsinthelaboratory
weresimilartothoseusedbySchaeferandWilder1972
formosquitoesandMiuraandTakahashi1973fornon
targets

Asimulatedfieldtestwasconductedoutdoorsinfour

glassaquariums5galcapacityTwoweretestedwith
005ppmTH6040technicalmaterialinacetoneandtwo
otherswereLeftascontrolsTechniquesusedforpreand
posttreatmentpopulationcountswerepreviouslydescribed
MiuraandTakahashi1973

Table1SimplifiedhypotheticalrelationshipsbetweenTIvaluesandnontargetpopulations

Nontarget

A

B

C

D

E

F

a

T LC50nontarget

1150a TI90b

b
TI90 LC90nontarget

LC90target LC90target
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ToleranceindexTI50isusedtoexpresstherelative
toxicitiesofatoxicanttonontargetorganismsItisdefined
astheratiobetweentheLCS0ofanontargetandthatofa
targetmosquitospeciesasfollows

T150 LC50ofanontarget

LC50ofatarget

UsuallytheLC50sandLC90svaluesareobtainedfrom
dosagemortalitylinesonprobitsheetsTherelativetoxici
tiesofatoxicantagainstnontargetsarebetterexpressedby
usingbothTI50andTI90valuesSimplifiedhypothetical
relationshipsbetweenTIvaluesandnontargetpopulation
trendsaresummarizedinTable1andtheserelationships
canalsobeexpressedbyusingdosagemortalitylinesFig1

LCvaluesforspecifictargetandnontargetorganismsare
constantforagivencompoundbuttheTIvaluesfornon
targetsvaryaccordingtothetargetorganismsTheTIvalue
simplyexpressesthetoxicityintermsofhowmuchitdevi
atesfromthatofthetargetThusitmeasuresrelativeside
effectsoftoxicantsagainstnontargetorganisms

RESULTSANDDISCUSSIONFigures23and4sum
marizetheresultsofthesimulatedfieldstudiesThewater

fleapopulationwasmarkedlyreducedthreedaysaftertreat
mentbutthepopulationslowlyrecoveredFigure2Typ
icalsymptomswerelessenedfilterfeedingsandmovements
reproductionwasalsosuspendedforaweek

Copepodpopulationsrespondedtothetreatmentinthe
samewayasdidthewaterfleapopulationbutthemagni
tudeofreductionwassmallandtheintervaloftherecovery
periodwasshortFigure3Theseedshrimppopulation
showednoharmfuleffectFigure4

Waterfleascopepodsandshrimpclamtadpoleand
seedarethemostcommonandabundantorganismsfound
inthemosquitobreedinghabitatsintheSanJoaquinValley
MiuraandTakahashi1974ThesideeffectsofTH6040
againstcrustaceansinthelaboratoryarecalculatedinterms

Effectsonpopulations

UsuallysafesafetydegreesareproportionedtoTIvalues
Populationmaybeexterminated

Populationmaybeexterminated

Somemortalitypopulationwillrecover

Populationmaybeexterminated
Somemortalitypopulationwillrecover
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Figure1HypotheticaldosagemortalityrelationshipsofatoxicantTtosixdifferentnontargetorganismsABCD E
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Table2BiologicalactivityofTH6040againstfreshwatercrustacea

ofTIvaluesandshowninTable3WhenTH6040isused

attherequiredratefor4nigromaculiscontroltadpoleand
clamshrimppopulationsmaybereducedbutwillprobably
recoverWhenTH6040isappliedforCtarsaliscontrol
thesideeffectsmaynotbeassevere

ThereportbyMiuraandTakahashi1974showsthat
whenTH6040a25WPformulationat025and001
lbAIacrewasappliedwithahandsprayertosmallshallow
intermittentpondsca0028acreinsizetadpoleand
clamshrimppopulationswereeliminatedfromtheponds
Whilewaterfleapopulationsweremarkedlyreducedthey
recoveredwithinaweek

Stage LCppm Exposedhr NoTest

aThesuccessionofconcentrationsusedwastoolowtodeterminetheLC50level

Toleranceindexcanbeusedforcomparingsideeffects
oftwoormoretoxicantsagainstnontargetsForexample
Table4summarizesthelaboratorystudyonsideeffectsof
AltosidagainstcrustaceansIncomparisonwithTH6040
thebiologicalactivityofAltosidishighlyselectivewhenit
wasappliedattheratesformosquitocontroltherewasno
measurabledeleteriouseffectonthefreshwatercrustaceans

Waterfleas Mixed 18x103 24 3

Clamshrimps Mixed 38x104 24 4

Tadpoleshrimps Juvenile 64x104 24 3

Copepods Mixed 10Ca 24 3

Seedshrimps Mixed 5Ca 24 1

Table3ExpectedsideeffectofTH6040mosquitolarvicideagainstsomefreshwatercrustacea

LC 72x104 LC 3x103ppm

TI T190

Waterfleas 250 227

Clamshrimp 53 47

Tadpoleshrimp 89 47

LC 7x10 LC 14x11ppm

Nontarget TI T1

Waterfleas 257 486

Clamshrimp 54 100

Tadpoleshrimp 91 100
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Table4ExpectedsideeffectofAltosidagainstsomefreshwatercrustacea

ATargetAedesnilromaculis

Nontarget T150

Waterfleas

Clamshrimp
Tadpoleshrimp

BTargetCulextarsalis

Nontarget

Waterfleas

Clamshrimp
Tadpoleshrimp

aDataaretakenfromMiuraandTakahashi1973
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CONVENTIONALANDNEWINSECTICIDES

FORTHECONTROLOFCHIRONOMIDMIDGES

RLNorlandMSMullaFWPelsueandTIkeshoji

INTRODUCTIONInrecentyearsaquaticmidgesofthe
familyChironomidaehaveposedanincreasingnuisance
problemforresidentsofsouthernCaliforniaPopulation
expansionhasresultedinthecrowdingofresidentialdwell
ingsandbusinessestablishmentsnearfloodcontrolchan
nelswaterspreadingbasinsandmunicipalreservoirs
Descriptionsofvariousproblemsituationswereoutlinedby
Grodhaus1963

Previouslymanyinsecticideswereeffectiveincontroll
ingmidgelarvaeSincethedevelopmentofresistanceto
chlorinatedhydrocarbonsLieuxandMulrennon1956
organophosphateshavebeenemployedalmostexclusively
Andersonetal1965McFarlandetal1962Mezgar1967
MullaandKhasawinah1969Mullaetal19711973In
recentyearsmostoftheavailableorganophosphateslost
theireffectivenessagainstoneormorenuisancespeciesof
ChironomidaeIntheLosAngelesareaChironomussp51
Chattenuatescomplexhasdevelopedresistancetonearly
allavailableorganophosphatesandhasbecomethemajor
nuisancespeciesPelsueandMcFarland1971Malathion
whichistoxictofishandineffectiveagainstmostmidge
speciesinthisareashowsfairactivityagainstChsp51
PelsueandMcFarland1971Testsarecurrentlyunder
waytofindsaferandmoreeffectivecompoundsforcon
trollingthispest

Thispaperreportsthefindingsoflaboratoryandfield
evaluationsofsomenewerandsomecommerciallyavailable
compoundsagainstChsp51andspeciesofothergenera
ofChironomidae

METHODSANDMATERIALSInthelaboratorythe
insecticideswerebioassayedagainstsusceptibleandresis
tantstrainsofChironomussp51Thesusceptiblecolony
hasbeenmaintainedinourlaboratoryforseveralyearsThe
resistantcolonyofChsp51wasderivedfromlarvaecol
lectedfromtheCoyoteCreekareaofsoutheasternLos
AngelesCountyOnetestwasconductedusinguncolonized
larvaebroughtdirectlyfromCoyoteCreekTechnicalgrade
materialsweredissolvedinacetoneandadministeredto4th

instarlarvaeinwaxtreatedpapercupsandlarvalresponse
notedaccordingtothetechniqueofMullaandKhasawinah
1969

FieldevaluationofCidialethylmercaptophenyl
acetate0dimethyl phosphorodithioatewasconducted
infloodcontrolchannelsconcretebottom12ftwide
1to2inwaterintheCanogaParkareaofLosAngeles
CountyTwositeswerechosentoassesstheefficacyof2
CidialcelitegranulesThetwolengthsofchannelcomprised
approximately1acreplotsandweretreatedbymeansofa

1KernMosquitoAbatementDistrictPOBox9428Bakers
fieldCalifornia93309

2UniversityofCaliforniaDepartmentofEntomologyRiverside
California92502

3SoutheastMosquitoAbatementDistrict9510SouthGarfield
AvenueSouthGateCalifornia90280
4YokohamaCityUniversityDepartmentofParasitologySchool

ofMedicineUrafunechoYokohama232Japan
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USBoraxSpreaderTwo3inx6inscoopdredgelarval
samplesweretakentothedownstreamlimitofeachplot
ChecksampleswereobtainedaboveeachplotSampleswere
takentothelaboratorywheretheywerewashedandcount
edonamidgecountingtraySamplesweretakenbefore
and72hoursaftertreatment

GranularandemulsifiableformulationsofCidialwere

comparedformidgeactivityinWestlakeamanmadelake
westofLosAngelesThislakehasbeenusedearlierfor
testingpurposesbytheauthorsandisdescribedbyMulla
etal19711973Malathiongranulesandeinulsifiable
formulationswerecomparedCidial2celiteandmala
thionl20meshsandcoregranuleswereappliedbya
BoraxSpreaderfromthefrontofamotorboatCidialEC4
andmalathionEC5weredilutedinonegallonofwaterand
sprayedintothepropellerwashoftheboatAseriesof
fingersofthelakeservedastreatmentplotsTwofingers
wereemployedforeachtreatmentandtwowereleftas
checksTwo5inx6inEkmandredgesampleswereobtain
edfromeachplotThesewerewashedthrougha50mesh
sieveBay1965andthematerialonthescreenwastaken
tothelaboratorywhereitwasfloatedandcountedMulla
etal1971

