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Californiasmosquitoabatementdistrictsaremoreor
lessatthefocusofsomeoftodaysmosthotlydebated
politicalissuesYouspendsometenmilliondollarsayear
inpropertytaxeswhichisthetaxthateveryonefromlocal
homeownerstothePresidentoftheUnitedStatessays
mustbeloweredYoumustdealwithpesticidesandallthe
relatedenvironmentalissuesinthisnewageofecologyAnd
youreffortsareaffectedbythecurrentstateadministra
tionshighlypublicizedcutsqueezeandtrimbudgetary
policies

Probablythemostvolatileoftheseissuesrightnowis
thatofpropertytaxationBecauseoftherisingcostsof
educationthetaxhasrisenprecipitouslyPropertytaxes
areincreasedvirtuallyeveryyearmostlybythecounties
andschooldistrictsPeopleareawareofitandunhappy
withitandwiththepoliticianswhoyearafteryearhave
failedtodeliverontheirpromisesofpropertytaxrelief
NowthecourtshavetakenaninterestandthePresident
promisespropertytaxrelieffinancedbythefederalgovern
ment

Thelevelofpropertytaxesbearsnorelationshiptothe
amountandthequalityofthegovernmentservicestheypay
forSomepropertytaxpayersreceivealowlevelofgovern
mentserviceswhileothersreceiveahighlevelofgovern
mentservicesatthesametaxrateAnditisfarfromeasyto
assignresponsibilityunderthissystemoftaxationNearly
6000overlappingunitsoflocalgovernmentimposeproper
tytaxesinCaliforniaEventhemostknowledgeablecitizen
hasadifficulttimetracingwherehispropertytaxdollar
goesandwhatitbuys

Thepropertytaxisamuchabusedmuchresented
sourceofincomebutitisnotaninvalidoneForallits

faultsithasitsmeritsIndeeditisessentialtomaintaining
thebalanceofgovernmentswhichmakesoursystemwork

Onlythepropertytaxgiveslocalgovernmenttheflexi
bilitytoraiseortolowertaxesannuallyinsmallamounts
andthatpoweristhecoreoflocalgovernmentEliminate
thatpowerandlocalgovernmentbecomesnothingmore
thananadministrativeunitforthestateandnationalgov
ernments

Furthermorethepropertytaxisjustifiablebecauseit
canbeandshouldberelatedcloselytoservicesthatbenefit
propertySchoolshavealwayshadatbestatenuousrela
tionshiptopropertybenefitThereisnodirectconnection

MOSQUITOABATEMENTDISTRICTS

SenatorAlanShort

SanJoaquinCounty

31EastChannelStreetStocktonCalifornia95202
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betweeneducationalneedsofchildrenandthevalueofthe

neighborhoodstheyliveinOntheotherhandaservice
suchasthatyouprovideinsuringahealthyenvironment
andpreventingapestnuisancesurelyenhanceslocalprop
ertyvaluesandisthereforeproperlyfinancedthroughprop
ertytaxation

Propertytaxpayersarenotreallyawareofthevalueof
yourservicesuntilyoustopprovidingthemButthosetax
payersareawareofyouasapartoftheirpropertytaxbill
Thereisaveryrealdangerthatinthisconfusedwelterof
resentmentofpropertytaxesyourfunctionandtheother
legitimatefunctionsoflocalgovernmentwillbeseriously
impaired

Unpopularasitmaybewemustinsistonthevalueof
thepropertytaxforcertaingovernmentservicesandshow
thatnotalltheproblemsassociatedwiththepropertytax
arecausedbythepropertytax

Itseemstomeyoufaceasimilardilemmaintheenviron
mentfieldOntheonehandthepublicneedsandwants
mosquitoesandotherpestseliminatedbutontheother
handthereisgrowingpublicfearandoppositiontothe
methodofelimination theuseofpesticides

Thisisadilemmathatmayoutruntheabilitytoresolve
itWhilethepublicsoppositiontopesticidesisgrowingso
isthemosquitosbiologicalresistancetochemicalpesti
cidesTheStateDepartmentofPublicHealthestimatesthat
mosquitoesintenpercentoftheirrigatedpasturesinabate
mentdistrictsarealreadyuncontrollableandthatpercent
ageisgrowingrapidly

Iknowthatincreasinglyyouarereturningtoolder
formsofbiologicalcontrolbutthosemethodscannotpos
siblykeepupwiththeneedforcontrolThisfactcoupled
withtherisinghumansusceptibilitytoencephalitisresulting
fromthemanyyearsofsuccessfulmosquitocontrolmakes
theneedforapplyingnewtechnologyinthisfieldliterally
alifeanddeathmatter

Thisitseemstomeisaproperroleforstategovern
mentNormallythestatewouldbepursuingresearchinthis
fieldbutthesearenotnormaltimesThestudieswhich
wereinprogressattheUniversityofCaliforniahavebeen
discontinuedbecauseoftheGovernorscutsintheUniver

sitysresearchbudgetAnewlybegunstudyofmosquito
habitatbytheStateDepartmentofPublicHealthisalso
threatenedwithbudgetelimination
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PoliticallyspeakingCaliforniasmosquitoabatementdis
trictsfaceaprecariousfutureYoufaceastateadministra
tionwhichiswillingtoperpetuateitseconomyimageatthe
expenseofimportantscientificresearchAndyoufacean
electoratethatisincreasinglyresentfulofyoursourceofin

Ihavebeenaskedtoprovideanintroductoryoverview
ofCaliforniasInterestinthe1971VenezuelanEquine
EncephalitisOutbreakinMexicoandTexasandtomoder
atethefollowingpresentationsbyanoutstandingpanelwho
willreviewtheeventsofthispastsummer

Californiahaslongbeenconcernedwiththeprotection
ofitshorseandhumanpopulationsfromthesemosquito
bornevirusesthatcancauseinflammationofthebrainen

cephalitisTheinterestoriginatedhistoricallyintheearly
partofthiscenturywhenepizooticsragedinthehorsepop
ulationsofthisandotherwesternstatesInthe1920sand

early1930sthediseasewassevereenoughtothreatenour
agriculturaleconomythatdependedonhorsepowerThe
pioneeringstudiesbyDrKFMeyerandhiscoworkers
fromtheUniversityofCaliforniaestablishedthatviruses
causedencephalitisanditwassoonlearnedthatatleastthree
virusesWesternequineencephalomyelitisWEEStLouis
encephalitisSLEandEasternequineencephalomyelitis
EEEoccurredinNorthAmericaandweretransmittedby
mosquitoesInsubsequentyearsadditionalviruseswereiso
latedfrommosquitoesgnatsandticksandtheirwildlife
hostssothatDrJamesHardycouldreporttoyourannual
Conferencein1970onourknowledgeof15suchviruses
thatoccurinCaliforniaHeinformedyouthatWEESLE
CaliforniaencephalitisPowassanRioBravoBatModoc
andColoradoTickFevervirusesallhadbeenassociatedwith

illnessesandthatWEESLETurlockMainDrainandBlue
tongueviruseswereassociatedwithseriousillnessesofdo
mesticmammals

Intheensuingyearssincemosquitoeswereunveiledas
importantcarriersofvirusesinCaliforniatherehasdevelop
edinthestateoneoftheworldsoutstandingprogramsof
researchandvectorcontrolMuchoftheapproximate
11000000annualbudgetfororganizedmosquitocontrol
inthestateisdirectedspecificallyatCulextarsalisasthe
principalendemicandepidemicvectorIfyoureviewthe
recordofprovencasesofencephalitisinpersonswhoresid
edinthestateyoufindtherewere640laboratoryconfirm
edWEEcasesand435confirmedSLEcasesduringthe
19501970periodHoweverwhenyouexaminetherecord
furtherthereisaconstantDecreaseintheannualincidence
ofcasesintheperiodsince1960untilinthepastseveral
yearsthereareonlyoneortwocasesTheaboverecordisin

come thepropertytax

UniversityofCalifornia

SchoolofPublicHealthBerkeleyCalifornia94720

PANEL CALIFORNIASINTERESTINTHE1971VENEZUELANENCEPHALITIS

OUTBREAKINMEXICOANDTEXAS

MODERATOR WilliamCReeves

Itwouldseemthatyouhaveaverydifficultsellingjob
aheadbutitisworthwhileIcanassureyouofthesupport
andappreciationofmanyofusintheLegislature

markedcontrasttoanannualincidenceofover100casesin

the1940sandapeakof420casesin1952Mypersonalbe
liefisthattheprecedingtrendrepresentsaproudrecordfor
mosquitocontrolinthisstate

Whiletheprecedingsearchforscientificknowledgeand
establishmentofacontrolprogramwasbeingaccomplished
thepublichealthandresearchestablishmentsofCalifornia
weremaintaininganinternationalwatchwithreferenceto
twomosquitobornevirusesVenezuelanequineencephalo
myelitisVEEandJapaneseBencephalitisItisbelieved
thatthesehaveanepidemicpotentialinthehumanand
horsepopulationsofourstateiftheyareintroducedVEE
virusespeciallyhasbeenintermittentlysurgingandreced
ingoveranextensiveareaofSouthandCentralAmerica
sinceitsdiscoveryinVenezuelain1938By1963weknew
VEEviruswasendemicintherodentsandmosquitoesof
southernMexicoandFloridaBythespringof1971we
knewtheepizooticandepidemicvariantofVEEviruswas
activeovermuchofCentralAmericaandhadextended

northwardalongtheGulfCoastofMexicoSeveralexperts
loudlypredictedthatVEEviruswouldinvadeTexasand
othersoutherntierstatesin1971unlessdrasticandimmedi
ateactionwastakenbeforesummerTexasseemedtobethe

mostlikelyportofentrybutCaliforniasharedinthecon
cernCaliforniasconcernscanbesummarizedasfollows

1WehadjustwonamajorbattletocontrolWEEandSLE
andcertainlyhadnoneedforintroductionofanewvirus

2Ourhorseandhumanpopulationswerehighlysuscepti
bletoVEEvirusastherewasanepidemicpotential

3Anumberofourmostabundantmosquitospecieswould
becompetentvectorsofVEEvirusandtheseincluded
CulextarsalisAedesnigromaculisAedesvexansPsoro

phoraconfinnisandAnophelesfreeborni

4Iftheviruswasintroducedepidemiclosseswouldbehigh
controlwouldbecostlyandtherecouldbenoassurance
thattheviruswouldnotbecomeestablishedpermanently
inthestate

5Wehadtointensifyourdiseasedetectionsystemtorap
idlyidentifyvirusentryandbroadenourdiagnosticabil
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AsmostofyouknowVEEvirusdidgainentryinto
TexasinJune1971broadnewscoverageandadefensive
programweredevelopedinCaliforniaandthepurposeof
todaysprogramistoreview
1TheeventsinTexaswhenthediseasebrokeoutinhorses 5

andpeople

PANEL THECENTERFORDISEASECONTROLACTIVITIES

CenterforDiseaseControlCDCinvestigatorsfromthe
EpidemiologyProgramandtheLaboratoryDivisionin
AtlantaandtheEcologicalInvestigationsProgramFortCol
linsLaboratoriesinColoradohavecollaboratedinfieldand
laboratorystudiesoftheVEEinvasionofthelowerRio
GrandeValleyofTexasBytheendoftheseasontherehad
been86isolationsoftheepidemicstrainofVEEfrom
equinesand88laboratoryconfirmedhumancasesThe
mostrecentisolationfromequineswasfromaspecimen
collectedonNovember71971andthelastonsetofahu
mancasewasonOctober21971

VirusisolationsintheAtlantalaboratoriesrevealeda

widerangeofmosquitoesinfectedwithVEEvirusThese
includedelevenspeciesfromfivegeneramostlyAedesand
PsorophoraThissuggeststhatepizootictransmissionmay
becarriedoutbyavarietyofspecieswhichfeeduponthe
epizooticreservoirhostequinesaswellasotherlargeani
malsIfVEEreachessouthernCaliforniaspeciessuchas
AedesdorsalisandAedesmelanimonmightwellbecomein
volvedasepizooticandepidemicvectors

AnimportantquestionyettoberesolvediswhetherVEE
hasorwillbecomeestablishedinanenzooticorendemic

cycleinpermanentfociFortheknownendemicstrains
thisinvolvesentirleydifferentvectorspeciesCulexmos
quitoesofthesubgenusMelanoconionandreservoirhosts

Venezuelanequineencephalitiswasthenumberoneag
riculturalstoryintheUnitedStatesforanumberofweeks
duringthesummerof1971RadioTVandpresscoverage
wasgreaterthanforanysingleactivityoftheDepartmentof
Agricultureinrecentyears

3

4

ArchieDHess

EcologicalInvestigationsProgram

PostOfficeBox551FortCollinsColorado80521
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ThecontroleffortsinTexasandotherpartsoftheUnit
edStates

Theeconomicandpoliticalimpactsoftheprogram

ThecurrentstatusandfuturepotentialforVEEactivity
inTexasandMexico

ThespecificactionstakeninCaliforniain1971andour
projectedconcernsfor1972

rodentsinsteadofequinesPreliminarystudiesbytheFort
CollinsstaffintheepidemicareaindicateahighVEEin
fectionrateinjackrabbitsanddesertcottontailsThissug
geststhatvectorsotherthanmosquitoessuchasCulicoides
mightbecomeinvolvedintheestablishmentofenzootic
transmissioncyclesTheFortCollinsstaffhasdetermined
thatCulextarsalisisinvolvedinwintertransmissionof

westernencephalitisanotherGroupAvirusinthelower
RioGrandeValleyThisspeciescouldprobablyserveas
bothanenzooticandepidemicvectorofVEEbecauseof
itssusceptibilitytoinfectionandthewiderangeofhosts
uponwhichitfeedsincludinghorses

CaliforniaandotherstatesborderingtheVEEoutbreak
areaarejustifiablyconcernedastowhetherVEEhasbe
comeentrenchedinenzooticfociandwhethertheremaybe
renewedenzooticandepidemicactivitythiscomingseason
CDCiscollaboratingwithStatehealthdepartmentsand
otheragenciesinanintensivesurveillanceforVEEactivity
intheoutbreakareaandtheestablishmentofmonitoring
stationstodetectanyextensionofactivityintoperipheral
areasofLouisianaOklahomaColoradoNewMexicoAri
zonaandCalifornia

DetailsofCDCinvestigationsonVEEwillappearin
forthcomingpublicationsbythevariousinvestigatorswho
haveparticipatedinthestudiesoftheoutbreak

PANEL THEUNITEDSTATESDEPARTMENTOFAGRICULTURESACTIVITIES

AGAINSTVENEZUELANEQUINEENCEPHALITIS

NorvanMeyer

USDepartmentofAgriculture

AnimalandPlantHealthInspectionServiceHyattsvilleMaryland

ThevirusdidspreadintoTexaswhereitkilledseveral
hundredhorsesalthoughnoonewilleverknowjusthow
manyAnofficialfigureof1500equinedeathsinTexashas
beengivenbutthisisanestimateTherewereatleast100
personshospitalizedbuttheremayhavebeenmanymore
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TheoutbreakwasseriousenoughthattheSecretaryofAg
riculturedeclareditanemergencyonJuly91971

ThefightagainstVEFwasabigtaskinvolvingmore
than4000personsattheheightoftheoutbreakincluding
practicingveterinariansStateandFederalpeopleDepart
mentofDefensestaffHealthEducationandWelfarestaff
miscellaneouspeoplefromGulfCoaststatesandCalifornia
andcommercialconcernswhoprovidednecessarysupplies

Theeradicationprogramconsistedofthreedifferent
parts

1thecontrolofvectormosquitoes
2thequarantineofsusceptiblehorsesand

3thevaccinationofsusceptibleanimals

FederalquarantineswereappliedtoTexasonJuly13later
toLouisianaArkansasOlahomaNewMexicoandMissis
sippiHorsesmovingfromthesestatesrequiredacertificate
ofhealthinspectionandavaccinationatleast14daysprior
tomovement

TheUSDepartmentofAgriculturefurnishedVEE
vaccineforhorsesinthestatesofTexasNewMexicoAri
zonaCaliforniaLouisianaOklahomaArkansasMississippi
AlabamaGeorgiaFloridaSouthCarolinaNorthCarolina
VirginiaMarylandDelawareNewJerseyTennesseeand
KentuckyTheDepartmentalsopaidprivatepracticingvet
erinariansinthesestatesforthecostofadministeringthe
vaccineInaperiodofaboutthreemonthsnearly3000000
horseswerevaccinatedSinceAugust251971acommer
ciallylicensedvaccinehasbeenavailableandprivatepracti
tionershaveapplieditinmanyadditionalstates

Sincemosquitoescancarrythevirusanaerialspraypro
gramwasdeemedappropriateandnecessaryThisproved
tobeoneofthelargestaerialsprayprogramsforcontrolof
insectvectorsevercarriedoutItwasdesignedtoreducethe
vectorpopulationsinthemostcriticalareasandtodoso
asquicklyaspossibleTheseareasincludedtheGulfCoast
fromBrownsvillenorthandalongtheRioGrandeRiver
westVeryshortlyaftertheprogramwasstartedthevirus
wasfoundfarthernorththanhadbeenanticipatedsothe
controlareawasextendedfromtheFalconDamontheRio
GrandeRiverdowntotheGulfthenuptheGulfCoastover
toLakeCharlesLouisianaadistanceofabout545miles
ArrangementstosprayontheMexicosideoftheRioGrande
Riverwerecontemplatedtutcouldnotbecleared

Responsibilityfororganizingthisvectorcontrolprogram

wasassignedtothePlantProtectionDivisionoftheAgricul
tureResearchServiceSprayplanesofmanytypeswere
usedninePV2snineDC3sthreeB17stwoC46sone
ConstellationandoneLodestarTheDepartmentofDe
fensefurnishedelevenC123sandeightC47sAgroundto
aircommunicationsfacilitywasestablishedTherewere
chaseplanestodeterminethattheproperareaswerecov
eredOntwosuccessivedaysmorethanonemillionacres
weresprayedAbout127millionacresweresprayedinthis
programforthemostpartrepresentingsinglecoverage
Someofthiscoveragewasbylocalmosquitocontrolagen
ciesinTexasAmajorportionofthesprayusedwasmala
thionwithdibromalsousedincertainareasMalathionwas
usedatthreeozperacredibromat75ozperacreTotal
costofthesprayoperationwasabout25centsperacreThe
entiresprayprogramwascompletedin35days

TheEnvironmentalProtectionAgencyworkedclosely
withthisprogramandapprovalsweresuppliedintimeto
assureasuccessfulprogram

TherehavebeencriticismsthattheDepartmentofAgri
culturewasslowingettingthecontrolprogramunderway
HowevertheDepartmentwasawareoftheoutbreakin
MexicoandforecastthatitcouldreachTexasThedisease
wasoccurringinMexicoascloseasTampicoandattempts
weremadetoencouragetheMexicanstovaccinatealltheir
horsesinnortheasternMexicobuttherewasnoauthority
toactandthevaccinationswerenotdoneTheDepartment
hademergencyheadquarterssetupinTexasbeforethefirst
caseoccurredintheUnitedStatesVaccinationofhorsesin

Texaswasbegunbeforeanycaseshadoccurredinthiscoun
trybutitwasnotcompulsoryanditwasdoneattheown
ersexpenseTheSecretaryofAgriculturehadtodeclarean
emergencybeforefundscouldbemadeavailableforafull
scalecontrolprogram

TheDepartmentofDefensedevelopedtheVEEvaccine
foruseinhumansbutthevaccinehadnotbeenprovenef
fectivebycontrolledtestsinequinestoprovethatthevirus
couldnotbeincreasedinvirulencebypassagethrough
horsesIthasnowbeenproventhatthevirulenceisnot
changedbysuchprocedureAstheoutbreakmovedacross
MexicoonseveraloccasionstheMexicanauthoritiesmoved
inandvaccinatedbroadbandsaheadofthediseaseUnfor
tunatelythediseaseimmediatelyappearedjustbeyondthe
vaccinatedareasTheMexicansweresuspiciousthatthevac
cineitselfhadcausedthespreadbutthishasalsobeen
provenuntrueInTexastheUSDAvaccinatedalarge
enoughareasothattherewasnochancethattheviruscould
hopoverthevaccinatedarea



PANEL USARMYACTIVITIESINTHE1971VENEZUELANEQUINE

ENCEPHALITISOUTBREAKINMEXICOANDTEXAS

BruceFEldridge BernardASchieferandWilliamGPearson

INTRODUCTIONThehistoryofthespreadofepidemic
VenezuelanequineencephalitisVEEpresumablyfroma
focusinEcuadortonortheasternMexicoandsouthern
TexashasbeenwelldocumentedSudiaandNewhouse
1971Duringthesummerof1971individualsofgovern
mentagenciesatvariouslevelsfromlocaltofederalcontri
butedsignificantlytoeffortstocurbthespreadofthedis
easeUSArmypersonnelwereinvolvedinseveralaspects
ofthiseffortprimarilyattherequestoftheUSDepart
mentofAgricultureUSDAandtheUSPublicHealth
ServiceUSPHSTwentyentomologistsandtentechnicians
wereengagedinthefieldonafulltimebasisduringthe
heightoftheepidemicandweresupportedbymanyother
entomologistsvirologistsveterinariansandotherscientific
andtechnicalpersonnelinlaboratoriesandadministrative
officesatseveralArmyinstallationsTheywerejoinedin
mostoftheseactivitiesbyentomologistsandotherperson
neloftheUSAirForceUSAF

OneofthemostsignificantArmycontributionswasthe
developmenttestingandproductionofanattenuatedVEE
vaccineTC83attheUSArmyMedicalResearchInsti
tuteofInfectiousDiseasesFtDetrickMarylandUSAM
RIIDThevaccinehadbeendevelopedforprotectionof
laboratorypersonnelworkingwithVEEandhadbeenpro
ducedbytheserialpassageoftheTrinidadstrainofVEEin
cellcultureSpertzelandKahn1971Afterthediagnosis
ofVEEinTexasthevaccinewasreleasedtotheUSDA
whereuponnearlythreemillionhorseswereeventuallyinoc
ulatedRalphCKnowlesDVMAnimalHealthDivision
USDApersonalcommunication

InresponsetoarequestbytheUSPHSateamofArmy
entomologistswassenttosouthernTexastoconductpre
postspraysurveysofmosquitoestoevaluatetheefficacyof
themassiveaerialsprayprogramconductedcooperatively
bytheUSDAandtheUSAFThisteamwascoordinatedby
theUSArmyEnvironmentalHygieneAgencyEdgewood
ArsenalMarylandandconsistedofentomologistsofthat
agencyplusUSAFentomologists

Fromthestandpointofpersonnelinvolvedthelargest
Armyeffortwasthesurveillanceofafourstateareafora
30dayperiodtodeterminewhetherlocalmosquitopopula
tionswereinfectedwithVEETheremainderofthispaper
willdescribetheresultsofthissurveillance

PLANNINGANDORGANIZATIONOnJuly221971the
SurgeonGeneralUSPHSaskedtheSecretaryofDefensefor
supportintheformoften2mansurveillanceteamseach
consistingofanentomologistandapreventivemedicine
specialistplusnecessarylaboratorysupportSurveillancewas
requestedintenlargegeographicareasinthestatesofTexas
OklahomaArkansasandLouisianaFig1Theseareas

DepartmentofEntomologyWalterReed ArmyInstituteof
ResearchWashingtonDC

2OfficeoftheSurgeonGeneralDepartmentoftheArmyWash
ingtonDC
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formedacontinuousbandsurroundingbutoutsideofthe
thenknownVEEepidemicareainsouthernTexasTheSec
retaryofDefensedesignatedDepartmentoftheArmyDA
executiveagentandtheSurgeonGeneralDAinturnwas
givenresponsibilityforthemissionPlanningandcoordina
tionwasdonebytheHealthandEnvironmentDirectorate
OfficeoftheSurgeonGeneral

TencommissionedentomologistsnineArmyandone
AirForcewereplacedonordersfromvariouspostsand
basesintheUSandtenenlistedpreventivemedicinespe
cialistsweredrawnfromthe485thPreventiveMedicine

UnitFtSamHoustonTexasTheseindividualsformedthe
ten2manfieldteamsInadditionfiveentomologistsfrom
theWalterReedArmyInstituteofResearchWRAIRand
onefromtheFifthUSArmyMedicalLaboratorySouthern
AreaFUSAMLwereemployedforsupervisionandtech
nicalguidanceandfortheidentificationandprocessingof
mosquitospecimens

ShipmentofspecimensfromthefieldteamstoFUSAML
whichservedasabaseofoperationsandwherethespeci
menswereidentifiedandpooledwasbyArmyaviation
utilizingsmallsingleengineplanesAfteridentificationand
poolingspecimensweresenttoUSAMRIIDFtDetrick
Marylandwhereallvirusprocedureswerecarriedout

Reportsonmosquitobitingactivityandpresumptivevi
rusisolationsweresentfrequentlytotheNationalCenter
forDiseaseControlAtlantaGeorgia

TRAPPINGMETHODSSurveillanceteamstrappedsix
nightsperweeksamplingfivesiteseachnightThreeCDC
miniaturelighttrapswereusedateachsiteVariousassort
mentsofstandardArmytraps6vmotorandcommerical
traps4vmotorwithandwithoutresistorfor6vopera
tionwereusedEachmorningafterprocessingofthepre
viousnightscapturetheteamsmovedontoadifferent
areauntilsixsubareaswithineachlargegeographicareahad
beensampledThecyclewasthenrepeatedUnproductive
siteswereeliminatedEachteamthensurveyedeachofap
proximately30sitesfourtimesduringtheonemonthper
iodThehandlingofspecimenswasessentiallyasoutlinedin
SudiaandChamberlain1967Dryiceasasupplemental
attractantwasusedinallareasinitiallybutwasdiscontin
uedinthefoureasternareasbecauseoftheverylargenum
bersofmosquitoescollected