Speciescompositiondeterminedfromadultsreared
fromsampledlarvaewasalmostexclusivelyfromthesub
familiesTanypodinaeandOrthocladiinaeTheseincluded
ProeladiusbellusLoewTanypusgrodhausiSublette
TanypuscarinatusSubletteandCricotopusspOnlyan
occasionalChironomussp51andChattenuatusWalker
wereencounteredSampleswereobtainedbeforeand1
weekaftertreatmentFishmortalitywasalsorecordedin
eachplotThespecieswerebluegillIepomismieroehirus
RafinesqueandlargemouthbassMieropterussalmoides
laCepede

Chemicaldescriptionsofthosecompoundswhichhave
nocommonnamesareasfollows

Azodrin 3hydroxy Nmethylciscrotonamidedi
methylphosphate

Bas23501 35diethylphenylNmethylcarbamate
CibaC9491025dichloro4iodophenyl00dimethyl

phosphorothioate
Dasanit 00diethyl0P4methylsulfinylphenyl

phosphorothioate
Gardona 2chloro1245trichlorophenylvinyldi

methylphosphate
Lannate SmethylN methylcarbamoyloxythio

acetimidate

Landrin 345trimethylphenylmethylcarbamate
Methyl

Trithion SPChlorophenylthiomethyl00dimeth
ylphosphorodithioate

N2596 0ethylSpchlorophenylethylphosphoro
dithioate
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NIA18729

Phostex

RU11679

Supracide

bioresmethrin5benzyl3furylmethyl22
dimethyl32methylpropenyl cyclopro
panecarboxylate transisomer

bisdialkoxyphosphinothioyldisulfides
4transethanochysenthemateof5benzyl
3furylalcohol
S2methoxy5oxoA2134thiadiazolin
4ylmethyl00dimethylphosphorodithi
oate

RESULTSANDDISCUSSIONOnlytwoofthecom
poundslistedinTable1showedanyactivityagainsttheOP
resistantChsp51colonyat01ppmconcentrationThree
compoundsshowinghighestactivitywerereevaluated
againstthisspeciestoobtainLC50andLC90valuesThese
valuesalongwiththoseobtainedfromsevenothercom
poundsaregiveninTable2Ofinteresthereistheeffec
tivenessofmalathioncomparedtotheotherstandardand
widelyemployedchemical Thecompoundshightoxicity
tofishhoweverisnotinitsfavorSupracidealthough
displayinghighestactivityagainstthisspeciesisanew
organophosphateinsecticideandneedsfurtherevaluation

Ofthecompoundswhichmightbecomeavailablefor
thecontrolofmidgesCidialandSupracideappeartobe
themostpromisingagainstChsp51butlikemalathion
thesehavelowmarginsofsafetytofishExperimentswere
conductedtostudytheefficacyofCidialintwofieldsitua
tionsTheresultsofthefloodcontrolchanneltestswere

promisingTable3Inallcasesexceptonereductionwas
88 at72hrposttreatment

IntheWestlakestudyTable4formulationsofmala
thionandCidialwerestudiedChsp51occurshereonly
occasionallybutnuisancesituationsarisefromadultcon
centrationsoftanypodinesandorthocladinesNeithercom
poundprovedeffectiveagainstthesegroupsFishmortality
resultedfromthemalathiontreatmentMortalitywaspro
portionaltodosageratehowevertheemulsifiableformu
lationwasgenerallymoretoxicthanthegranulesSignifi
cantmortalityalsooccurredintheCidialEC4treatedplots

Oftheinsecticidesavailableforusebycontrolagencies
againstChironomussp51Cidialwouldappeartoholdthe
mostimmediatepromiseAteffectivecontrolrates01
025lbacreCidialissafetofishwhenemployedingran
ularformulation

AmongtheorganophosphateinsecticidesSupracideand
N2596areadditionalcompoundswhichmightproveuseful
forthecontrolofchironomidmidgesItislikelythatthese
organophosphateslikemalathionandCidialwillnot
readilycontroltanypodineandorthocladinemidges
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Table1FortyeighthourresponseoflarvaeofOP
resistantChironomussp51CoyoteCreekcolonyto
variousinsecticides

Material

Thionazin

Phosphamidon
Azinphosethyl
Azinphosrnethyl
Diazinon

Dioxathion

Ethion

Phostex

Carbophenothion
MethylTrithion
Dasanit

Supracide
Gardona

Azadrin

CibaC9491

Lannate

Methoxychlor
Landrin

Lindane

Bas2350I

NIA18739

NIA24110

NIA26021

N2596

PercentMortalityAt

1ppm 01ppm

100

100

100

0 0

0 0

94 0

0 0

0 0

100 0

0 0

60 0

100 100

0

0

100

84

100

100

100

100

100

100

100

100

0

0

4

0

0

0

0

0

0

0

0

0

8

84

aTwentyfive4thinstarlarvaeperreplicate2replicatesperconcen
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Table2SusceptibilityofCoyoteCreekandasusceptiblestrainofChironomussp51tovariousorganophosphateinsecti
cides

Insecticide

Susceptible

aIoldofresistanceofCoyoteCreekmidgesascomparedtothesusceptiblestrain
bAssayedagainstuncolonizedlarvaebroughtdirectlyfromthefield

Lethalconcentrationpartsperbillion

CoyoteCreek ResistanceRatio

LC50 LC LC50 LC90 LC50 LC90
Chlorpyrifos 11 19 230 450 209 237

MethylDursban 04 07 350 550 875 786

Abate 09 16 100 180 111 112

Malathion 12 28 3 6 2 2

Cidial 10 15 11 20 11 13

Cidial 28 67

PrimiphosMethyl 28 65

Supracide 04 10

NIA24110 87 118

N2596 08 12

SBP1382 95 213

Table3EffectivenessofCidial2celitegranulesagainstlarvaeofChironomussp51inLosAngelesfloodcontrolchan
nels

Dosage1bacre Samplelocation Pretreatment Posttreatment Percentreduction

01 2 2630 330 92

3 1070 200 88

028 1 1000 82 95

2 1950 58 98

3 1950 130 96

4check 2670 4170

a34samplesweretakenineachlocation
breduction 100

Cpretr
ck xposttrtr1100Mullaetal1971

pretrtr posttrck

Table4EffectivenessofmalathionandCidialagainstchironomidmidgesinawarmwaterlakeWestlakeCalifornia
1972

Materialorformulation Dosagelbacre

Malathion1G

MalathionEC

Cidial2G

CidialEC

Averagenumberlarvaesample

Averagenumberlarvaesample

Pretreatment 1week 2weeks BluegillMortality

025 42 16 48

050 56 52 157

025 26 18 86

050 70 156 386

Check 58 12 1

025 33 54 42 05

050 24 53 35 10

Check 22 15 31 0

025 26 16 14

050 38 47 72

Check 10 5 0

aCumulativeaverageperplot152acresovera72hrperiodSlightmortalityoflargemouthbassalsooccurredwithCidialEC
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During1972fieldresearchwasinitiatedtodetermine
theeffectivenessofcertainlarvicideoilsinurbanmosquito
habitatsintheSoutheastMosquitoAbatementDistrict
Priorto1972theDistrktusedFLITMLOoperationally
instreetgutterscatchbasinsswimmingpoolsandother
urbansiteswithsornesuccessbutfullysatisfactorycontrol
wasnotobtainedinsomecasesConsequentlystudieswere
performedusingFLITMLOfortifiedwithRichfieldLarvi
cideAresultinginanncreaseinthelevelofcontrol
Pclsue McFarland1973Inthesummerof1973the

studieswerecontinuedusingtwonewlarvicideoilsGolden
Bear1111andChevron72R2569instreetgutters

Larvicideoilsusedinurbanmosquitocontrolprograms
shouldhavelowphytotodeitygoodspreadabilityand
shouldproviderapidknockdownofmosquitolarvaeand
pupaeTheyshouldalsobenoncorrosiveandnonodorous
GoldenBear1111Chevron72R2569andFLITMLO
meetthesecriteriagenerallybutinmovingwatersituations
whererapidknockdownisimportantFLITMLOisdefici
entGoldenBear1111appearstobeaslightlymorearom
aticthanFLITMLOorChevronbutChevronhasanaddi

tivetoincreasetoxicity
Patentedpetroleumoilsdesignedformosquitocontrol

arebecomingmoreimportantbecauseoforganophosphor
ousinsecticideresistanceForthisreasontheDistricthas
donefieldevaluationtodeterminewhichoilsarebest

suitedforacomprehensivemosquitocontrolprogramThe
purposeofthisstudywastofurtherevaluatenewoilsto
determineiftheywouldBtintoacontrolprogram

MATERIALANDMETHODSThestudyareadescrib
edbyPelsueandMcFarland1973wasusedforthisstudy
Fewchangesweremadeinthemethodsusedin1973these
arereportedbelow

Thenumberoflarvalsamplesiteswasincreasedfrom
threetofivewithonesiteascheckandfourtestsites

Samplesconsistedof3dipspersitecompositedThree
larvicideoilswereusedintheexperimentsGoldenBear
1111Chevron72R2569andFLITMLOasastandard
GoldenBearwasreplicatedfivetimesChevron72R2569
threetimesandFLITMLOtwotimesSamplesweretaken