RESULTSCollectionsbeganJuly28sixdaysafterthe
dateoftherequestforassistancefromtheSurgeonGeneral
Duringthenext30days501992femalemosquitoeswere
collectedThesemosquitoeswereidentifiedpooledand
packedatFUSAMLforshipmenttoUSAMRIIDThisoper
ationrequiredapproximately1700manhoursofeffortand
wasnotcompleteduntil20daysafterthefinalcollection
wasmadeThirteenthousandonehundredninetythree
mosquitopoolsweresenttoUSAMRIIDTable1From
these29virusisolateswereobtainedTable2

Thegeographicdistributionofthevirusisolatesisshown
inFig2Twentysixoftheseisolateswerewesternequine
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Table1SpeciescollectedallareasJuly28 August
261971
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encephalitisWEEallfromsitesinwesternTexasAsingle
isolateofeasternequineencephalitisEEEwasobtained
fromTangipahoaParishLouisianaandtwoisolatesof
VenezuelanequineencephalitisVEEwereobtainedOneof
thesewasfromapoolofPsorophoraconfinniscollected
August18inValverdeCountyTexasThisisolateproved
tobetheepidemicstrainofVEETheotherisolatewasalso
fromapoolofPsorophoraconfinnisinthiscasecollected
August10inEvangelineParishLouisianaThisisolatehow
everdidnotkillguineapigsbyperipheralinoculation



Table2VirusIsolates

DATE VIRUS

31July WEE

2August EEE

5August WEE

5August WEE

5August WEE

7August WEE

9August WEE

9August WEE

10August VEE

14August WEE

16August WEE

16August WEE

16August WEE

16August WEE

17August WEE

18August VEE

19August WEE

19August WEE

19August WEE

19August WEE

23August WEE

23August WEE

23August WEE

23August WEE

23August WEE

23August WEE

23August WEE

23August WEE

23August WEE

SPECIES
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Petersonetal1972Asafollowuptothisisolation
ArmyinvestigatorsfromWRAIRreturnedtoEvangeline
ParishinNovember1971andtrappedmosquitoesandro
dentsforathreeweekperiodTheresultsofthesestudies
arenotavailableatthistime

DISCUSSIONWEEisknowntobeendemicintheirrigat
edhighplainsareasofwesternTexasHarmstonetal
1956andthe26isolatesfromthisareawerenottherefore
unexpectedTheisolateofEEElikewisewasfromanarea
fromwhichpreviousactivityofthisvirushadbeenreported
Hauser1948TheisolateofVEEfromValverdeCounty
TexaswasfromapoolofmosquitoescollectednearDelRio
ConfirmedhorsecaseswerealsoreportedfromValverde
CountyMorbidityandMortalityWeeklyReport2033
295

IncontrasttotheValverdeCountyisolatewhichwas
foundtobetheepidemicstrainofvirustheEvangeline
ParishLouisianaisolateisdifficulttoexplainSinceitdid
notkillguineapigsbyperipheralinoculationandsince
therewasnootherevidenceofVEEactivityintheentire
statein1971thepossibilityloomsthatitwasthevaccine
TC83strainofVEESpertzelandKahn1971concluded
thatthelikelihoodofestablishingahorsemosquitotrans
missioncyclewiththevaccinestrainwasextremelylowor
evenabsentbasedonexperimentalevidenceofvirustiters

7

necessaryformosquitoinfectionandvirustitersinhorses
resultingfromvaccinationTherecoveryofvirusfromanon
bloodengorgedmosquitoabdomensofbloodengorgedfe
malemosquitoeswereroutinelydissectedoffandnotin
cludedwiththepoolswouldindicatethatmosquitoinfec
tionmayoccurasaresultofvaccinationThedateofcollec
tionAugust10coincidesalsowiththeperiodofknown
vaccinationactivityinEvangelineParishFAHumphreys
DVMAnimalHealthDivisionUSDApersonalcommuni
cationThisisolatedoccurenceevenifitdoesrepresenta
caseofnaturalmosquitoinfectionbyavaccinatedanimal
doesnotfurnishenoughinformationuponwhichtospecu
lateastoitsepidemologicalsignificanceItishoweverthe
firstreportedinstanceofsuchanoccurrenceinnatureand
certainlyadditionalresearchonthesubjectisindicated

SUMMARYAsaresultofrequestsforassistancebythe
USDAandtheUSPHSUSArmyandUSAirForceper
sonnelbecameinvolvedinseveralaspectsofthe1971VEE
epidemicinMexicoandTexasInadditiontothedevelop
mentandproductionofthevaccineusedtovaccinatenearly
threemillionequinesagainstthediseaseArmypersonnel
wereusedtoconductpreandpostspraymosquitosurveys
toevaluateaerialsprayingdonebytheUSAirForceThe
largestinvolvementintermsofnumberofpeopleemploy
edwasthe30daysurveillanceofmosquitoesinafour
stateareacomprisingacontinuousbandaroundtheknown
epidemicareaOver500000mosquitoeswerecollectedand
placedinover13000poolsforvirusisolationTwentynine
virusisolates26WEE1EEEand2VEEwereobtained
OneoftheVEEisolatesfromValverdeCountyTexas
wasoftheepidemicstrainbuttheotherfromEvangeline
ParishLouisianadidnotkillguineapigsbyperipheralin
oculationandmayhavebeenduetoamosquitobecoming
infectedfromarecentlyvaccinatedhorseThiswouldbethe
firstsuchoccurrenceinnaturereported
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PANEL SOUTHERNCALIFORNIAACTIVITIESAGAINSTVEE

TelfordHWork

UniversityofCalifornia

SchoolofPublicHealthLosAngelesCalifornia

TheseriousnessofVEEinhumanbeingshasbeenover
lookedThisvirushasproducedmorelaboratoryinfections
thananyotherarbovirussometerminatingfatallyThefre
quentandprolongedpresenceinthenasopharynxprovides
theriskofnonarthropodtansmissiononcloseandprolong
edcontactToemphasizethedangerousconsequencesof
epidemicVEEoneneedonlyexaminetheexperienceof
Venezuelaandtheepizooticof196264Theyhad anequine
vaccinationprogrambutitdidnotstoptheepidemicIthas
beenestimatedthatinarationalpopulationof8000000
asmanyas100000casesoccurredmostlyinchildrenbe
causetheadultshadbeenimmunizedbyinfectionsduring
anepidemicin194243Ofthe100000cases3000may
haveinvolvedthecentralnervoussystemwithpossibly
1500deathsItwasduringthisepidemicthatthefetal
malformationswerefirstobservedattributedtoVEEvirus
infectionsduringthesecondtrimesterofpregnancyAgrad
uatefromourarbovirusprogramatUCLAstudiedalmost
90casesintheRioGrandeValleyin1971andasignificant
numberhadcentralnervoussysteminvolvement

Mexicanauthoritieshaveattemptedtoinhibittransmis
sionoftheVEEvirussinceitscrossingintoChiapasin
1969byringingtheepizooticareawithequinevaccinations
Thefactthatitleapfroggedoutofthereintootherareas
andpassedthroughalargeendemicareasouthofVeraCruz
suggeststhattherearemechanismsotherthantheclassic
equinemosquitotransmissionthatsupportmovementofthe
virus

BytheendofOctober1972therewasreportedactivity
ofVEEfromtheCasaGrandesouthoftheNewMexico
ArizonaborderandreportsfromMazatlanalsoindicated
thatitreachedthePacificCoastIneachofthewintersea
sonssince1969activitysubsidedonlytoappearagainin
thefollowingspring

8

90024

StudiesbyUCLAstaffhavedemonstratedthatthereis
virustransmissionofsomeformofarboviruseverymonth
oftheyearintheImperialValleyIn1971westernequine
encephalitiswasobtainedfrommosquitopoolsinApril
MayJuneandJulyThestaffhasreachedthefollowing
opinionsrelativetoVEE

1ThereisnoevidencethatVEEwillnotresumeepizootic
activityafterthewinterseasonnorthatitwillceaseits
northwestwardmovement

2Theequinesentinelsforappearanceofthisvirushave
beenvirtuallyeliminatedbyvaccinationinCalifornia

3TheImperialValleysupportsavariedmosquitopopula
tionthatannuallytransmitsCaliforniaencephalitisvirus
byCulisetainornatainthewinterandStLouisandwest
ernequineencephalitisvirusesbyCulextarsalisinthe
warmermonthsoftheyearThisindicatesavarietyof
vertebratereservoirsthatcouldreceiveandsupportVEE
virustransmissionshoulditbeintroduced

4IntheareawheretheAlamoRiverpassesundertheAll
AmericanCanalisahabitatwhichsupportsapopulation
ofPsorophoraconfinnismosquitoesacceptedasoneof
themostcommonlyinfectedmosquitospeciesinthe
1971epizooticinTexas

5WithCaliforniasequinesentinelsvirtuallyeliminatedby
lastsummersvaccinationprogramsurveillancemust
fallbackonattemptstoisolatethevirusfrommosqui
toesonreportsofviremiaandondetectionofanti
bodiesinmanandotherexposedvertebrates

6Everyeffortmustbemadetomonitorcontinuouslyall
systemsinthemosteffectivewayinordertodetectthe
appearanceofVEEviruswhichwouldsignaltheneedfor
avectorcontrolcampaign



TheadventofVenezuelanequineencephalitisVEEon
theUSsceneduringthesummerof1971afteritspro
gressionnorthwardthroughCentralAmericaandMexico
earliergeneratedconsiderableconcernandactivitytopre
ventthefurtherspreadofthediseaseAlthoughCalifornia
wasnotimmediatelythreatenedwehadandcontinueto
havesufficientcauseforconcernSincethereisnoevidence

thatthediseasehaseverbeenpresentinthisStateweas
sumethereisuniversalsusceptibilityinhumansequinesand
othernaturalhostsTheextensiveimmunizationprogram
forequinesbegunin1971andintensifiedmosquitocontrol
activitieswillcertainlyhelppreventtheintroductionor
subsequentspreadofVEEbutthesespecialeffortsmust
continueindefinitelyuntilitisclearthatthereisnolonger
anydangerofintroductionorspread

Californiaofcoursewasnotcaughtunpreparedsince
astrongtraditionandorganizationforsurveillanceandcon
trolofmosquitotransmittedencephalitishasbeenbuiltup
overmanyyearsWeappreciatethisopportunitytopresent
tothe40thAnnualCaliforniaMosquitoControlAssociation
ConferenceabriefoutlineofwhattheCaliforniaStateDe

partmentofPublicHealthhasbeendoingandwillcontinue
todoworkingcloselywithotherstatefederalandlocal
agenciestohelppreventVEEaswellastocontinuetheal
readyestablishedsurveillanceandcontrolprogramagainst
westernWEEandStLouisSLEencephalitis

Thatthethreatfromthesediseasesremainsisillustrated

bythelistingofhumancasesduringthepasttwodecades
showninTable1Thoughcaseshavebeenfewerinrecent
yearsviralactivityhaspersistedandstandsreadytoagain
eruptintoextensiveepidemicsshouldmosquitocontrol
falter

Abriefsummaryofpastpresentandproposedfuture
activitiesrelatingtoarbovirussurveillanceandcontrolis
showninTable2andneednotbeelaborateduponexcept
tomentionthatspecialeffortwasmadetoeducatethemed
icalcommunityonthefeaturesofVEEwhichdiffereddiag

ThisstudywassupportedinpartbyGrantAI01475fromthe
NationalInstituteofAllergyandInfectiousDiseasesNationalInsti
tutesofHealthUnitedStatesPublicHealthServiceDepartmentof
HealthEducationandWelfare
2ViralandRickettsialDiseaseLaboratory
3BureauofVectorControlandSolidWasteManagement
4VeterinarySection
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PANELSURVEILLANCEFORVENEZUELANEQUINEENCEPHALITISVIRUSAND

OTHERARTHROPODBORNEVIRUSESBYTHECALIFORNIA

STATEDEPARTMENTOFPUBLICHEALTH1971

RichardWEmmonsRichardFPetersandGeorgeLHumphrey
CaliforniaStateDepartmentofPublicHealth

2151BerkeleyWayBerkeleyCalifornia94704

nosticallyepidemiologicallyorintermsofpreventionand
controlfromthoseofWEEorSLETheresultsofthesesur

veillanceeffortsduring1971aresummarizedbrieflybelow
andintheremainderofthetables

Therewere60084mosquitoes1759poolstestedin
thegeneralvirussurveyand461mosquitoes25pools
testedinaspecialsurveyTheseareshownbyspeciescoun
tyandmonthofcollectioninTables3and4

Therewere65viralisolatesfromthemosquitoesas
showninTable5including20Turlock16westernen
cephalitis6StLouisencephalitis2Californiaencephalitis
CEgroupand21unidentifiedvirusesThelatterhave
beenshownnottobeTurlockWEESLEorCEviruses
furtherattemptsatcharacterizationareinprogress

Table1Humancasesofarthropodborneencephalitis
California195070

Year TotalWesternStLouis Deaths

1950 157 88

1951 55 22

1952 420 375

1953 36 14

1954 121 22

1955 9 6

1956 21 14

1957 26 3

1958 53 37

1959 42 2

1960 13 1

1961 10 2

1962 21 5

1963 15 3

1964 12 10

1965 10 9

1966 17 9

1967 15 7

1968 15 11

1969 5

69 2 1WEE1SLE

33

45

22

99

12

8

16

12

2

1

8

8

4

5

10 9WEE1SLE

1 SLE

2 SLE

3

7

23 1 WEE

16

40 1 SLE

1 WEE

1 SLE

aAllcasesofarthropodborneencephalitisarelaboratoryconfirmed
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Table2ArthropodbornevirusencephalitissurveillanceandcontrolactivitiesinCalifornia1971

SURVEILLANCEACTIVITIES

Priorto Waterconditionstemperature
1971 Mosquitolarvaeabundance

Mosquitoadultsabundance
Mosquitotestingforvirus
Humanillnessclinicalvirusisolationserology
Equineillnessclinicalvirusisolationserology
Sentinelchickens

Wildlifesurveysvirusisolationserology

Addedin Expansionofaboveactivities
1971 SpecialeffortonVEEeducationoflayandmedical

communityadditionalcoordinationofinter
departmentalactivities

VEEvirusaddedtoroutinediagnostictestsequines
humans

Future

Efforts

Increaseofaboveefforts
Improvediagnosticlaboratorymethods
IdentifypotentialVEEvectors
Arbovirusantibodyprevalenceinasamplesurvey

ofhumanpopulationinCalifornia
DetermineifVEEvaccineviruscanspreadtoenviron

ment01reverttovirulence

mentorreverttovirulence

Determineviruspathogenesishostviremiaorother
routesofexcretion

Costbenefitstudy
Attempttoobtainadequateresearchfunds

CONTROLACTIVITIES

Watermanagement
Mosquitolarviciding
Mosquitoadulticiding
Biologicalcontrolofmosquitoes
Personalprophylaxismosquitoes
WEEvaccinationequines
Mosquitoinsecticideresistancestudies
Otherresearchoncontrolmethods

Expansionofaboveactivities

VEEvaccinationequines
Equinequarantine

Additionalemphasisonecologicallysoundmos
quitocontrol

MaintainVEEimmunization
Increaseofaboveefforts

Vaccinateotherdomesticanimals

Specificcontrolofimportantamplifyingwild
lifehosts

Developsafermoreeffectivevaccine
Costbenefitstudy
kttempttoobtainadequatefunds

alnadditiontotheCaliforniaStateDepartmentofPublicHealthefforts valuableinformationobtainedthroughtheeffortsofnonDepartmentstudiesmosquitoabundancesurveysequineillnesssurveillanceControlactivitiesalsoinclude manyoftheseagenciesCooperatingagenciesincludemosquitoabatementagenciesCaliforniaDepartmentofAgriculturelocalhealthdepartments theFederalCenterforDiseaseControlUniversityofCaliforniaSchoolsofPublicHealthatBerkeleyDrWCReeves andLosAngelesDrTHWorkUniversityofCaliforniaDavisAgricultureExtensionServiceandprivatephysiciansandveterinarians



SPECIES JUNE JULY AUGUST SEPTEMBEROCTOBERNOVEMBERDECEMBER TOTAL

Culex

tarsalis 160349 995124220699479 6103151 99339 665 485 39463970
peus 43 6 131 8 124341 24215 1659 70
miens 6 3 9623 23816 33628 69527 918 485 1510110
erythrothorax131328 29624 2111 2 2 24 6 13713 614 2044 88

Culiseta
inornata 9 3 52 4 105 3 18 4 2913 487 105 271 39
incidens 18 2 108 4 29 1 155 7

Aedes
melanimon 65718 57321 125838 227353 22 4 4785134
vexans 40310 103835 53824 43712 50 7 22 2468 90
dorsalis 63 5 51214 15 1 8 5 598 25
nigromaculis 95 7 74 9 85732 33416 7 4 1367 68
squamiger 155 4 155 4
unidentified 25 1 25 1

Anopheles
freeborni 1 1 38 6 268048 69418 4 1 3417 74
franciscanus 1 1 20313 31 3 1 1 2 2 11 239 21
punctipennis 8 2 17 2 69 3 94 7

Psorophora
confinnis 22 3 30714 87122 1200 39

Mansonia
perturbans 13 3 13 3

Culicoides
occidentalis 500 5 500 5
unidentified 25 1 28 1 53 2

Stomoxys 68 2 68 2

TOTAL 4139128127274012948774210513032705130 34536 16719 600841759
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Table3NumbersofmosquitoesandotherDipteratestedinsucklingmicebyspeciesandmonthCalifornia1971Viral
andRickettsialDiseaseLaboratory

aTotalmosquitoespoolstestedinsucklingmice
NoteAnadditional461mosquitoes25poolsfromSutterCountyduringSeptemberweretestedThesemosquitoeswerecollectedasaspecial

studyofVEEvaccinatedequinesbytheUniversityofCaliforniaDavisAnophelesfreeborni437in16poolsCulextarsalis19in5
poolsAnophelesfranciscanus2in2poolsAedesmelanimon in1poolandCulexpeus1in1pool



COUNTY JUNE JULY AUGUST SEPTEMBEROCTOBERNOVEMBERDECEMBER TOTAL

Colusa 53312 91619 6796133 155935 9804199
ContraCosta 102 3 45018 552 21
Fresno 2 1 11 4 31213 29116 28 7 644 41
Glenn 92 2 92 2
Imperial 233 5 215386 157 5 182574 21420 11912 4701 202

Kern 23 6 18210 39 6 14710 10911 500 43
Kings 179 7 179 7
Lake
LAngeles

515

68 6
515

6
Madera 16 8 52317 87822 55922 1976 69

Marin 25 1 25 1
Mendocino 13 1 13 1
Merced 123032 104330 168843 354088 50122 8002 215
Placer 80819 124336 49120 2542 75
Riverside 172749 57935 230 6 2536 90

Sacramento 80624 75 2 881 26
SanBernardino 21525 215 25
SanDiego 212668 143 8 907 2359 83
Shasta 292763 2927 63
Siskiyou 282463 2824 63

Solano 115 5 115 5
Sonoma 85 4 60 3 145 7
Stanislaus 243 8 66025 166653 145845 4027131
Sutter 88918 181440 5 1 2708 59
Tehama 114629 206551 3211 80

Tulare 30 4 216 6 201255 87 9 2345 74
Yolo 145633 232447 199441 5774121
Arizona 19 2 5414 24216 419 487 404 48

TOTAL 41391281272740129487742105143032705130 34536 16719 600841759

12

Table4NumbersofmosquitoesandotherDipteratestedinsucklingmicebycountyandmonthCalifornia1971Viral
andRickettsialDiseaseLaboratory

aTotalmosquitoespoolstestedinsucklingmice

NoteAnadditional461mosquitoes25poolsfromSutterCountyduringSeptemberweretestedThesewerecollected asaspecialstudyof
VEEvaccinatedequinebytheUniversityofCaliforniaDavisAnophelesfreeborni437in16poolsCulextarsalis19in5pools
Anophelesfranciscanus2in2poolsmelanimon2in1poolandCulexpeus1in1pool



Table5Viralisolatesfrommosquitoestestedinthe
ViralandRickettsialDiseaseLaboratoryCaliforniaState
DepartmentofPublicHealth1971

County June July

Colusa 1Unid

Glenn

Imperial 1WEE 1Tur
7WEE

Madera

Placer

Sacramento

SanDiego
Shasta

Siskiyou
Stanislaus

Sutter

Tulare

Tehama

Yolo

TOTAL 21Unid
21Unid 1WEE
20Tur
16WEE
6SLE

2CE

4Tur

August September

1CE 2Unid
group

4SLE 1WEE
4WEE@
1Unid

2Unid4
1Unid
2Tur

4Tur
1WEE

6Unid 2Tur
2Tur 4Unid
2Unid 1Tur
2Tur 1SLE

1CE
group

1Unid 1Tur
1Tur 2WEE

1Unid

1WEE
10Unid
10Tur
7WEE

10Unid
10Tur
7WEE
5SLE
2CEgroup

9Unid

1SLE

1WEE
1SLE
2Unid

AllisolatesfromCulextarsalisunlessotherwisenoted

1TurlockvirusfromCulexpeus
1TurlockvirusfromAnophelesfranciscanus

@2WEEvirsusesfromAedesmelanimon
1WEEvirusfromAedesmelanimon

1UnidentifiedvirusfromAedesmelanimon

1CEgroupvirusfromAedesnigromaculis

AdditionalisolatesofWEESLETurlockCEandUniden
tifiedvirusesweremadebyDrsWCReevesandJHardy
ButteandGlennCountiesandDrTWorkImperial
Countyinspecialresearchprogramsincooperationwith
thisprogram
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Therewere620illpersonstestedforarbovirusesserologi
callyWEESLECEVEEduring1971including16in
dividualsespeciallysuspectforVEEbecauseofhavingfe
brileillnessfollowingrecentexposuretomosquitoesinepi
demicareasofMexicoorTexasOnlyonecaseofinfection
withepidemicVEEwasfoundinvolvinganentomologist
workinginanepidemicareaofMexicoTherewerethree

confirmedhumancasesofwesternencephalitisfromendem
icareasoftheCentralValleytwoconfirmedcasesofSt
Louisencephalitisprovenserologicallyandonepossible
caseofStLouisencephalitisthatexhibitedsuggestiveill
nessbutunusuallylateonsetandcouldnotbeconfirmed
serologicallyTable6

Bloodsamplesfrom88suspectcasesoutofatotalof
145reportedtotheDepartmentweretestedserologically
from27countiesinthestateduring1971Therewere16
positiveorpresumptivepositivecasesofWEEintencoun
tiesbetweenJuneandSeptemberTables7and8Blood

ortissuesamplesfrom79equinesintotalweretestedfor
virusbyinoculationintosucklingmiceNoisolationsof
WEEorepidemicVEEvirusweremadebutthereweresix
isolationsofVEEvirusvaccinestrainmadefrombloodor
tissuesofrecentlyvaccinatedequinesTable9

Therewere195tissuespecimensbraintissuepredomi
nantlyfromvariouswildlifespecieswhichweresenttothe
laboratoryforrabiestestsbutwerealsotestedinsuckling
miceforarbovirusesOneisolateoflymphocyticchorio
meningitisviruswasmadefromahousemouseMusmuscu
lusandsixisolatesofRioBravovirusweremadefrom

MexicanfreetailedbatsTadaridabrasiliensismexicana
collectedinaspecialresearchprojectbyDrJamesL
HardySchoolofPublicHealthUCBerkeleyTable10

FuturesurveillanceandcontroleffortsTable2willin
cludethosealreadyineffectpriortoandduring1971and
thesewillbeexpandedappropriatelyifsourcesoffunding
andothersupportcanbefoundEvengreateremphasis
shouldbeplacedonachievingecologicallysoundmosquito
controlmethodsandondevelopingmoresensitiveeconom
icalandusefulsurveillancemethodstodetectvirusactivity
invectorwildlifeanddomesticanimalhostpopulations

ACKNOWLEDGMENTSTheassistanceandcooperationof
manystaffmembersoftheViralandRickettsialDiseaseLa
boratorytheBureauofCommunicableDiseaseControlthe
VeterinarySectionandtheBureauofVectorControland
SolidWasteManagementoftheStateDepartmentofPublic
Healthaswellasofotherlocalstateandfederalagencies
incarryingouttheprogramaregratefullyacknowledged
SpecialrecognitionismadeofthecontributionsofMrG
GrodhausDrDCappucciandMrDDondero
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Table6HumancasesofWesternEncephalitisandStLouisEncephalitisinCaliforniaduring1971

Identificationand

presumedexposure Clinicalcourse Antigen Acute

Antibodtiters

Oct871 Oct2671 Dec1371
1SC31Female Sept2971encephalitisSLECF 18 18 132

Sacramento recoverybutprolonged SLENT 08 20 28

SacramentoCounty weakness SLEFA 12048 18192 116384
SLEHAI 180 180 140

Oct571 Oct1971
2GV33Male Oct171meningo WEECF 18 132

Sacramento encephalitiscomplete WEEFA 18 1128

SacramentoCounty recovery WEEHAI 120 1160

3PH11Male

ButteCityGlenn
County

Oct671meningitis
completerecovery

CFtiterforVEEvirus

CFtiterforVEEvirusI8

HAItiterforVEEvirus110

Suspectcaseonlycoudnotbeprovenserologically
CF complementfixirgantibodytiter
FA indirectfluorescentantibodytiter
HAI hemagglutinationinhibitionantibodytiter
NT neutralizationtestantibodytiterneutralizingindex