1SoutheastMosquitoAbatementDistrict9510SGarfield
AvenueSouthGateCalifornia 90280

2ContraCostaMosquitoAbatementDistrict1330Concord
AvenueConcordCalifornia94520

EVALUATIONOFGOLDENBEAR1111ANDCHEVRON72R2569MOSQUITO

LARVICIDEOILS

FrankWPelsue GardnerCMcFarlandandCharlesBeesley
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thedaybeforethetreatmentthedayofthetreatmentand
thedayfollowingtreatmentThesamplesweretakentothe
laboratorycountedandidentifiedThedosageratefor
eachoftheoilswas5gallonsperacre

RESULTSANDDISCUSSIONSTable1showsthere

sultsofthetestsGoldenBear1111wasclearlysuperiorto
ChevronandFLITMLOChevronwassuperiortoFLIT
MLOThelevelofcontrolachievedwithGoldenBear1111

approachesthelevelrequiredinanurbancontrolprogram
andappearstobethebestsuitedoilpossessingqualities
necessaryforcontrolinmovingwatersituations

Table1showstheaveragenumbersoflarvaeandpupae
beforeandaftertreatmentThedatadonotdifferentiate

betweenmortalityofprefourthinstarandfourthinstar
larvaebothGoldenBear1111andChevronprovidedgood
controloftheearlyinstarlarvaeHoweverinbothChevron
andFLITMLOsurvivalofprefourthinstarlarvaewas
greaterthaninGoldenBear1111Pupalmortalitywasgood
foralltheoilstested

Table1Averagenumberoflarvaeallstagesandpupae
perdip

Pre

Material treatment

GoldenBear

1111

Chevron

FlitMLO

Check

87

43

22

37

Post

treatment

4

5

5

54

Basedon9preandposttreatmentsamples

Percent

Reduction

95

88

77

ThemosquitospecieswereCulextarsalisCulexpipiens
quinquefasciatusCulexpensandCulisetairuidensThere
appearedtobenoselectivetoxicitytoanyofthesespecies

Referencesitcd

PelsueFWandGCMcFarland1973EffectivenessofaFLIT

MLO larvicideoilformulationinthefieldProcCalifMosq
ControlAssoc41155156



FLITMLOWITHPYRETHRINSFORMOSQUITOADULTICIDING

MRPittman SMSilveiraandPAGillies

INTRODUCTIONTheareaservedbytheTurlockMos
quitoAbatementDistrictincludesapproximately190000
acresoffarmlandManytruckandtreecropshavehigh
laborrequirementsduringharvesttimeinlatesummer
whichcoincideswithpeakmosquitopopulationsinthis
areaOccasionallymosquitoeswillmigrateintoafieldbeing
harvestedbyhandlaborfromalargesourcenearbywhere
larvalcontrolfailedbecauseofinsecticideresistanceor

otheroperationalreasonsWhentheinfestationisseverein
corntomatoesgrapesorchardsetcharvestcrewsmay
refusetoworkuntilthemosquitoesarebroughtundercon
trolEconomiclosscanresultifimmediateadultmosquito
controlmeasuresarenottaken

lodesnigromaculisistheprincipalspeciesinvolvedThis
mosquitobreedsprimarilyinirrigatedpasturesandtoaless
erextentincornalfalfaandorchardsIn1972adultsand

larvaeof1nigromaculiswerehighlyresistanttoallavail
ableorganophosphorouscompoundsposingadifficultcon
trolproblemBaygonacarbamateiseffectiveagainstA
nigromaculisadultsbutislimitedtouseinnoncropareas

ThusitwasnecessaryforthisDistricttoobtainasafe
adulticidethatcouldbeusedeffectivelytocontrolorgan
ophosphorousresistantmosquitoesincommercialfood

ITurlockMosquitoAbatementDistrictPostOfficeBox1629
TurlockCalifornia95380

2CaliforniaDepartmentofHealthVectorControlSection5545
EastShieldsAvenueFresnoCalifornia93727

Table1PercentmortalityofcagedCulexpipiensquinquefasciatusfollowingapplicationofaFlitMLOpyrethrinsformu
lationinapasturesituation

Stations

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Control

0075lbacaipyrethrins
1 24

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

0

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

0 0

00375lbacaipyrethrins
1 24

100KD

60

85

85

100

92

100

100

100

100

100

92

100

100

95

77
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cropsnearharvestaswellasinnoncropareasAircraft
applicationwaschoseninpreferencetoothermethods
requiringtheselectionofasuitableformulation

During1973aseriesofaerialapplicationswasmade
usingPyrocideMosquitoAdulticidingConcentratefor
ULVFoggingF7088EPARegNo10211185afor
mulationcontaining12pyrethrinsand60piperonylbut
oxideproducedbyMcLaughlinGormleyandKingFLIT
MLOwasusedasacarrierandsynergistChambersGV
personalcommunicationTheobservationsandcollection
oftestdatapriortooperationalapplicationsweremadeby
personneloftheVectorControlSectionoftheCalifornia
DepartmentofHealthandtheESSOResearchandEngi
neeringCompanyincooperationwithpersonnelofthe
TurlockMosquitoAbatementDistrict

MATERIALSANDMETHODSForthepreliminary
testsFLITMLOwasappliedat2galacrecontaining
00075and000375lbacrepyrethrinsThePA25260air
craftwasequippedwith12No8020FlatSprayTeeJet
nozzlespositionedat45degreesdownandaftoperatedata
boompressureof25psiApplicationwasmadeataflight
speedof100mphandanaltitudeofapproximately15ft
producinga50footswathwidth

Operationalapplicationsweremadeusing0005lbacre
pyrethrinsin05galacreFLITMLOTwentyfourNo
8002FlatSprayTeeJetnozzleswerepositionedat45
degreesdownandforwardwith50psiboompressure
Swathwidthandaltitudewereunchanged

HoursPostTreatment

100

70

92

100

100

100

100

100

93

100

100

75

100

100

100

77

7

005lbacaipyrethrins
1 24

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100KD

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

0 0
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Table2Fieldobservationsofadult4edesnigromaculis
treatedwithFlitMLOhgalaccontainingpyrethrins
005lbacaiFieldcountswerebasedonpantslegcounts

Stations Post

TestField Pre 1hr

1 2

2 2

3 6

4 3

5 4

6 5

7 5

8 4

CheckField

1 10

2 10

3 9

4 9

5 4

6 6

7 11

8 21

9 11

0

0

0

0

0

0

0

0

0

0

5

5

1

5

4

2

Post Post

5hr 12hr

2

5

0

0

0

0

0

0

0

0

0

0

0

1

15

2

15

15

1

0

0

0

1

1

2

15

5

15

1

5

35

6

7

4

RESULTSANDDISCUSSIONCompletedataie
exacttimeswindstemperaturesgrassandfoliagecover
areonfileattheTurlockMosquitoAbatementDistrict

Table1givestheresultsoftesting00075lbacreand
000375lbacreaipyrethrinsintwogalacreofFLITMLO
Asaresultofthesetests0005lbacreaipyrethrinsinh
galacreFLITMLOwithappropriateequipmentchanges
andadjustmentswasfoundtobethebestcombinationto
givetheexcellentresultsobtainedwithcontrolledfieldex
pernientsasshowninTables1and2

Table3Operationalresultsofaerialapplicationsof
FlitMLOhgalaccontainingpyrethrins005lbac

Numberof

Fields Crop

2 Alfalfa

2 Slough
1 Corn

2 Pasture

2 Pasture

3 Pasture

4 Pasture

3 Pasture

1 Pasture

1 Pasture

2 Pasture

1 Pasture

1 Pasture

1 Pasture

1 Pasture

5 Pasture

2 Pasture

1 Pasture

Total

Acres

120

40

10

20

40

50

64

34

14

6

12

4

40

30

20

26

44

30

24hrPost

PrcInspectInspection
AdultpantsAdultpants

55

8

25

2

10

4

5

6

2

5

3

20

15

8

10

20

3

6

2

0

0

1

1

0

0

0

2

1

0

5

3

0

0

0

1

Table3showstheresultsobservedbyoperatingper
sonnelwith0005lbacreaipyrethrinsinhgalacreFLIT
MLOintypicalpasturesituationswith4edesadults

Table4showsthatinagrapevineyardonlypartialcon
trolwasobtainedprobablyduetothedensecanopyofve
getationpresentinthissituation

ThesefieldtestsindicatedthataerialapplicationofFLIT
MLOandMGKsPyrocidecombinationcanbeaneffec
tiveandsafeadulticideforsomecropandnoncropsitu
ation



Table4PercentmortalityofcagedCulexpipiensquinquefasciatusfollowingapplicationofaFlitMLOYigalac
containingpyrethrins005lbacaiformulationonagrapevineyard

Station

North

Station

South

Placement

ofcages

Mortality

Position HoursPostTreatment

I 24

1 highopen vertical 100 100

2 lowopen vertical 71 86

3 highvine horizontal 95 95

4 midvine horizontal 0 0

5 midvine horizontal 0 11

6 ground horizontal 67 93

7 highvine horizontal 25 81

8 midvine horizontal 90 95

9 midvine horizontal 47 88

10 ground horizontal 0 19

11 highopen vertical 100 90

12 lowopen vertical 25 44

13 highvine horizontal 0 0

14 midvine horizontal 0 20

15 midvine horizontal 0 0

16 ground horizontal 17 58

Check 0 0

Check 0 0

1 highopen horizontal 100 100

2 lowopenho horizontal 39 86

3 midvine horizontal 0 11

4 groundvine horizontal 0 0

5 highopen horizontal 100 100

6 lowopen horizontal 68 84

7 midvine horizontal 18 27

8 groundvine horizontal 6 24

9 highopen vertical 94 100

10 lowopen vertical 67 89

11 midvine vertical 0 6

12 lowvine vertical 0 5

13 highopen vertical 100 100

14 lowopen vertical 81 95

15 midvine vertical 10 29

16 lowvine vertical 0 0

Check 0 0

Check 0 0
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AERIALAPPLICATIONOFFLITMLOTOIRRIGATEDPASTURES