Oct1271 Oct2971
WEECF 18 1128

WEEFA 1128 11024

WEEHAI 1160 1160

Nov171 Feb772
4LJ52Male Oct1471meningo SLECF 1256 164

Cloverdale encephalitiscomplete SLENT 37 34

SonomaCounty recovery SLEFA 11024 1256

exposure SLEHAI 1320 180

Nov371 Nov1571
5FM11Male Oct2871encepha WEECF 18 164

LiveOakSutter litiscompletere WEEFA 164 1128
County covery WEENT 27 43

WEEHAI 1160 1160

Convalescent

Nov1871 Dec471 Jan672
6VW68Male Nov1471encepha SLECF 164 164 164

Stockton litiswithrecovery SLEHAI 1320 1320 1320
SLEFA 14096 14096 14096
SLENT 30 30 36



Table7PositiveandpresumptivepositivecasesofWest
ernEncephalitisinequinesbycountyandmonthforCal
ifornia1971

COUNTY MONTHOFONSET

Total June July AugustSept

TOTAL 16 2 1 8 5

Butte 2 2

Fresno 1 1

Glenn 5 1 2 2

Imperial 1 1

Sacramento 1 1

SanJoaquin 1 1

Shasta 2 2

Stanislaus 1 1

Tehama 1 1

Yuba 1 1

FootnotesforTable8 1
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Mayrepresentresponsetovaccinationbutclinicalillness
consistentwithencephalitis
MayrepresentpreviousinfectionorimmunizationIm

munizationwithVEEvaccinemayboostpreexisting
WEEantibodytiterormayinducecrossreactingWEE
antibodysometimestoahighertiterthanforVEEvirus

Thissummaryrepresentsaminimumofthecaseswhichmay
haveoccurredNumeroussuspectcasescouldnotbepro
perlytestedbecauseofinadequacyofthespecimens

Table8PositiveandpresumptivepositivecasesofWesternEncephalitisinequinesCalifornia1971
County Age WEESEROLOGY VEESEROLOGY

Identity Sex Onset Vaccine Date CF HAI CF HAI Result

1GLSanger 3yrF 27June WEE27June 627 18 110 110 PRES

Fresno 79 132 1160 110

2THECentro 11yrG 30June 71 132 1160 PRES

Imperial 722 164 1160

813 132 1160

3WGOrland 1yrF 26July none 728 116 1160 110 POS

Glenn 816 132 140 18 110

4JBChico 15moF 1Aug none 81 116 1160 110 POS

Butte q 819 1128 116018 110

5JMChico 2yrF 1Aug WEE2830 81 18 1160 110 PRES

Butte June 818 1256 116018 110

6SBCotton 8Aug none 813 1128116018 110 PRES

woodShasta 830 164 116018 110

929 132 116018 110

7ELNGerber 16moM 10Aug none 812 18 116018 110 POS

Tehama 921 164 116018 110

132 18

8BSOrland 1yr 14Aug none 814 164 1160 110 PRES

Glenn fatal 828 164 116018 110

9CALOrland 2yr 19Aug none 820 132 132 18 110 PRES

Glenn

10CTPLockeford3yrG 23Aug none 825 164 116018 120 PRES

SJoaquin euthanized

11JPCottonwood 16moM 24Aug VEENov 825 18 18 POS

Shasta 111 132 18

12RHWYubaCity2yrG 1Sept VEE1Sept 92 1160116018 180 PRES

923 12561160 132 1160

13GFOrland 2yrF 5Sept VEE28Aug 922 1128 164 PRES

Glenn 1027 132 18

14LCSacramento 3yrG 20Sept WEEEEE 922 18 1160116 110 PRES

Sacramento 20Sept 1013 1128 116018 110

15ELTurlock 5yrF 23Sept VEE15Sept 923 164 180 116 1160 PRES

16FLOrland 16moM 27Sept VEE9Sept 928 1256 1160 164 1160 PRES

Glenn 1128 1160 132 1160
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Table9IsolatesofVenezuelanequineencephalitisvirusvaccinestrainfromvaccinatedequinesbytheViralandRicket
tsiaeDiseaseLaboratoryCaliforniaStateDepartmentofPublicHealth1971a

Equineidenti Dateof OnsetofSx VEE Negative

fication Age Sex Place VEEvacc andcause species species

T13101 4yrF SBarbara 9August Abortion Placenta Mares

County 17August 17August serum blood

17August

T13405 Fetus Chico 7yrmare Abortion Fetal Fetal

161cm ButteCo vacc 11Sept brain kidneylung

Crump 28August 11Sept Heartmarrow
bowelliver
spleeneyes

T13347 8yrF Santa 31August 4Sept blood brainblood
ClaraCo Starthistle 5Sept liverspleen

poisoningfatal 9Sept

T13489 512moF Turlock 11Sept 14Septvaccine blood

Stanislaus reaction 14Sept

County 18to132 recovered
CFantibody

T135123515 4moF LodiSan 11Sept 16Sept lungspleen Bloodliver

Joaquin vaccinereaction 18Sept pancreasbrain

Modesto encephalomyelitis 18Sept

pneumonia
peritonitis

T136233626 6yr SanMateo 20Sept 23Septfatal lungspleen brainblood

County illness 23Sept kidneypancreas
UCDavis 23Sept

aInadditiontoabovefourotherequinefetusesabortedfollowingVEEvaccinationofthemareshavebeensubmittedfortestingandwere
negativeforVEEvirusFluorescentantibodystainingtestshavebeeninconclusiveornegativeontissuetestedItisuncertainasyetwhetherthe
vaccinevirushasactuallycausedabortionorismerelypresentinbloodortissuesoffetusesabortedfromothercauses

Table10ArbovirusIsolatesfromwildlifespeciesCalifornia1971attheViralandRickettsiaDiseaseLaboratoryCali
forniaStateDepartmentofPublicHealth

Virus Species LocationandDate Tissues

LOM

RioBravo

RioBravo

RioBravo

RioBravo

RioBravo

Musmusculus 71228thStreetBrausgh
V146sick RichmondContraCostaCo

23April71

Tadariamexicana LlanoSecoRanchButte

normal County14June71

Tadaridamexicana LlanoSecoRanchButte

normal County14June71

Tadaridamexicana LlanoSecoRanchButte

normal County2August7l
Tadaridamexicana LlanoSecoRanchButte

normal County2August71
Tadaridamexicana LlanoSecoRanchButte

normal County2August71

brain

brainandorganpool

brainandorganpool

brainandorganpool

brainandorganpool

brainandorganpool

aFinalresultsasof31December1971
bAllRioBravoisolatesresultecfromacooperativestudywithDrJLHardySchoolofPublicHealthUniversityofCaliforniaBerkeley
Organpoolsincludedlungsubmaxillarysalivaryglandsbrownfatinterscapularheartandbloodclotspleenandkidneys



Therewasconsiderableconfusionduring1971inthe
VEEprogramTheconceptofquarantiningthediseasepre
vailedVectorcontrolpeopleconvincedsomepeoplethat
thediseasecouldbesprayedoutofexistenceAtthebehest
oftheCalifonriaBureauofAnimalHealththeVEEvaccine
waspermittedtobeusedinthisState

Theimmunestatusofhorsesinrepresentativeareasof
theStatewasdeterminedalsotheprevioushistoryofvac
cinationexposuretovariousvectorsespeciallymosquitoes
andtypesofmanagementforthehorsesAbout1200horses
weresampledconcentratinginsouthernCaliforniaAddi
tionalsamplingwasdoneinKernCountyandinTehama
andButtecountiesThesamplingwasdonepriortovacci
nation

Whenvaccinationwasstarteditprogressedmuchfaster
thanhadbeenanticipatedCreditgoestotheStateBureau
ofAnimalHealthandtothepracticingveterinariansfor
doingayeomanjobingettingthehorsepopulationsvacci
natedefficientlyandeffectivelyThefrozenvaccinewas
preparedeverydayandhadtobeusedwithin12hoursThe
Universityhadtodisseminatewhatinformationwasavail
ableonVEEparticularlytotheveterinariansandtothe
farmadvisorsAbout393000horsesreceivedthevaccina

tionReportswererequestedonpossiblefetalabnormalities

InCaliforniaDDTresistanceinAedesnigromaculisthe
irrigatedpasturemosquitohasbeenknownsince1949
Smith1949Bytheearly1950sresistanceagainstDDT
andotherorganochlorinecompoundshadbecomewide
spreadinAnigromaculisandintheStatesprimaryvector
ofStLouisandwesternequineencephalitisCulextarsalis
BohartandMurray1950GjullinandPeters1952The
organophosphoruscompoundswerethensubstitutedforthe
organochlorinematerials

10fficeBldg9 744PStreetSacramentoCalifornia95814

25545EastShieldsAvenueFresnoCalifornia93727
32151BerkeleyWayBerkeleyCalifornia94704

PANEL VETERINARYASPECTSOFVEE

GeorgeLCrenshaw
UniversityofCalifornia

SchoolofVeterinaryMedicine2004HaringHallDavisCalifornia95616
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sinceitwasunavoidablethatsomevaccinationsweredone

onpregnantmaresVeryfewabortionswerereportedonly
eightortenVeryfewadverseeffectsonthehorseswere
notedlessthan110of1

ThebiggestsegmentoftheequinepopulationsinCali
forniahasnowbeenvaccinatedAsfarasregulationsare
concernedhorsesthatareunvaccinatednowwillhavetobe

vaccinatedin1972orremainquarantinedAnumberof
questionsremainunanswered

1Isthevaccinevirustransmissible

2Canthevaccinevirusbecomeinvolvedinareservoir

3Willthevaccinevirusregressandbecomevirulent

4Willthevaccinetrulyimmunizehorses

5Howmanyofthevaccinatedhorsesareimmunizied

6Ifitdoesimmunizehowlongwillthehorsesbeprotect
ed

ItisnotknownwhenfoalsshouldbevaccinatedItisnot

knownhowlongthemothersantibodieswillprotectthe
youngfoalSomeFederalsupportisnowavailabletoassist
intheresearchneededtoobtainanswerstothesequestions

INSECTICIDESUSCEPTIBILITYOFMOSQUITOESINCALIFORNIA

ILLUSTRATEDDISTRIBUTIONOFORGANOPHOSPHORUSRESISTANCEIN

LARVALAEDESNIGROMACULISANDCULEXTARSALIS

DonJWomeldorf PatriciaAGilliesandKathleenEWhite

CaliforniaStateDepartmentofPublicHealth
BureauofVectorControl SolidWasteManagement

ParathionresistanceinAnigromaculiswasfirstdocu
mentedinKingsCountyin1958LewallenandBrawley
1958Withinthenextfewyearsparathionandmalathion
resistancewasfoundinmanyareasoftheCentralValley
andmethylparathionresistancealsoappearedBrownet
al1963By1970parathionresistancehadbecomecom
monplacemethylparathionresistancewasnotfarbehind
andresistancetofenthionandotherorganophosphorus
compoundshadbeenrecordedinseveralareasoftheState
SchaeferandWilder1970ainadultsaswellaslarvae
Ramkeetal1969WilderandSchaefer1969Addition
allyproblemsinobtainingadultcontrolwiththecarbamate
propoxurhadbeguntodevelopWomeldorfetal1971
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19

Oneortwomaterials

Allavailablelarvicides

Fig2ADocumentedorganophosphorusresistancein Fig2BDocumentedorganophosphorusresistancein
AedesnigrorruzculisCalifornia1965

AedesnigromaculisCalifornia1971

Oneortwomaterials

III Allavailablelarvicides

Fig2CDocumentedorganophosphorusresistancein Fig2DDocumentedorganophosphorusresistancein
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Fig3CDocumentedorganophosphorusresistancein Fig3DDocumentedorganophosphorusresistancein
CulextarsalisCalifornia1970



MalathionresistanceinCtarsaliswasdiscoveredin1956

inFresnoCountyGjullinandIsaak1957Malathionre
sistanceprogressedthroughouttheCentralValleyandis
nowcommoninotherpartsoftheStateaswellResistance
againstallavailableorganophosphoruslarvicidesbecameap
parentintheSanJoaquinValleyin1969Georghiouet
al1969SchaeferandWilder1970bResistanceagainst
malathionoragainstallorganophosphoruslarvicidesisnow
widespreadWomeldorfetal1971

Figs12and3showthelocationofmosquitocontrol
agenciesinCaliforniaandbymosquitocontrolagencythe
occurrenceoforganophosphorusresistanceinAnigromac
alisandCtarsalisasdocumentedattheendoftheyear
shownInclusionofanagencydoesnotmeanthatevery

Table1OrganophosphorusresistanceinCalifornianmosquitoesbyspeciesandchemical1971

Species malathion EPN

Aedesnigromaculis x x

Aedesmelanimon

Culextarsalis x x

Culexpipienssubspp x x

Culexpeas x
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MORTALITYOFCAGEDORGANOPHOSPHORUSRESISTANTCTARSALISCOQUILLETT
USINGVARIOUSADULTICIDESAPPLIEDASNONTHERMALAEROSOLS

PatriciaAGillies EdwardMFussellandDonJWomeldorf

INTRODUCTIONThefirstorganophosphorusinsecticide
resistanceinCaliforniaCulextarsalisCoquillettwasdocu
mentedin1956whenGjullinandIsaak1957reportedlar
valresistancetomalathionSincethattimeresistanceto
malathionhasbecomewidespreadaffectingmostcontrol
ledareaswithintheStateWomeldorfetal1971Some
scatteredinstancesofresistancetootherlarvicideswerere
portedbutrarelyincludedmorethanonechemicalinaddi
tiontomalathionWomeldorfetal1968Thenin1969
populationscrossresistanttootherorganophosphoruscom
poundsweredetectedinthesouthernSanJoaquinValley
GilliesandWomeldorf1969Georghiouetal1969The
problemspreadandcurrentlyinvolvesSanJoaquinValley
mosquitocontrolagenciesfromStanislausCountyinthe
northtoKernCountyinthesouthaswellasoneagencyin
southernCalifornia

Ctarsalisisnotonlyapestmosquitobutisadirect
threattothepublichealthastheprimaryvectorofboth
StLouisandwesternequineencephalitisinCaliforniaThis
speciesisalsoavectorofVenezuelanequineencephalomy
elitisalthoughpresenceofthevirushasnotyetbeende
tectedinCaliforniaShouldwidespreadcontrolbecome
necessaryintheeventofanepidemictheorganophosphor
uslarvicideswouldbeuselessatlegaldosagesinareasaf
flictedwithresistance

Controlisfurtherthreatenedinthathightolerancein
adultshasbeenshowninthelaboratorytoberelatedtoor
ganophosphorusresistanceinlarvaeGeorghiouetal1969
SchaeferandWilder190buttheeffectsoncontrolin
thefieldarenotyetclearAttemptstoevaluateorganophos
phorusmaterialsinthefieldarecomplicatedbythefacts
thattheadultsarecapableofmovingconsiderabledistances
quicklyreinfestingtreatedareasandthatfieldpopulation
densityisdifficulttomeasure

Thepresentstudywasinitiatedtotrytorelatemortality
incagedpopulationsoforganophosphorusresistantCtar
saliswithmortalityincagedpopulationsofotherspecies
aboutwhichinformationonoperationalresistanceisavail
ableAdultmosquitoesrepresentingvariouspopulations
wereexposedsimultaneouslytoadulticidesdispensedfrom
anonthermalaerosolgeneratorTheresultantmortalitywas
thencompared

METHODSANDMATERIALSTestswereconductedco
operativelybetweenpersonneloftheCaliforniaDepartment
ofPublicHealthandtheNavyDiseaseVectorEcologyand
ControlCenterThetestsitewasaflatunobstructedstub
blefieldatSkaggsIslandamilitaryreservationinSonoma

SttateDepartmentofPublicHealth BureauofVectorControl

andSolidWasteManagemenr5545EastShieldsAvenueFresno
California93727

2DiseaseVectorEcology andControlCenterNavalAirStation
AlamedaCalifornia94501

3StateDepartmentofPublicHealth BureauofVectorControl

andSolidWasteManagementOfficeBldg9 744PStreet
SacramentoCalifornia95814
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CountyCaliforniaThetestmaterialswereappliedfroma
truckmountednonthermalaerosolgeneratorThegenerator
specificallydesignedtodispenselowvolumehighconcen
trateinsecticidesproducesafogdependentuponairmove
mentfordispersalCapabilitiesofthegeneratorincluding
dropletsizeanddistributionpatternhavebeendiscussedby
Stainsetal1969

MosquitoesusedinthetestswerefieldcollectedAedes
nigromaculisLudlowAmelanimonDyarandCtarsalis
andalaboratorystrainofCpipiensLThefieldpopula
tionswerecollectedaslarvaeorpupaeandwererearedto
theadultstageinthelaboratoryBeforetakingthemosqui
toestothefieldapproximately20unsexedadultsfrom
eachtestpopulationweretransferredtocylindricalcages
258x7inchesof16x18inchmeshwirescreenFruit
jarringswithscreeninsertsclosedtheendsofthetubes
Sugarwatersaturatedcottonpadswereavailabletothe cag
edmosquitoespriortotestingFortheteststakeswereset
outatintervalsforatotaldistanceof5000feetdownwind
fromthepointofapplicationandthecagedadultswere
suspendedfromthestakesapproximatelythreefeetabove
groundlevelControlsrepresentingeachtestpopulation
weretreatedinthesamemannerbutwereplacedupwind
wheretheywouldnotbeexposedtotheappliedinsecticide
Anypretreatmentmortalitywasrecordedatthetimethe
cageswereplacedonstakesThecagedadultswerepicked
upabout30minutesaftereachapplicationThecageswere
thenwrappedindividuallyandplacedinplasticbagsHu
miditywasprovidedbydamptowelinginterspersedamong
thecagesFinalposttreatmentmortalitywasassessedat
24hours

Insecticidesevaluatedinthetestseriesweremalathion
fenthionDursbanDowco214methylDursbannaled
andpropoxurCommercialformulationswereusedundilut
edordilutedwithcottonseedoilasnecessarytoachievethe
desiredconcentrations

RESULTSANDDISCUSSIONThegeneratoroutputisim
possibletodetermineintermsofrateperacreasthesmall
dropletsarecarriedbythewindasamovingaerosolcloud
andthenumberofacrescoveredisdependentuponmeteor
ologicalconditionsduringthedispersalApparentlyvery
littlematerialislostasgrounddepositionStainsetal
1969usingnaledandafluorescentparticletracertech
niquefoundlessthanonepercentoftheaerosolcloudwas
depositedonthegroundandfoliageinthefirstmileThe
generatoroutputisbestdescribedasthenumberofounces
dispersedperminuteBothouncesperminuteand anom

inaldosageratedesignatedaspoundsperacrearelisted
foreachtestTable1Thenominaldosagerateisforcom
parativepurposesonlyandisbasedonaforwardspeedof
fivemphandtheassumptionthattheentireaerosolcloud
waseffectivewithina5000footswath

Larvaerepresentingeachoftheadultpopulationswere
testedtodeterminetheirsusceptibilitytotheorganophos
phoruscompoundsTheresultsareshowninTable2The
adultswerenottestedinthelaboratoryBoththeKingsand



Generator Nominaldosage Temperature
Insecticide FigureNumber outputozmin ratelbacre Windmph degreesF

Malathion 1 378 012 1215 75
Fenthion 2 320 0099 10 70
Dursban 3 368 0115 810 70
Dowco214 4 420 013 8 70
MethylDursban
Naled 5 330 010 11 70
Propoxur 6 320 007 810 75

Propoxur 7 320 007 75 70

aBasedontheassumptionthattheentireaerosolcloud waseffectivewithina5000footswath
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Table1ApplicationdetailsforadulttestsshowninFigures17

Table2Susceptibilitylevelsppmdeterminedforthelarvalstageofthetestadults
Methyl

Malathion Parathion parathion Fenthion Dursban

LC LC LC50 LC90 LC50 LC90 LC50 L LC50 LC90
035 061 0026 0040 0018 0027 0026 0041 0014 0019

0057 032

37 275 030 19 011 084 016 035 012 034

11 67 035 25 026 13 013 054

0033 0048 0015 0039 0015 0050
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Fig1Mortalityofcagedadultmosquitoesat24hours Fig2Mortalityofcagedadultmosquitoesat24hours
afterapplicationofmalathionfromanonthermalaerosol afterapplicationoffenthionfromanonthermalaerosol
generator generator
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Fig6Mortalityofcagedadultmosquitoesat24hours
afterapplicationofpropoxurfromanonthermalaerosol
generator

KingsMADR
TulareMADR
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afterapplicationofpropoxurfromanonthermalaerosol
generator

TulareMosquitoAbatementDistrictpopulationsofCtar
salisareknowntobeoperationallyresistanttotheorgano
phosphoruslarvicidesGeorghiouetal1969andWilder
andSchaefer1969demonstratedadultresistanceinpop
ulationswithcomparablelevelsoflarvalresistanceTheA
nigromaculisfromtheTurlockMosquitoAbatementDistrict
haveahistoryoflarvalandadultresistancewhichhasbeen
verifiedbothinthelaboratoryandinthefieldAdulticiding
withpropoxuristheonlycurrentlysuccessfulcontrolmeth
odTheAmelanimonfromSutterYubaMosquitoAbate
mentDistrictandthelaboratorystrainofCpipiensare
susceptiblebothaslarvaeandasadults

PropoxurFigs6and7appearedtobethemostprom
isingofthetestmaterialsforthecontroloftheresistant
CtarsalisComparablemortalitywasachievedagainstboth
theresistantspeciesandthesusceptibleCpipiensSinceit
isknownthatpropoxuristheonlyavailableadulticideef
fectiveforcontrolofhighlyresistantpopulationsofAni
gromaculisand100percentmortalityofboththeCtarsalis

0

OD 0
PROPDXUR

8C pipiens labcolonyS
Amelanimon SutterYuba

MADS

5000



andtheAnigromaculiswasachievedofthe3500foot
stationitcouldbeassumedthatthismaterialwouldbeas

effectiveagainstCtarsalisasitisagainstAnigromaculis
Fig6Womeldorfetal1971foundthelarvalfailure
thresholdoforganophosphorusresistantAnigromaculisto
matchthatforresistantCtarsalis

UnfortunatelyAnigromaculisadultswerenotavailable
forthesecondpropoxurtestFig7butagainpropoxur
appearedtobeonlyslightlymoretoxictothesusceptible
CpipiensthantotheresistantCtarsalisInthistest100
percentmortalityofAmelanimonwasachievedatthe
5000footstationperhapsindicatinggreatersusceptibility
ofthisspeciestopropoxurAtthe2500footstationonly
73percentmortalitywasachievedThereasonforthisdis
crepancyisnotknown

Onehundredpercentmortalityoftheresistantpopula
tionsdidnotextendpastthe2000footstationforanyof
theothermaterialstestedalthoughcompletemortalityof
thesusceptiblespeciesoccurredouttothe5000foot
station
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Resistancetoorganochlorinecompoundswasobserved
intheSEMADduringthelate1950sAtthattimetheDis
trictwasusingDDTandtoxapheneinitslarvicidingpro
gramWhentheorganochlorinecompoundsbeganfailingin
1958theDistrictintegratedtheorganophosphatechemical
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approximatelythreeyearsasfailureswereobservedinthe
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banmosquitocontrolprogramduetotheirhighmamma
liantoxicity

Thematerialofchoicetoreplacemalathionwasfen
thionThismaterialalthoughmoretoxicthanmalathionto
warmbloodedanimalswaseasieronfishandcouldbeused
atmuchlowerdosageratesthanmalathion

Asitbecameapparentthatmosquitoeshadtheability
tobecomerapidlyresistanttomanyofthePHPchemical
larvicidestheSEMADinitiateditsownresistancesurveil
lanceprogramincooperationwiththeBureauofVector
ControloftheCaliforniaStateDepartmentofPublicHealth
Thisprogramwasstartedin1963aftermalathionwasob
servedtobenolongereffectiveincontrollingmosquito
larvaeateconomicaldosagerates

FenthionwasincorporatedintotheSEMADsintegrated
controlprogramin1962showinggreatpromiseofcontrol
lingallthemajormosquitospeciesatlowdosagelevels
Continuousmonitoringofthesusceptibilitylevelsof our

problemspeciesCulexpipiensquinquefasciatusSayand
CulexpeusDyarindicatedaslowincreaseintolerance
levelsincertainpopulationsthroughouttheDistrictIn
1967weexperiencedourfirstcontrolfailureinCulexpens
tofenthionFromthistimeonfenthionresistancebecame

rathergeneralthroughouttheDistrictinCpeusAlthough
Cpeusisnotknowntobeapersistentbiterofmanits
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merepresenceinahighlyurbanizedareasuchasLosAn
gelesCountyconstitutesaproblemtothegeneralpublic
ConsequentlyPHPchemicalresistanceinthespeciesisa
realproblemThefactthatthisparticularspeciesofmos
quitohavingratherhighresistancelevelstofenthionhas
causedtheSEMADtogmitschoiceofPHPchemicalto
controlthisspecieseventhoughothermoreimportantspe
ciesarestillsusceptibletothematerials

CulexpquinquefasciatusandCtarsalisalsohaveshown
resistancetofenthionsince1967fwevertheresistance
levelsarenotashighasthosedisplayedbyCpeus

In1969fenthionwasreplacedbyABATEinmost
areasoftheDistrictformosquitolarvalcontrolwhilein
someofthefringeareasfenthionisstilleffectiveprobably
duetomixingofgenepoolswithmosquitoesthatmigrate
infromuncontrolledareasthuscontinuallyinjectingsus
ceptiblegenesintothesepopulationsUltimatelyfenthion
willbetotallyreplacedbyABATEDursbanFlitMLO
andotherlarvicideoilsAtthepresenttimeFlitMLOis
beingintegratedintotheDistrictscontrolprograminmost
areasThepurposeofthisistostemthetideofresistance
toorganophosphatecompoundsandalsotoutilizethegreat
erpupicidalqualitiesoftheoil