FACTORSCONTRIBUTINGTOPERFORMANCEVARIABILITY

GVChambers PAGilliesandMRPittman

INTRODUCTIONAhighdegreeofvariabilityinthe
performanceofaeriallyappliedFLITMLOagainstlodes
niLromactalisinirrigatedpastureswasreportedin1972from
severalCaliforniaMosquitoControlAgenciesAcooperative
fieldandlaboratoryinvestigationinvolvingtheTurlock
MosquitoAbatementDistricttheCaliforniaDepartmentof
HealthEssoResearchandEngineeringCompanyand
ExxonCompanyUSAwasundertakenin1973toelicitpo
tentialfactorscontributingtosuchvariabilityThesefactors
wereconsideredtofallintooneofthreecategoriesproduct
aircraftoperationsorphysicalandbiologicalconditions
existingintheirrigatedpasturesTable1Thefirsttwo
categorieswereevaluatedfortheircontributiontoperform
ancevariability

ThreefactorslistedinTable1havebeenpreviouslyin
vestigatedandallthreeareknowntocontributetovaria
bilityContaminationofFLITMLOwithwaterpriorto
sprayingreduceslarvicidalactivityChambers1972The
useoftoowideaswathcontributestoskipsintheapplica
tionresultinginunevencoverageQuantitativerecovery
measurementsofaerialapplicationsofFLITMLOhave
shownthatswathswiderthan50feetresultindeficient

Table1Potentialfactorscontributingtoperformance
variability

PRODUCT Storagestabilityunderdesertconditions

AIRCRAFTOPERATIONS

Typeofaircraftgroundassistance

Flaggingvsfreeflying

TimeofDay

Teinperature
Wind

Influenceofpotentialcontaminantsonlarvicidalactivity

Waterpreviouslyreported

Baygon

Pyrethrum

Swathwidthpreviouslyreported

Edgeeffect

CONDITIONSOFIRRIGATEDPASTURE

SpeciesofAedesinvolved
Watersurfaceconditions

Stageofdevelopmentofimmaturespreviouslyreported
Timeofyear

Watertemperature

IEssoResearchandEngineeringCompanyBaytownPetroleum
ResearchLaboratoryPostOfficeBox4255BaytownTexas
77520

2CaliforniaDepartmentofHealthVectorControlSection
5545EastShieldsAvenueFresnoCalifornia93727
3TurlockMosquitoAbatementDistrictPostOfficeBox1629

TurlockCalifornia95380
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depositbetweenadjacentpassesflying40footswaths
eliminatesthedeficiencyorskipChambers1972FLIT
MLOunlikeconventionalorganophosphorouslarvicides
ismoreeffectiveagainstthelaterstagesoflarvaldevelop
mentMicksetal1968andGilliesetal1971Com
parisonoftheresultsobtainedfromtreatingapasturewith
secondinstarlarvaetotheseobtainedinapasturewith
fourthinstarlarvaemayprovideamisleadingconclusion
astothevariabilityinlarvicidalactivity

GeneralExperimentalProceduresTheeffectofground
assistancebyflaggingvsfreeflyingwasevaluatedinthefield
bycomparingthedecreaseinlarvalpopulationfollowingthe
twotreatmentsFLITMLOwasappliedat2gallonsacreto
irrigatedpasturesbyaPawnee260flyinga50footswath
Thetreatmentwasdelayeduntiltheimmaturepopulation
waspredominantlyfourthinstarlarvaewithafewthirds
andpupaeLarvalpopulationsintheexperimentalfields
werequiteuniformexceptforthefielddesignatedF
whichcontainedmorethirdinstarsTable2Greateruni
formityinexperimentalfieldswasachievedbydividinga
largerpastureintotwoportionsIntheseinstanceshalfof
thepasturewastreatedintheearlymorningandtheother
halfwastreatedinlatemorninginanattempttodefinethe
effectoftimeofdayontreatmentTheinitialplanwasto
continuetreatingpasturesforseveralconsecutivedaysin
thismannerhoweverthesupplyofexperimentalfieldswas
exhaustedbythethirdday

Productstoragestabilityandinfluenceofpotentialcon
taminantsonlarvicidalactivitywereevaluatedinthelabor
atory

ProductStorageStabilityThelarvicidalactivityofFLIT
MLOdidnotchangewithstorageunderconditionsofhigh
summertemperaturesSampleswereremovedfromlarge
sizestoragetankageatbothFresnoandTurlockfollowing

Table2Irrigatedpasturestreated

TreatmentpateApplicationTime
Aug1973 EarlyorLateMorning Flagged

14 E A4thsfewp C4thfew3rds

84thsfewp

L Df4ths E4ths

15 E

GeneralDescriptionofStageofDevelopment

G4thsfew3rdsFl4thssome3rds
few2nds00

L H4thsfew3rds

16 I4thsfew3rdsfewp
J4ths

Pawnee2602gallonsacre50hswathwidth

0Splitpasture

9874ths

006574ths



190

variousintervalsofstoragetimethroughthesummerof
1973andoverthewinterof19721973Thesesamples
wereevaluatedforlarvicidalactivitybyWHOM18Anon
ymous1967Thelarvicidalactivityofthesesamplescom
paredfavorablywiththeactivityofareferencestandardof
aknowncompositionrunatthesametime

PercentDecreaseinLarvalPopulationsAfterestablish
ingsamplingstationsandpretreatmentpopulationlevelsin
thetestfieldslarvalpopulationsweresampledforseveral
daysaftertreatmentTable3showsthedecreaseinimma
turesat24hoursand48hoursasreflectedbydipcounts
Thesechangesarereportedaspercentagechangestheper
centmortalitylevelsaremuchgreaterbecausethewatersur
faceareaandthevolumechangesubstantiallywithtimein
anirrigatedpastureaffectingthedensityofthesurvivors
Theincreaseinmortalitybeyond24hoursalsocanbemask
edbythisconcentrationfactor

GroundAssistanceforPreciseAircraftApplicationBetter
controlwasachievedintheflaggedfieldsbasedontheper
centdecreaseinlarvaldensityatthesamplingstations
Table3SinceFieldFcontainedmorethirdsitwasnec
tomakeacomparisononfourthsComparisonofFieldF
withFieldGappliedwiththesameloadofFLITMLO
Table4showsfewerfourthinstarsperdipatpretreat
mentinFieldFandahighernumberofpupaeperdip24
hoursposttreatmentindicatinglesscontrol

Theswathintervalof50feetwasselectedasacom

promisebetweenanidealswathwidthof33to40feetwith
aPawnee260andthegreaterswathwidthsutilizedinlar
vicidingwithorganophospliorouscompoundsItisknown
frompreviousspraydepositrecoverymeasurementsthata
narrowinsufficientlytreatedstripoccursinthedistribu
tionpatternattheareasofoverlapwithaflagged55foot
swathThusslightdeviationinthelineofflightinfree
flyingwitha50footswathcouldproduceskipsinthedis
tributionpatternandcausethemarkeddifferenceincontrol
notedinthecomparisonofflaggedandunflaggedfieldsA
moreuniformdistributionpatternandbettercontrolwould
beexpectedwitha40footswathinterval

ContaminationSamplesofFLITMLOweretakenfrom
theaircraftdistributionsystembeforeapplicationofeach
loadThesesampleswereevaluatedinthelaboratoryandit
wasfoundthatthelarvicidalactivitywassubstantiallyde
creasedwhentheloadfollowedaBaygonwaterapplication
Table5ThesesamplesoFLITMLOwithalowerlarvi
cidalactivitywerewetasreflectedbythemorethana
10foldincreaseinwatercontentContaminationbywater
priortosprayingchangesthesurfacechemistrythereby
apparentlychangingeithertherateordegreeofpenetration
ofthelarvicideintothelarvaeSubsequentlaboratorycom
parisonofthelarvicidalactivityofFLITMLOwithBaygon
orwithpyrethrumshowedthatthewaternottheotherpo
tentialcontaminantsdecreasedthelarvicidalactivityof
FLITMLO

TheamountofwaterintheFLITMLOandtheaccom

panyingdecreaseinlarvicidalactivitymaynotbeasgreat
fortheloadasthesamplesindicatedThesesamplesexcept
fortheFLITMLOpyrethrumloadswereremovedfromthe
aircraftpumpfollowingloadingandmaynotberepresenta
tiveofthecontentsoftheaircrafttankAfurtherstudyis
beingundertakenwithsamplingfromboththepumpand
thetank