FortunatelytheresistanceproblemsintheSEMADare
stilllowlevelcomparedtothoseencounteredbycertaindis
trictsintheSanJoaquinValleyThedatareportedinthis
paperwillclearlyindicatealackofcrosstoleranceormul
tipleresistancepresentinourresistantstrainsascompared
withotherstrainsinthestateThispaperwillbeprimarily
concernedwiththedevelopmentoforganophosphorous
PHPchemicalresistanceinCulexpeusandCulexpquin
quefasciatusasindicatedbythetitlesincethebulkofour
datawascompiledafterwebeganusingorganophosphorous
compoundsWealsohaveobservedresistancetoorgano
phosphorouscompoundsinCulextarsalisHoweverwewill
reportthisresistanceprobleminalaterpaper

MATERIALSANDMETHODSTheSoutheastMosquito
AbatementDistrictusesthelaboratoryproceduresdescribed
byGilliesandWomeldorf1968oftheBureauofVector
ControlStateDepartmentofPublicHealthinitsresistance
surveillanceprogramHoweverwedeviateslightlyfromthe
Statesprocedureonsomeaccountsandthesewillbedes
cribedasfollows

Freshstockinsecticidesolutionsaresuppliedtothe
DistrictbytheStateHealthDepartmentSerialdilutions
arecarriedouttoobtainthedesiredinsecticideconcentra

tionsEggraftsarecollectedinthefieldandreturnedto
thelaboratorywherethelarvaearerearedonadietof
GainesmealuntiltheyreachthefourthinstarThelarvae
arethentransferredfromtherearingpansinto4ozpaper
cupscontaining100mlfreshtapwaterplacing20larvae
percupThelarvaearethentreatedinduplicatewithgraded
concentrationsofthetestinsecticideMortalityisrecorded
24hoursaftertreatmentControlsaretreatedwith1mlof

acetonebutareonlyrunperiodicallyalongwiththeregular
testrunEachspeciesfromagivenlocalityistestedsepar
atelyandreplicatedonceortwicedependingontheavaila
bilityofmaterialandtime

Theresultsofeachtestareplottedonlogprobitgraph
paperandthelinesfittedbyeyeFromthistheLCand
LC90saredeterminedandexpressedinpartspermillion
ThisinformationissenttotheBureauofVectorControl

andSolidWasteManagementattheendoftheseasonwhere
thematerialissubjectedtocomputeranalysisandcompared
withtestsrunbyStatepersonnelfromspecimenscollected
inourDistrictforcorrelativepurposes

Theorganophosphorouscompoundswehavebeentest
ingoverthelasttenyearsareasfollowsmalathionfen
thionABATEDursbanandparathionParathionisnot
usedintheDistrictsmosquitocontrolprogrambutisused
forcomparativepurposestodetermineifcrossresistanceor
multipleresistanceisevident

RESULTSANDDISCUSSIONResultsofthevarioustests

inourresistancesurveillanceprogramagainstCulexpeusare
presentedinTable1Webeganourroutinesurveillancepro
gramin1963andatthattimeCpeashadapproximatelya
fivefoldresistancetomalathionwithanLCvalueof011
ascomparedwithasusceptiblestrainhavinganLC50value
of0026ThesusceptiblestrainismaintainedintheBVC
laboratoryinFresnoanddatapresentedinthispaperis
comparedtodatacompiledfromtestingontheirstrain
MalathionresistanceinCpeuspeakedoutin1966with
aLC50valueof023ppmindicatinganapproximate8fold
resistancetomalathionThisevidencewouldtendtocon

firmdefinitebiochemicalresistanceinourparticularstrain
Malathionresistancelevelscontinuedtoincreasefrom1963
eventhoughweintegratedfenthionintoourcontrolpro
gramin1962relaxingmalathionselectionpressureHow
everitappearsfromtheslopespresentedinFigure1that
ourpopulationwasratherhomogenousforresistanceHow
everaninterestingfacthascometolightwecanshowa
slightregressioninresistancelevelsintestsrunin1970

Table1YearlyaverageLCandLCvalueinppmforCulexpeusforthevariouspublichealthprotectionchemicals

Material

1965

1965 1966 1967 1968 1969 1970 1971

LC LCLCLCLCLCLCLCLCLCLCLC90LC50LC90
Malathion 010 019 019

Fenthion 00014 00180016

ABATE

Dursban

Parathion

045 023 040 0092 028 0086 015 0065 011

00470015 00320045 020 0058 018 0055 010 0037 0086

000087000120001900035000082000140001300021000250004400035000400001600040

0001400039 0001000018000060001

00023 000410003500053 0002800043



Table2YearlyaverageLCandLCppmforCulexquinquefasciatusforthevariouspublicHealthProtectionChem
icals

1965 1966 1967 1968 1969 1970 1971
Material LC LCLC LC LC LC LCLCLCLC LCLCLC50LC90

Malathion

Fenthion

ABATE

Dursban

0067 013 0089 016

00056 0015 0004400075

0001800026

00009000015

9C

8C

5

001

0083 015

000530013 0006200089000520010 000610012 000770014

000039000064 00018000220001600035000160001

00006000010

TheseresultsshowedanLC50levelof0086indicatinga
fourfolddecreaseinresistancetomalathionHoweverthis
decreaseinresistanceisnotverysignificantandistobeex
pectedafterprolongedrelaxationofmalathionselection
pressure

MalathionresistanceinCulexpquinquefasciatusisquite
differentthanwhatwehavefoundinCpeusResistance
ratesinthisspeciesareonlyapproximatelythreefoldovera
comparablesusceptiblestrainasindicatedinTable2Even
thoughCpquinquefasciatusandCpeusoccurinsimilar
larvalhabitatsandwereessentiallysubjectedtothesamea

0 10

CONCENTRATIONppm
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Fig1ShowsLDplinesforsusceptiblestrainascomparedwithresistantstrainofCulex peusformalathionBased
oncomputeranalyzeddata

mountofmalathionselectionpressurethereappearstobe
considerabledifferenceintheirabilitytodetoxifyormeta
bolizemalathionPerhapsinthecaseofCpquinquefas
ciatusthemagnitudeoftoleranceexhibitedisonlya
fitnesstolerancetoinsecticideandnottruebiochemical
resistanceTheevidenceindicatesthatovertheyearsmala
thionresistanceinthisspecieshasremainedratherconstant
intheLC50rangeof008ppmontheaverageascompared
withasusceptiblestrainwithaLCS0of0026ppmThe
averageLC50valueinCpquinquefasciatusisapproaching
the01ppmlevelindicatingthatwewouldexpecttoexper
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Fig2ComparisonofLDplinesforCulexpeusoffenthionsusceptibleandresistantstrainsshowingtheprogressionof
resistanceBasedoncomputaranalyzeddata

Fig3LDplines1and2representacomparisonofasusceptiblestrainofCulexquinquefasciatuswiththeSEMAD
strainyearlyaveragefrom1964dateLines3and4representacomparisonofasusceptibleandtheSEMADstrainofC
quinquefasciatusformalathionDatabasedoncomputeranalyzeddata



iencecontrolfailurewithmalathionagainstthisspecies
Relaxationofmalathionselectionpressurehasnottended
tosignificantlychangethelevelofresistanceoverthelast
severalyearsofCpquinquefasciatustomalathion
TheuseoffenthiononbothCpeusandCpquinque
faciatushasnotincreasedorimpartedgreaterresistanceto
malathionleadingonetoconcludethatmalathionresist
ancehasnotproducedacrosstolerancetofenthionin
eitherspecies

FenthionresistanceinCpeuswasfirstdemonstratedin
1966intheSEMADTheLC50levelatthattimewas0024
ppmascomparedtothesusceptiblestrainwithanLC50
levelof00031ppmindicatinganapproximateeightfold
increaseIn1967weexperiencedcontrolfailuresatdosage
ratesof01poundofactualingredientperacreFenthion
resistancereachedapeakin1968forthisspecieswithan
LC50levelaverageof005ppmgivingusanapproximate
14foldresistanceratioincreaseoverthesusceptiblestrain
In1969werelaxedfenthionselectionpressurebyswitching
toABATEformostareasoftheDistrictContinuedtesting
in1970and1971aspresentedinTable1hasshownaslight
regressionintheresistanceleveltoanLC50valueof0037
ppmThisisnotconsideredsignificantatthistimebutisa
pointofinterestIn1971inmostareasoftheDistrictFlit
MLOwasusedonawidescaleThismaycontributetothe
reductioninlarvalresistanceexhibitedbyCpeustofen
thionFurthertestingshouldconfirmthishypothesisin
time

IntestingfenthionagainstpopulationsofCulexpquin
quefasciatuswefoundapatternoffenthionselectionsimi
lartowhatoccurredwithmalathionselectionResistance

ratiostofenthioninthisspeciesindicatedonlyanapproxi
matetwofoldincreaseoverasusceptiblestrainofthesame
speciesThisevidencecorrelateswiththeevidenceregarding
resistancetomalathioninthisspeciesAsstatedbefore
bothCpquinquefasciatusandCpeusaresubjectedtothe
sameselectionpressurefromanyofthePHPchemicalsused
intheDistrictThisclearlyindicatesabiochemicaldiffer

OrganophosphorusinsecticideresistanceinCulextarsalis
andAedesnigromaculisnowexistsinseveralareasinCali
forniaSeverecrosstolerancehasextendedtoallorgano
phosphorusmaterialsinanumberoflocalmosquitocon
trolagenciesItisdoubtfulthattheanswertoinsecticide

1TurlockMosquitoAbatementDistrictP0 Box1629Tur
lockCalifornia95380

2TehamaCountyMosquitoAbatementDistrict429Ash Street
RedBluffCalifornia96080

3GoletaValleyMosquitoAbatementDistrictP0Drawer 460
GoletaCalifornia93017

encebetweenthetwospeciesintermsofinsecticidemeta
bolism

Figure3comparestheLDplinesforfenthionofthe
susceptiblestrainofCpquinquefasciatuswiththeSEMAD
tolerantstrainaveragesindicatingonlyaslightshiftinthe
linewithconsiderableoverlapThedataclearlyshowsa
lackofsignificantchangebetweenthesusceptibleandtoler
antstrainsthussupportingthehypothesisthatnobiochem
icalresistanceispresentinthisstrainatthepresenttime

BothCpeusandCpquinquefasciatusremainsuscep
tibletoABATEandDursbanasshowninTables1and2
WiththeuseofFlitMLOandotherlarvicideoilsinourcon

trolprogramweshouldbeabletoslowdowntherapid
buildupofresistancetotheorganophosphatecompounds
Hopefullymosquitoeswillnotbeabletodevelopresistance
tolarvicideoils
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resistancewillbeprovidedbyanewsocalledconventional
insecticideinthenearfutureandsoitisbecomingquite
evidentthatCaliforniacannolongerrelyonpesticidesas
theprimarytoolformosquitocontrol

SURVEYHowaremosquitoabatementdistrictsinCali
forniaplanningtocontrolmosquitoesintheabsenceof
highlyeffectivepesticidesInanattempttoprovideanan
swerwecirculatedaquestionnaireWeaskedquestionslike

Howwillinsecticideresistanceaffectyourbudgetand
financingWhatpersonnelchangeswillberequiredWhat
changeinequipmentwillbeneededHowwillitaffectyour
insecticideusageWhatpartwillpublicrelationsplayWill
legalactivitybeincreased
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Wereceived30repliesfromapproximately58agencies
contactedThegeneralquestionwasaskedIsresistance
causingyourdistricttorrodifyitspoliciesandoperational
program

Theanswersreflecttheareaofthestatemostseverely
affectedbyresistance

Region YesNo

Costal

Southern

CentralValley
Sacramentot

SeveralSouthernCaliforniamosquitocontrolagenciescom
mentedthatmidge
doesmosquitoresistance

Answerstospecificitemsinthequestionnairearesum
marizedbythethreeareainTable1

DISCUSSIONFinancesEightofthe30agenciesforesee
anincreaseincostsduetoresistanceReasonsgiveninclude
anticipatedgreaterexpenseforlarvicidaloilsandtheirappli
cationtheneedformoremanpowergrantsforresearch
costsharingwithfarmersormosquitopreventionprojects

Anothereightagenciesindicatedthatfundswouldbe
reallocatedTheprincipalreasonswereshiftingemphasis
fromchemicalcontroltobiologicalcontrolandmosquito
prevention

PublicInformationMoreagenciesplantoincreasetheir
effortsinthisprogramaspectthaninanyotherOfthe30
respondents21willupactivityinthisareaItisincreasing
lyapparentthatthemessagemustbebroughttothepeople

Table1AnticipatedprogrammodificationsbyagenciesinthreeCaliforniaareasasaresultofmosquitoinsecticidere
sistancedevelopment