Table3Percentdecrease

hoursat48hours

TypeofMaterialin
PreviousLoad

FLITMLO

Baygonwater

Baygonwater

FLITMLOpyrethrum

Baygonwater

FLITMLO

Pre

Post

Post

4thsdip

Pupaedip

Stationswith

pupae

inimmatures

Flagged

A80dry

B96dry

D86dry

G9594

H9999

19896

J9394

Table4ComparisonoffieldFandGbasedon4thin
starlarvae

G Flagged

112

006

33

perdipat24

FreeFly

C4863

Eunknown

F3947

F FreeFly

40

018

50

Table5WatercontentandlarvicidalactivityofFLIT
MLOsamplesremovedfromaircraft

Water
Prior Content Larvicidal

SamplingDate DescriptionofSampleLoad ppm Activity

14 1stFLITMLOload FLITMLO 165 100

2ndFLITMLOload Baygon
water 2735 42

15 1stFLITMLOload Baygon
water 2163 43

FLITMLOPyrethrum FLITMLO 190 100

2ndFLITMLOload FLITMLO

pyrethrum

16 FLITMLO Baygon
water 2165 37

FLITMLOPyrethrum FLITMLO 133 100

Mortalityat48hourswithSample
X100

Mortalityat48hourswithReferenceStandard

Evaluatedat4111withWHOM18procedureCulexpquinquefasciatus

TimeofDayAnevaluationoftheinfluenceoftimeof
dayoftreatingonperformancewasdiscontinuedwhenit
wasdiscoveredthatthelarvicidalactivityoftheFLITMLO
maynotbethesamefortheearlyandlatemorningflights
becauseofcontaminationwithwater

EdgeEffectAnexaminationofthepercentdecreasein
thelarvalpopulationwasmadeforeachofthesamplingsta



tionsTwoexamplesareshowninFigure1Thesesamples
illustrateareductioninthecontrolneartheedgesoftreat
edfieldswhereobstaclessuchaspowerlinestreeshouses
etcinterferewithmaintainingalowaltitudeoftheaircraft

ImplicationsofFindingsonOperationalPracticesSur
facetreatmentwithFLITMLOrequiresagreaterprecision
inaerialapplicationthanvolumetrictreatmentswithorgan
ophosphorouslarvicidesThefactorswhichaffectprecision
ofapplicationcontributetoperformancevariabilityExam
plesareoptimumswathwidthandstageoflarvaldevelop
menttreatedThelowmaterialcostoforganophosphorous
larvicidespermittedasubstantiallyhigherdosagerateover
thesusceptibleleveltherebyminimizingthenecessityfor
precisionapplicationFurthertheorganophosphorouslar
vicideswereeffectiveagainstadultsinthefieldandthefre
quencyofapplicationdidpermitthecontrolofadults
whichresultedfromskipsinpreviousapplicationsIncon
trasttheapplicationofFLITMLOforlarvalcontrolisa
surfacetreatmentwitharecommendeddosagerateonly
slightlyhigherthanthesusceptiblelevelforthe3rdinstar
larvalthroughpupalstagesThelarvicidedoesnotpossess
sufficientadulticidingactivityforcontrollingadultmos
quitoesTreatmentofthe3rdinstarthroughpupalstages
minimizesthedosageraterequiredbutdelayingtheappli
cationuntilthe3rdlarvalstageappearsusuallymeansthat
thewatersurfaceinthepasturehasbecomelesscontinuous
thusrequiringgreaterprecisionthanthepastpracticeof
treatingthelargerfloodedareascontainingtheearlierin
starsThisneedforgreaterprecisioninaerialapplicationis
notuniquetoFLITMLOvariousmosquitocontrolagents
includingFLITMLOaregenerallymorespecifictoapart
icularlifestageandtherecommendeddosagerateofthe
neweragentsisclosetotheminimumlevelbecauseofecon
omicandorenvironmentalconsiderations

Manyofthefactorscontributingtoperformancevaria
bilitywithaerialapplicationarecontrollableAdequatecov
eragewithminimumskipscanbeachievedbyusingtheop
timumswathwidthforthetypeofaircraftWheretheuse
offlagmenisimpracticaltheemploymentoffieldmarkers
asavisualaidtothepilotcanimproveprecisionDressoff
proceduresandtheuseofanextraswathontheupwind
edgeofapastureareessentialContaminationofFLITMLO
bywaterbeforeapplicationcanbeeliminatedbyutilizing

GNoDougherty

O

O

0 0

O

0

0

x

0SamplingStation
Decrease90

SamplingStation
lessthan90

XNonStationArea

lessthan90

ReferencesCited

HSoDougherty
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0

0

0

0

x 0

0

Figure1Examplesofedgeeffectondegreeofcontrol

equipmentforstorageandaircraftloadingforFLITMLO
useonlyandbydrainingtheaircrafttankandspraysystem
beforeloading

Otherfactorscontributingtoperformancevariabilitycan
beminimizedEmployingtheconceptofwaitadaycan
reducevariabilityduetofirstandsecondinstarlarvaeThe
operationalprogramshouldbegearedtotreatingthirdsand
fourthsandafewpupaeOtherfactorssuchaswatersur
faceconditionsexcessivevegetationsurfacescumetcare
considereduncontrollable
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SURVEILLANCEFORARTHROPODBORNEVIRUSESANDDISEASEBYTHE

CALIFORNIASTATEDEPARTMENTOFHEALTH1973

RichardWEmmons GailGrodhausandEdmondVBayer
CaliforniaStateDepartmentofHealth

2151BerkeleyWayBerkeleyCalifornia94704

Surveillanceformosquitoborneencephalitisduringthe
1973seasonagainconfirmedthepersistenceofwesternen
cephalitisWEEandStLouisencephalitisSLEvirusesin
theirnaturalcyclesinmanyareasoftheStateHowever
vectorcontrolandequineimmunizationprogramskept
humanandequinecasesofdiseaseatthelowlevelschar
acteristicofthepasttwodecadesAsusualsurveillance
activitieswerecarriedoutincollaborationwithmany
otherlocalStateandFederalagenciesandpersonnel

Atleast1037personssuspectedofhavinganarbovirus
infectionduringtheyearwerescreenedserologicallybythe
StateViralandRickettsialDiseaseLaboratoryorCounty
HealthDepartmentlaboratoriesTable1Nohumancases
ofWEEweredetectedandtherewasnoevidenceofVene
zuelanequineencephalitisVEEinCalifornianoranyre
surgenceofthisdiseaseintheCentralandNorthernareasof
MexicowhichwereaffectedinpreviousyearsHowever5
casesofSLEwereconfirmedasshowninTable21a62
yearoldwomanfromRiversideCountyonsetJuly192
a17yearoldgirlfromKernCountyonsetAugust123a
29yearoldwomanfromSanJoaquinCountyonsetAugust
24whovisitedinButteCountyshortlybeforeherillness
butwhosemosquitoexposurewasmostlikelyinherhome
environmentandtwocasesinSanDiegoCountydetected
bythelocalPublicHealthLaboratoryandconfirmedby
theStateViralandRickettsialDiseaseLaboratory4a12
yearoldboywithonsetSeptember5andexposuremost
likelyinaSanDiegosuburbanareaand5a31yearold
manpresumablyexposedinImperialCountyonsetOctober
10Neutralizationhemagglutinationinhibitioncomple
mentfixationandindirectfluorescentantibodymethods
wereallusedtoconfirmthesediagnosesThepatientsallre
coveredwithoutsequelaeNofatalityfromWEEorSLEhas
beenrecordedinCaliforniasince1962

ThisstudywassupportedinpartbyGrantAI01475fromthe
NationalInstituteofAllergyandInfectiousDiseasesNationalInsti
tutesofHealthUSPublicHealthServiceDepartmentofHealth
EducationandWelfare

2ViralandRickettsiaDiseaseLaboratoryandInfectiousDisease
Section

3VectorControlSection
4VeterinaryPublicHealthUnit
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Fiftysixclinicallysuspectequinecaseswerereportedto
theDepartmentbutonly2casesofWEEcouldactuallybe
confirmedbyserologictestsa1yearoldunvaccinated
horsefromYoloCountywithonsetAugust12anda4
montholdunvaccinatedcoltfromShastaCountywithon
setSeptember4Table3

Themosquitotestingprogramwascarriedoutasusual
bytheStateVectorControlSectionlocalmosquitoabate
mentDistrictsandtheStateViralandRickettsialDisease
LaboratoryOf4838mosquitopoolstestedinsuckling
micetheyieldwas281virusisolatesthehighestrecovery
rateinrecentyearsTables47Therewere97isolatesof
WEEvirusand75ofSLEvirusmostlyfromImperial
Countywheremosquitocollectionwasemphasizedbecause
ofconcernthatVEEmightmovenorthwardfromMexico
Inaddition74strainsofTurlockvirus26ofHartPark
virus3ofCaliforniaencephalitisvirus2ofMainDrain
virus3ofBunyamweragroupvirusand1asyetunident
ifiedviruswereisolated

DespitethefrequencyofTurlockandHartParkvirus
isolationsfromCulextarsalisthecommonandefficient
vectorforWEEandSLEviruseslittleornoevidenceof
humanorequineillnessorevenofinfectionwiththese
viruseshasbeenobtainedinCaliforniaAnddespitethere
centoccurrenceofCaliforniaencephalitisvirusinmosqui
toesaftermanyyearsapparentabsencefromtheStateno
humancasesofdiseasehavebeendetected

Theonlyotherarbovirusdiseaseofsignificanceduring
1973wasColoradotickfeverAtotalof25casesoccurred
thelargestnumbersincerecordkeepingbeganin1954
bringingthetotalprovencasesinCaliforniato162

ACKNOWLEDGMENTTheassistanceandcooperation
ofmanystaffmembersoftheViralandRickettsialDisease
LaboratorytheVectorControlSectionandothersinthe
CaliforniaStateDepartmentofHealthaswellasoflocal
mosquitoabatementdistrictsandotherlocalcountystate
andfederalagenciesincarryingoutthesurveillanceprogram
aregratefullyacknowledged
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Table1HumanstestedserologicallyformosquitobornearbovirusesbytheViralandRickettsialDiseaseLaboratory
CaliforniaStateDepartmentofPublicHealthandbycountyhealthdepartmentlaboratoriesbycountyofresidenceand
monthofillnessonsetCalifornia1973

COUNTY

California

TOTAL JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC UNR

Alameda 18 1 1 1 2 5 2 1 1
Butte 15 1 1 3 1 3 4 1 1
Colusa 2 1 1
ContraCosta 33 1 4 8 4 5 7 1 3
Fresno 268 16 26 28 56 64 18 30 12 16 2

Glenn 3 1 2
Imperial 3 1 1 1
Inyo 1 1
Kern 48 1 3 7 8 6 3 6 2 12
Kings 1 1

Lake 5 3 2
Lassen 1 1

LosAngeles 52 1 5 11 11 5 4 12 1 2
Marin 14 2 3 2 3 1 1 2
Mendocino 4 2 2

Merced 1 1
Modoc 1 1

Monterey 6 1 2 1 2
Nevada 6 1 4 1
Placer 4 1 1 2

Riverside 13 5 5 1 1 1
Sacramento 79 1 23 16 13 15 4 7
SanBernardino 17 2 3 4 3 2 1 1 1
SanDiego 75 2 13 12 10 13 13 6 4 2
SanFrancisco 92 1 1 12 11 19 12 12 8 6 10

SanJoaquin 19 2 3 5 2 4 3
SanLuisObispo 3 1 1 1
SanMateo 47 1 4 4 5 11 7 5 8 2
SantaBarbara 21 3 2 5 5 1 5
SantaClara 92 1 1 2 9 5 17 21 14 10 3 9

SantaCruz 12 2 3 1 5 1
Shasta 6 2 1 3
Siskiyou 2 2
Solano 11 1 1 1 1 4 1 1 1
Sonoma 13 2 2 1 2 1 2 1 2

Stanialaua 12 2 6 3 1
Sutter 2 1 1
Tehama 8 1 3 2 2
Tulare 5 1 3 1
Tuolumne 1 1

Ventura 5 1 2 1 1
Yolo 16 3 3 1 3 1 2 1 1 1

Total 1037 16 4 7 16 104 139 193 193 132 96 52 16 69

TestedbyCountyHealthDepartmentLaboratoryincludes9patientstestedbyStateVRDL
TestedbyCountyHealthDepartmentLaboratoryincludes12patientstestedbyStateVRDL
TestedbyCountyHealthDepartmentLaboratoryincludes10patientstestedbyStateVRDL

ETestedbyCountyHealthDepartmentLaboratoryincludes4patientstestedbyStateVRDL
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1

LO
62

female

Blythe
Riverside
County

no

specific
exposure

stated

2

AA
17

female

Bakersfield
Kern
County

probable
mosquito

exposure
at

Hart
Park

3

LH
29

female

Stockton
San
Joaquin

County
possible
mosquito

exposure
while
water
skiing
in

Delta
August
12

and
16
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visited
Chico
August
18
19

4

KH
12

male

Mesa
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Diego
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probable
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at
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near

his
home

SLE
virus
isolated
from
C

pipit

5

ES
31
male

Spring
Valley
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Diego
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probable
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exposure
near

Picacho
Colorado
River
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30
possible

exposure
on
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mechanic

in

Santee
Lakes

area
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Table3SuspectedclinicalcasesofarbovirusencephalitisinequinesbycountyandmonthforCalifornia1973

COUNTY
MONTHOFONSET

Undetermined

Feb March April May June July Aug SeptOct Nov Dec ornottested Totals

Totals 1 1 2 7 9 3 5 18 6 3 1 1 6 63

Butte 1 1 2
ContraCosta 1 1 2

Glenn 1 1
Humboldt 1 1

Imperial 1 1 1 1 4
Kern 1 1 1 1 4
Lake 1 1 2

LosAngeles 2 1 3
Marin 1 1

Mariposa 1 1

Mendocino 2 1 3
Placer 1 1

Riverside 2 1 1 4
Sacramento 1 1

SanBernardino 1 1

SanDiego 2 2 1 5
SanJoaquin 1 1 1 1 1 5
SantaBarbara 1 1 2

SantaClara 2 1 1 4
Shasta 2 2 4

Sonoma

Teheoma

Trinity
Tuolumne
Yolo

Yuba

1

1

1 1
1 2

1 1

1 1 1 4
l 1 1 3
1 1

InadequateserumspecimensavailablefortestingComplementfixationtestsperformedbytheViralandRickettsial
DiseaseLaboratoryCaliforniaStateDepartmentofHealth

OnlytwocasesconfirmecserologicallyforWEEa1yearoldhorsewithoreetinAugustfromYoloCountywithno
historyofvaccinationrisingantibodytitersof18to132takentwoweeksapartanda4montholdcoltfrom
ShastaCountywithonsetinSeptembernohistoryofvaccinationtheantibodytiterrisingfrom164to1256on
samplestakentwoweeksapart
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County April May June July August September October Total

Colusa

I
HartPark1 Turlock1 I WEEi Turlock1WEE1

HartPrk1
Imperial SLE1

Turlock1
SLE1
Turlock12
MainDrain1

SLEi2 SLE18
Turlock15 Trlock4
WEE36 WEE32

Unident1

SLE7
Turlock1
MainDrain1
WEE4

SLE9
Turlock2

SLE48 WEE72
Turlock35
MainDrain2
Unidt d

Kern Turlock1 SLE2
CEV1

SIE2CEV1

Turlock1
HartPark4Kings HartPark2 HartPark2

Lassen SLE1
Turlock1

SLE1
TurlockQ

Madera iHartPark1 HartPark1
Turlock1

Turlock1
HartPak2
Turlock1
HartPark1

Merced HartPark1
Turlock1

Placer Turlock1 Turlock1
Riverside

SLE9WEE4
Turlock1

SLE2WEE4
Turlock1

SanBernardino

E3
Turlock1
SLE4
HartPark3

CEV1

Turlock1
SIE3
Bunyamwera
Group1
MainDrain1

CEV1

SLEHartPark4
Turlock13
BunyamweraGroup1
MainDrain1

SanDiego Turlock3 Turlock4
HartPark1

Turlock4

SanJoaquin HartPark3

Turlock1
Turlock1
HartPark3

Shasta BartPark1 HartPark1
Turlock1

Turlock1
HartPark2

Stanislaus HartPark1 HartPark2 WEE1 Hart Park
WEE1

Sutter HartPark1 HartPark4
Turlock2

WEE1
CEV1
Turlock1

Turlock3WEE1
HartPark5CEV1

Tehama HartPark1 HartPark1
Tulare Turlock1 SLE1 SLE1

Turlock1
Ventura Turlock1 Turlock1

MojaveArizona SLE3
WEE4

SLE3
WEE

YumaArizona Turlock4 SLE4
Turlock7
WEE10

SLE1
Turlock1
WEE2

SLE3 Bunyamwera
Group1

SLE8WEE12
Turlock12
BunvamweraGroup1

SLE75
Turlock74
WEE97
HartPark26
MainDrain3
CEV3
BunyamweraGroup2
Unidentified1

TOTALS SLE1 SLE1
Turlock1 Turlock16

HartPark2
MainDrain1

sLE16
Turlock25
WEE4
HartPark5

SLE21
Turlock16
WEE38
HartPark14
Unident1

SLE17 siE16 SLE3
Turlock12 Turlock3 Turlock1
WEE11 WEE1 WEE1
HartPark2 HartPark3MainDrain1
MainDrain1 CEV1 CEV1
CEV1 Bunyamwera Bunyamwera

Group1 Group1

2 20 92 89 44 25 8 281isolates
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Table6VirusesisolatedfrommosquitoesbytheViralandRickettsialDiseaseLaboratoryCaliforniaStateDepartment
ofHealthbycountyandmonthofcollection1973
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Table7ViralisolatestrammosquitopoolsbytheViralandRicketteialDiseaseLaboratoryCaliforniaStateDepartment
ofHealth1973

Identifying County Place Date Species Number Isolate

Number Collected inpool

V53133 Imperial Seeley 44 Culaxtarsalis 50 SLE

V53255 Imperial Winterhaven 45 Ctarsalia 50 Turlock

V53408 Imperial Calexico 51 Ctarealie 50 Turlock

V53420 Imperial Calexico 51 Ctarsalie 50 Turlock

V53446 Imperial Calexico 51 Ctarealis 50 Turlock

V53455 Imperial Calexico 51 Ctarsalie 50 Turlock

V53466 Imperial Calexico 51 Ctarsalis 50 Turlock

V53478 Imperial Calexico 51 Ctarsalis 50 Turlock

V53500 Imperial Westmoreland 51 Ctarsalis 50 Turlock

V53535 Imperial Niland 52 Ctarsalis 50 Turlock

V53573 Imperial Winterhaven 53 Ctarsalis 51 Turlock

V53694 Imperial Winterhaven 53 Ctarsalis 50 Turlock

V53723 Imperial Winterhaven 53 Ctarsalis 27 Turlock

V53755 Imperial Winterhaven 53 Ctarsalis 54 Turlock

V53779 Imperial Winterhaven 53 Avexsns 50 SLEldninDrain

V53974 YumaArizona Yuma 54 Ctarsalis 50 Turlock

V53989 YumaArizona Yuma 54 Ctarsalis 50 Turlock

V54018 YumaArizona Yuma 54 Ctarsalis 50 Turlock

V54021 YumaArizona Yuma 54 Ctarsalis 50 Turlock

V41241 Kings Lemoore 529 Ctarsalis 50 HartPark

V41253 Kings Lemoore 529 Ctarsalis 50 HartPark

V54031 Imperial Holtville 65 Ctarsalis 47 Turlock

V54040 Imperial Calexico 65 Ctarsalis 50 SLE

V54082 Imperial Calexico 65 Ctarsalis 50 WEE

V22008 Stanislaw Newman 66 Ctarsalis 17 HartPark

V54094 Imperial Calipatria 66 Ctarsalis 50 Turlock

V54098 Imperial Calipatria 66 Ctarsalis 50 Turlock

V54102 Imperial Seeley 66 Ctarsalis 50 Turlock

V54103 Imperial Seeley 66 Ctarsalis 50 Turlock

V54104 Imperial Seeley 66 Ctarsalis 48 WEE

V54119 Imperial Brawley 66 Ctarsalis 50 SLE

V54120 Imperial Brawley 66 Ctarsalia 50 WEE

V54121 Imperial Brawley 66 Ctarsalis 50 SLE
V54123 Imperial Brawley 66 Ctarsalis 50 SLE

V54125 Imperial Brawley 66 Ctarsalis 54 Turlock

V54140 Imperial Niland 66 Ctarsalis 50 WEE

V54142 Imperial Niland 66 Cerythrothorax 50 WEE

V54149 Imperial Westmoreland 66 Ctarsalis 50 WEE

V54152 Imperial Westmoreland 66 Ctarsalis 50 WEE

V54155 Imperial Westmoreland 66 Ctarsalis 50 WEE

V54162 Imperial Westmoreland 66 Ctarsalis 50 WEE

V54163 Imperial Westmoreland 66 Ctarsalis 50 WEE

V54165 Imperial Westmoreland 66 Ctarsalis 50 WEE

V54176 Imperial Andrade 67 Ctarsalis 50 WEE

V54177 Imperial Andrade 67 Ctarsalis 50 WEE

V54178 Imperial Andrade 67 Ctarsalis 50 WEE

V54179 Imperial Andrade 67 Ctarsalis 12 SLE

V54187 Imperial Winterhaven 67 Ctarsalis 50 WEE

V54192 Imperial Andrade 67 Ctarsalis 50 WEE

V54201 Imperial Winterhaven 67 Ctarsalis 50 Turlock

V54206 Imperial Winterhaven 67 Ctarsalis 50 WEE

V54234 Imperial Winterhaven 67 Ctarsalis 45 WEE
V54236 Imperial Winterhaven 67 Ctarsalis 50 Turlock

V54 Imperial Winterhaven 67 Ctarsalis 50 Turlock
V54244 Imperial Winterhaven 67 Ctarsalis 50 SLE

V54247 Imperial Winterhaven 67 Ctarsalis 50 Turlock
V54251 Imperial Winterhaven 67 Ctarsalis 50 SLE

V54255 Imperial Winterhaven 67 Ctarsalis 50 WEE

V54256 YumaArizona Yuma 67 Ctarsalis 50 SLE Turlock
V54257 YumaArizona Yuma 67 Ctarsalis 50 Turlock

V54258 YumaArizona Yuma 67 Ctarsalis 50 WEE

V54260 YumaArizona Yuma 67 Ctarsalis 50 SLE Turlock

V54261 YumaArizona Yuma 67 Ctarsalis 50 WEE

V54262 YumaArizona Yuma 67 Ctarsalis 50 WEE

V54263 YtzaArizona Yuma 67 Ctarsalis 50 WEE

V54264 YumaArizona Yuma 67 Ctarsalia 50 WEE

V54265 YumaArizona Yuma 67 Ctarsalia 50 Turlock

V54269 Imperial Winterhaven 67 Ctarsalis 51 Turlock

V54273 Imperial Winterhaven 67 Ctarsalis 50 WEE

V54274 Imperial Winterhaven 67 Ctarsalis 50 SLE



Table7continued

Identifying County Place Date
Number Collected

Species Number

inpool
Iaolate

V54275 Imperial Winterhaven 67 Ctarsalis 50 WEE
V54277 Imperial Winterhaven 67 Ctarsalis 50 SLE
V54278 Imperial Winterhaven 67 Ctarsalis 50 WEE
V54281 Imperial Winterhaven 67 Ctarsalis 50 SLE
V54282 Imperial Winterhaven 67 Ctarsalis 50 WEE
V54285 Imperial Winterhaven 67 Ctarsalis 50 WEE
V54286 Imperial Winterhaven 67 Ctarsalis 50 Turlock
V54287 Imperial Winterhaven 67 Ctarsalis 50 WEE
V54293 Imperial Winterhaven 67 Ctarsalis 50 WEE
V54294 Imperial Winterhaven 67 Ctarsalis 50 Turlock

V54300 Imperial Winterhaven 67 Ctarsalis 50 WEE
V54301 Imperial Winterhaven 67 Ctarsalis 50 WEE
V54302 Imperial Winterhaven 67 Ctarsalis 50 WEE
V54306 Imperial Winterhaven 67 Ctarsalis 50 WEE
V61092 Imperial Winterhaven 68 Ctarsalis 17 WEE
V61093 Imperial Winterhaven 68 Ctarealis 50 SLE
V61094 Imperial Winterhaven 68 Ctarsalis 50 WEE
V61095 Imperial Winterhaven 68 Ctarsalis 50 SLE
V61096 Imperial Winterhaven 68 Ctarsalis 50 WEE
V61097 Imperial Winterhaven 68 Ctarsalis 50 WEE

V61107 Imperial Winterhaven 68 Ctarsalis 50 WEE
V61112 YumaArizona Yuma 68 Ctarsalis 50 TurlockV61114 YumaArizona Yuma 68 Ctarsalis 50 Turlock
V61115 YumaArizona Yuma 68 Ctarsalis 50 WEE
V61119 YumaArizona Yuma 68 Ctarsalis 50 Turlock
V61120 YumaArizona Yuma 68 Ctarsalis 50 SLE
V61123 YumaArizona Yuma 68 Ctarsalis 50 WEE
V61131 Imperial Winterhaven 68 Ctarsalis 50 Turlock
V61132 Imperial Winterhaven 68 Ctarsalis 50 WEE
V61133 Imperial Winterhaven 68 Ctarsalis 43 Turlock

V61148 YumaArizona Yuma 68 Ctarsalis 50 WEE
V61149 YumaArizona Yuma 68 Ctarsalis 50 WEE
V61152 YumaArizona Yuma 68 Ctarsalis 50 SLE
V61154 YumaArizona Yuma 68 Ctarsalis 50 WEE
V41275 Kings Lemoore 613 Ctarsalis 11 HartPark
V41277 Kings Lemoore 613 Ctarsalis 40 HartPark
V21515 Sutter PleasantGrove 614 Ctarsalis 50 HartPark
V56151 SanDiego Escondido 628 Ctarsalis 27 Turlock
V56121 SanDiego ChulaVista 629 Ctarsalis 50 Turlock
V56123 SanDiego ChulaVista 629 Ctarsalis 51 Turlock

V56128 SanDiego SanYsidro 629 Ctarsalis 35 HartPark
V54417 Imperial Calexico 73 Ctarsalis 9 SLE
V54421 Imperial Calexico 73 Ctarsalis 7 SLE
V54427 Imperial Holtville 73 Ctarsalis 50 WEE
V54428 Imperial Holtville 73 Ctarsalis 50 WEE
V54430 Imperial Holtville 73 Ctarsalis 43 SLE
V54432 Imperial Seeley 73 Ctarsalis 50 SLE
V54435 Imperial Holtville 73 Ctarsalis 19 SLE
V54440 Imperial Holtville 73 Pconfinnis
V54443 Imperial Calexico 73 Ctarsalis

50
Turlock50 Turlock

V544 Imperial Calexico 73 Ctarsalis 34 WEE
V54446 Imperial Calexico 73 Ctarsalis 50 WEE
V54449 Imperial Calexico 73 Ctarsalis 50 WEE
V54450 Imperial Calexico 73 Ctarsalis 50 WEE
V54451 Imperial Calexico 73 Ctarsalis 50 SLE
V54452 Imperial Calexico 73 Ctarsalis 50 WEE
V54456 Imperial Calexico 73 Ctarsalis 36 WEE
V54458 Imperial Brawley 74 Ctarsalis 61 SLEV54468 Imperial Seeley 74 Ctarsalis 50 WEE
V54469 Imperial Seeley 74 Ctarsalis 50 SLE

V54475 Imperial Westmoreland 74 Ctarsalis 50 SLE
V54476 Imperial Westmoreland 74 Ctarsalis 50 SLE
V54477 Imperial Westmoreland 74 Ctarsalis 50 SLE
V54480 Imperial Westmoreland 74 Ctarsalis 50 SLE
V54481 Imperial Westmoreland 74 Ctarsalis 50 SLE
V544 Imperial Westmoreland 74 Ctarsalis 50 WEE
V54484 Imperial Westmoreland 74 Ctarsalis 56 WEEV54489 Imperial Westmoreland 74 Ctarsalis 50 SLE
V54494 Imperial Westmoreland 74 Ctarsalis 50 SLE
V54495 Imperial Westmoreland 74 Ctarsalis 50 SLE
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Table7continued

Identifying
Number

County Place Date
Collected

Species Number

inpool

Isolate

V54497 Imperial Westmoreland 74 Ctarsalis 33 WEE

V54498 Imperial Niland 74 Ctarsalis 50 SLE

V5450 Imperial Seeley 74 Ctarsalis 46 SLE

V54504 Imperial Seeley 74 Ctarsalis 50 WEE

V54505 Imperial Seeley 74 Ctarsalis 50 WEE

V54506 Imperial Seeley 74 Ctarsalis 50 WEE

V54509 Imperial Seeley 74 Ctarsalis 50 WEE

V54510 Imperial Seeley 74 Ctarsalis 50 Turlock

V54511 Imperial Seeley 74 Ctarsalis 50 WEE

V54512 Imperial Seeley 74 Ctarsalis 50 WEE

V54514 Imperial Seeley 74 Ctarsalis 47 WEE

V41315 Merced Merced 75 Ctarsalis 50 HartPark

V54313 Imperial Winterhaven 75 Ctarsalis 31 WEE

V54315 Imperial Winterhaven 75 Ctarsalis 41 WEE

V54316 Imperial Winterhaven 75 Ctarsalis 4 Turlock

V54324 Imperial Winterhaven 75 Ctarsalis 48 WEE

V54326 Imperial Winterhaven 75 Ctarsalis 15 WEE

V54329 YumaArizona Yuma 75 Ctarsalis 46 SLE

V54330 Imperial Winterhaven 75 Ctarsalis 11 WEE

V54332 Yuma Yuma 75 Ctarsalis 17 WEE

V54333 YumaArizona Yuma 75 Ctarsalis 50 WEE

V54335 Imperial Winterhaven 75 Ctarsalis 50 WEE

V54339 YumaArizona Yuma 75 Ctarsalis 40 WEE

V54340 YumaArizona Yuma 75 Ctarsalis 24 Turlock

V21559 Sutter PleasantGrove 76 Ctarsalis 41 HartPark

V21562 Placer Lincoln 76 Ctarsalis 50 Turlock

V54341 Riverside Blythe 76 Ctarsalis 7 SLE

V54351 Imperial PaloVerde 76 Ctarsalis 19 Turlock

V54353 Riverside Blythe 76 Ctarsalis 17 WEE

V54354 Riverside Blythe 76 Ctarsalis 28 WEE

V54360 Riverside Blythe 76 Ctarsalis 4 WEE

V54365 Riverside Ripley 76 Ctarsalis 22 WEE

V54372 Riverside Blythe 76 Ctarsalis 38 SLE

V54374 Imperial PaloVerde 76 Ctarsalis 20 WEE

V54381 Imperial PaloVerde 76 Ctarsalis 50 WEE

V54383 Imperial PaloVerde 76 Ctarsalis 50 WEE

V54384 Imperial PaloVerde 76 Ctarsalis 50 WEE

V54387 Imperial PaloVerde 76 Ctarsalis 53 Unknown

V54390 Imperial PaloVerde 76 Ctarsalis 31 WEE

V11034 Tehama Gerber 710 Ctarsalis 50 HartPark

V21574 Colusa Princeton 712 Ctarsalis 21 HartPark

V22038 SanJoaquin Escalon 712 Ctarsalis 50 HartPark

V22039 SanJoaquin Escalon 712 Ctarsalis 50 Turlock

V22044 SanJoaquin Escalon 712 Ctarsalis 50 HartPark

V22049 SanJoaquin Escalon 712 Ctarsalis 50 HartPark

V11040 Shasta PaloCedro 713 Ctarsalis 32 HartPark

V58504 Ventura ThousandOaks 714 Cpeus 50 Turlock

V22058 Stanislaus Newman 717 Ctarsalis 52 HartPark

V22063 Stanielaus MountainView 717 Ctarsalis 44 HartPark

V58001 Riverside Riverside 719 Cpeus 12 Turlock

V41332 Madera Madera 724 Ctarsalis 41 HartPark

V41346 Merced Merced 725 Ctarsalis 19 Turlock

V21587 Sutter SutterCity 726 Ctarsalis 50 Turlock

V21588 Sutter SutterCity 726 Ctarsalis 50 Turlock HartPark

V21589 Sutter SutterCity 726 Ctarsalis 50 HartPark

V21590 Sutter SutterCity 726 Ctarsalis 50 HartPark

v56179 SanDiego SanYsidro 731 Cpeus 11 Turlock

V56192 SanDiego SanYsidro 731 Ctarsalis 38 Turlock

V56208 SanDiego Santee 731 Ctarsalis 50 Turlock

V56209 SanDiego Santee 731 Ctarsalis 50 Turlock

V56236 SanDiego RanchoSantaFe 81 Ctarsalis 31 Turlock

V56238 SanDiego SanDiego 81 Ctarsalis 50 Turlock

V56240 SanDiego RanchoSantaFe 81 Ctarsalis 55 Turlock

V56261 SanDiego RanchoSantaFe 81 Ctarsalis 56 Turlock

V11066 Lassen Wendel 82 Ctarsalis 50 SLE

V11074 Lassen Wendel 82 Ctarsalis 50 Turlock

V54527 Imperial Holtville 82 Ctarsalis 15 WEE

V54531 Imperial Calexico 82 Ctarsalis 35 WEE

V54537 Imperial Calexico 82 Ctarsalis 50 WEE

V54588 Imperial Niland 83 Ctarsalis 47 SLE
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V21684 Sutter Sutter 83 Amelanimon 24 CEV

V21687 Sutter Sutter 83 Ctarsalis 50 WEE
V54609 Imperial Winterhaven 84 Ctarsalis 21 MainDrain
V54635 Imperial Winterhaven 84 Ctarsalis 39 SLE

V54664 YumaArizona Yuma 84 Ctaraalia 50 SLE
V54682 YumaArizona Yuma 84 Cerythrothorax 50 SLE

V41380 Madera Madera 87 Ctarsalis 42 Turlock HartPark
V41383 Tulare Woodville 88 Ctarsalis 8 Turlock
V11081 Shasta PaloCedro 810 Ctarsalis 50 Turlock HartPark
V21642 Sutter Meridian 812 Ctarsalis 50 Turlock

V21648 Colusa MoonBend 812 Ctarsalis 50 Turlock

V41409 Kern Maricopa 815 Ctarsalis 36 Turlock

V59205 SanBernardino Needles 817 Ctarsalis 47 WEE SLE

V59212 Mojave Bermuda 817 Ctarsalis 50 WEE

V59214 Mojave Bermuda 817 Ctarsalis 50 WEE SLE

V59215 Mojave Bermuda 817 Ctarsalis 50 SLE

V59216 Mojave Bermuda 817 Ctarsalis 50 WEE
V59217 Mojave Bermuda 817 Ctarsalis 50 WEE
V59218 Mojave Bermuda 817 Ctarsalis 53 SLE

V59228 SanBernardino Needles 817 Ctarsalis 33 WEE

V59242 SanBernardino Needles 817 Ctarsalis 50 SLE

V59243 SanBernardino Needles 817 Ctarsalis 58 SLE

V55099 Imperial Seeley 828 Ctarsalis 30 SLE
V55118 Imperial Calexico 828 Ctarsalis 27 SLE
V55126 Imperial Calexico 828 Ctarsalis 36 SLE
V55148 Imperial Seeley 829 Ctarsalis 50 Turlock
V55181 Imperial Niland 829 Ctarsalis 50 SLE
V54952 Imperial Winterhaven 830 Ctarsalis 48 SLE

V55078 YumaArizona Yuma 830 Cerythrothorax 50 SLE
V55086 Imperial Winterhaven 830 Ctarsalis 50 WEE

V56277 SanDiego Santee 95 Cpipiens 10 SLE
V56291 SanDiego ChulaVista 95 Ctarsalis 17 HartPark
V56321 SanDiego RanchoSantaFe 96 Ctarsalis 49 HartPark
V56332 SanDiego RanchoSantaFe 96 Ctarsalis 50 SLE
V56333 SanDiego RanchoSantaFe 96 Ctarsalis 50 SLE

V56334 SanDiego RanchoSantaFe 96 Ctarsalis 28 SLE HartPark
V56338 SanDiego RanchoSantaFe 96 Ctarsalis 31 Turlock
V41481 Kern Bakersfield 912 Ctarsalis 51 SLE
V41494 Kern Maricopa 912 Ctarsalis 50 SLE
V41499 Kern Maricopa 912 Ctarsalis 50 CEV

V22083 Stanislaus Newman 913 Ctarsalis 45 WEE

V41520 Tulare Woodville 918 Ctarsalis 50 SLE
V55297 Imperial Calexico 925 Ctarsalis 57 SLE
V55300 Imperial Calexico 925 Pconfinnis 39 SLE

V55317 Imperial Calexico 925 Ctarsalis 50 SLE
V55320 Imperial Calexico 925 Ctarsalis 50 SLE
V55325 Imperial Calexico 925 Ctarsalis 50 SLE
V55330 Imperial Calexico 925 Ctarsalis 50 SLE
V55332 Imperial Calexico 925 Ctarsalis 50 Turlock SLE
V55333 Imperial Calexico 925 Ctarsalis 50 SLE

V55336 Imperial Calexico 925 Ctarsalis 50 SLE
V55347 Imperial Seeley 926 Ctarsalis 50 Turlock
V55455 Yumakrizona Yuma 927 Cinornata 3 Bunyamweragroup
V21704 Colusa Maxwell 103 Ctarsalis 27 WEE
V56378 SanDiego RanchoSantaFe 104 Ctarsalis 38 Turlock
V56406 SanDiego RanchoSantaFe 104 Ctarsalis 50 SLE
V56430 SanDiego Santee 1019 Aranciscanus 4 MainDrain
V56460 SanDiego Lakeside 1019 Cerythrothorax 21 SLE
V56465 SanDiego Santee 1019 Ctarsalis 18 SLE
V56480 SanDiego Santee 1019 Cinornata 25 Bunyamweragroup

V59253 SanBernardino ParkerDam 1025 Cinornata 38 CEV