ProgramAspect

Finances

Public
Information

Personnel

Equipment

Research

Legal

Larvicides

Adulticides

Oils

Biocontrol

Mosquito
Prevention

Increase

area

16 1

Decrease

area

whoaredirectlyaffectedbymosquitoesandwhomustpay
fortheircontrol

PersonnelNearlyhalfof erespondingagencies14of
30willincreasetheirforceorwillreassigndutiesThe
areasofactivitywhichneedbolsteringincludethoseof
technicalinformationincludingintensifiedinspectingre
cordkeepingandevaluationWatermanagementeducation
wascitedasanimportant vrolerequiringtechnically
trainedpersonnelSome esanticipatethatmorelabor
willberequiredwithoil idesUpgradingcompetency
wasseenasaneedwhichwillbeaccomplishedeither
throughtrainingexistingstafforbeingmoreselectivewhen
choosingnewemployees

EquipmentFewagencieswilladdtotheirexisting
equipmentbutmoreplantoreallocatewhattheyhave
Additionsorreallocationappearstobeplannedtoprovide
thenecessarysupporttoincreasedorreassignedstaff

ResearchTwodirectionswereemphasized1ndistrict
researchwillbedirectedtowarddevelopingandevaluating
larvicidesandadulticidesandbiologicalcontrolagents
Severaldistrictsplantocontinuetoprovidefinancialsup
porttotheUniversityofCaliforniaresearchprogramandto
maintaincloseworkingrelationshipswithallresearcha
gencies

LegalAspectsElevenofthe30agenciessaidthatthey
plantogiveincreasedattentiontothepossibilitiesoflegal
actionAlthoughsomewillbeginimmediatelytoforcecom
pliancethemajoritywillreviewdistrictpolicieswithaneye
towardabatementproceduresTheconsensusseemstobe
togocautiouslyifatallintoalegalactionprogramusing

Change

Reallocation

area

None

area



thismeansasalastresortifallelsefails

ChemicalControlResistanceisbringingabouttwoma
jorchangesinthechemicalcontrolprogramsoftherespond
ingagenciesHalfseeanincreaseintheuseofoillarvicides
generallyattheexpenseoftheorganophosphoruscom
poundsItisinterestingthatthistrendisapparentinthe
urbanareasaswellastheruralpartsofthestateThe
changewillprobablybemuchlessdisruptivetourbanthan
ruralprograms

Thesecondchangeisanincreaseinadulticidesatthe
expenseoflarvicidesThesematerialswillbeusedselectively
inareasofneedandwillnotbeusedintheextensiveareas
thatlarvicideshave

Anumberofdistrictsanticipateadecreaseinallchemi
caluseduetoresistancewithemphasisbeingshiftedto
othercontrolmethods

BiologicalControlAtpresentpracticalbiologicalcon
trolislimitedtotheuseoflarvivorousfishprincipallyGam
busiaNineteenofthe30agenciesanticipateincreasingde
pendenceuponmosquitofishThereareneedsforimproved
handlingrearinganddistributingtechniquesandatleast
twodistrictsareconductingresearchalongthisline

ThesubjectofthispanelMosquitoControlShiftsto
PreventionisIthinkquiteappropriateSinceourlast
AnnualConferencethereseemstobeaquieterandmore
seriousattitudeamongstussomewhatdifferentfromthe
frustrationofayearagoIamofcoursereferringtothe
resistanceproblem

Ithinkitwouldbesafetosaythateverydistrictinthe
statethathasexperiencedaseriousresistanceproblemhas
beguntoshifttheemphasisfrominsecticidecontrolto
othermethods PreventativeMethodsinoneform

oranotherandwhybecausewehavefinallyhadto
RecentlyIhavetakenthetimetogobackandreview

someoftheCMCApapersfrompastProceedingsanditis
interestingtonotehowmuchhasbeensaidonthesubject
ofPreventativeControlandHowLittlehasactuallybeen
doneaboutit

Someofusincludingmyselfhavebeenbeatingthe
drumonthebenefitsofSourceReductionforthepast
twentyyearsorsoandyettherearestillmanydistrictsthat
donotreallyusethisimportanttoolinaworkingprogram
Toknowthebenefitsandlonglastingresultsofsourcere

MOSQUITOCONTROLSHIFTSTOPREVENTION

RichardHDeWitt

KernMosquitoAbatementDistrict

P0Box1271BakersfieldCalifornia93302
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MosquitoPreventionSeventeenofthe30agenciesplan
toincreaseeffortsinthisprogramareaTheimpactofthe
extraemphasisisbroadSeveraloftheagenciescommented
thatallstaffwouldbeinvolvedthatpublicinformation
wouldbetiedintotheprogramthatitwouldberelatedto
legalaspectsandthatitiscloselyalliedwithwaterconser
vationandqualityprotectionItisseenthatwatermanage
mentoffersthegreatesthopeformosteffectivelyandrapid
lyreducingmosquitoproductionwiththeclassicap
proachesoflandlevelingfillinganddrainingbeinglong
termapproaches

Insummaryitisapparentthatresistancewillcause
greaterimmediatechangestoagenciesintheruralareasof
thestateTheeffectsofresistancewillbefarreachingand
resultinpermanentmodificationoftheapproachtomos
quitocontrolThepublicwillbebroughtclosertothe
wholeproblemandwillbeincreasinglyinvolvedReliance
onchemicalswillbereducedandintegrationofbiological
controlagentswillbeincreasedMosquitoproventionwill
emphasizewatermanagementasanimmediateaimAnd
finallythelegalclubwillbeheldinreserveaslongaspos
sible

ductionistoexperienceittomakeitatoolofyourpro
gram

Ihaveusedsourcereductionasanexampleofoneofthe
importantpreventativecontrolmeasuresactuallythereare
othersequallyimportantThispanelwillbediscussingsome
ofthesetodayIliketothinkofallofthepreventative
measuresastoolstoolstobeusedasanimportantsupple
menttotheoverallmosquitocontrolprogram

Itistruethattherewillalwaysbeaneedforlarviciding
byonemeansoranotherThedaymightwellarrivewhen
wewillhaveanothermiracleinsecticideThismaynotbe
soonanditcouldbeveryexpensiveInthemeantimeifwe
haveusedourpreventativetoolswiselyandwellperhaps
ourproblemsmaybecomesmallenoughandfewenough
thatwecanaffordtheuseofaneffectiveandexpensivein
secticide

Iwouldliketosumitallupbyusingthemuchusedold
adage Anounceofpreventionisworthapoundof
cure butafterallisntthisreallywhatwearetalking
about



TheprimaryreasonsfortheneededchangeintheMadera
CountyMosquitoAbatementDistrictpolicywerethere
sistanceproblemthatwa3rapidlydevelopingtheecology
movementcallingforaslowdowninuseofallpesticides
andtheincreasedawarenessonthepartoftheBoardof
Trusteesthatalthoughthecostsofinsecticidesandtheir
applicationwererisinganadequatelevelofmosquitosup
pressionwasnotbeingobtained

ThedecisionoftheBoardwastoshiftmoreemphasisto
wardsourcereductionandsourceeliminationSinceMadera

doesnotownoroperatelargeequipmentitwouldbethe
responsibilityofthepropertyownertomakethenecessary
corrections

Asameansofimplementingthisdecisionthelargestand
mostchronicoffenderswerenotifiedthroughnewspapers
radioandverbalorwrittennoticesthatfailuretocooperate
ineliminatingmosquitosourcesontheirpropertycouldre
sultinlegalactionbeingtakenagainstthem

Cooperationonthepartofgovernmentalagencieswas
soughtinitiallyItwasfeltthatprivateownerswouldbe
moreresponsiveifpublicagencieswerealreadyincompli
ance

Statementsofcostsvveremailedtoallgovernmental
agenciesthathadfailedtocooperateevenafterwrittenno
ticeandwereproducingmosquitoesthroughnegligence

TheseweretheonlybillseversentandneverhastheDis
tricttriedtorecoverexpendedfundsfromanyprivateindi
vidual

Lackofresponseonthepartofthethreeworstoffenders
toeitherheedthepleaforcooperationorthebilling
promptedtheBoardtoholdspecialhearingswiththeseof
fendersOfthesethreetheCountyofMaderaresponded
withbothmoniesandincreasedcooperationtheirrigation
districtswithcooperationandtheCityofMaderafailedto
cooperateincorrectingitstwomajorsources

ABATEMENTPROCEDURESinceitwasapparentthe
Citydidnotintendtocorrectthesesourceslegalabatement
procedureswereinitiatedagainstit

Inatwoprongedattackitwas servedwithorders

fromtheMaderaCountyCityHealthOfficerandtheDis
trictBoardtoabatethebreedingofmosquitoes Itwas

givenahearingdatefourdaysfromthedateofserviceof
theordersTheorderspecifiedthatplansbesubmitted
withintendaysandthatcorrectionsbecommencedwithin
twentydaysafterserviceoftheorderTheCitydidcomply
withtheorderandinsodoingeliminatedthemajormos
quitosourceinourDistrictThisculminatedyearsofeffort
onthepartoftheDistricttoachievethisend

Subsequentlyasuitforalittleovertwothousanddollars
coveringexpendituresbytheDistrictforJulyAugustand
September1970wasfiledagainsttheCityThissuitdidnot
followalloftheproceduressetforthintheHealthandSafe
tyCode

ThesuitwasfiledunderawritofmandateOnereason

forthiswastogainanearlycourtdateTherulingofthe

THEABATEMENTPROCEDURE

JWarrenCook

MaderaCountyMosquitoAbatementDistrict
1928HowardRoadMaderaCalifornia93637
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JudgewasAnunliquidatedclaimcannotbethebasisfor
awritofmandateagainstanygovernmentalagency

Theactionwasruledimproperforthreereasonsprimar
ilybecauseofthewritofmandateTheJudgealsoruledthe
claimwasnotverified asperSection2289andthatthe
wordinginSection2289implyingthatagovernmental
agencyshallrepayanyDistrictcostisnotsufficientto
shortcuttheproceduressetforthintheHealthandSafety
CodeSections22742289Healsoemphasizedgovernment
alagenciesmustbegiventhesamerightsdueprivateciti
zens

Withprivateaswellasgovernmentagenciesathree
partnotificationsystemhasbeendevelopedbytheMadera
CountyMADconsistingofawarningacitationandfi
nallylegalabatementactionTheseareservedonconsistent
violators

Thewarninginformstheviolatoroftheproblemheis
causingandisaccompaniedbyeducationalliteratureinfor
mationregardingwherehemayseekfinancialandengi
neeringhelpandamapofhispropertyshowinghimex
actlywheretheproblemareais

Thecitationisissuedtotheoffenderifthereisnoeffort

madetocorrectthesourceanditcontinuestobeaproblem
totheDistrictItnotifieshimtoappearatadesignated
timeattheDistrictofficetodiscusstheproblemandto
showcauseifanywhyanabatementnoticeshouldnotbe
filedagainsthim

Uptoherewearestillseekingcooperationinsolvingthe
problemAtthispointifcooperationisnotimmediately
forthcomingandatthediscretionoftheDistrictBoarda
legalabatementorderwillbeserved

In1971approximatelyonehundredtwentytwowarn
ingswereissuedanddiscussedwiththeindividualsconcern
edOnlyonelegalabatementnoticehasbeenservedonan
individualHewasorderedtosubmitplansforabatementof
thenuisancewithinacertainperiodforapprovalbytheDis
trictBoardAlthoughtheprojecthasnotbeenthoroughly
completeditappearsheintendstocomply

TheDistrictseriouslyfeelsthatonlyalimitednumber
ofabatementnoticeswillneedtobeservedtoconvincethe
publicoftheseriousnessofthesituationandtheneedfor
themtocooperateintheabatementofmosquitoesontheir
ownproperty

ItisnottheintentionoftheBoardtoseekreimburse
mentofallcostsortocontinuallyharassindividualsRath
eritistoconvincethemitisfortheirownbenefitthatthe

DistricthasmadethechangesithasChangesincultural
practicesthathaveproducedmosquitoesinthepastshould
resultinbettercropshighermilkandmeatproduction
andabetterrecreationalenvironmentaswellasotheraes
theticandpracticalbenefits

Inmyownopinionthewarningsinconjunctionwithin
creasedpubliceducationhavealreadyresultedinelimina
tionormodificationofanumberofexistingsourcesaswell
asmanyintheplanningstage



AjointmeetingwasheldonJanuary141972between
thenorthernandsouthernSanJoaquinregionsAcommit
teeoffivewasappointedtoworkonastepbysteplegal
procedureaswellasauniformmannerofchargingforser
vicesThecommitteeconsistsoftworepresentativesfrom
eachregionandamemberofthestafffromtheStateBu
reauofVectorControlwhowillserveinanadvisorycapa
city

Itishopedthiscommitteewillbeabletoworkoutand
recommendasimplifiedacceptableprocedurethatthedis
trictboardscouldattheiroptionadoptaspolicy

Itappearsthatitisnotasessentialthateachdistrict
necessarilyusethesamewordingintheconstructionofits
formsbutratherthattheproceduresthemselvesbeuni
form

Anotherextremelyimportantfactoristhemannerin
whichchargesareassessedAlldistrictsthatdocharge
shouldbechargingforthesameserviceseventhoughthe
costforthoseservicesmightvaryfromdistricttodistrict
Forexampleaslongasonedistrictischargingforinsecti
cidebutnottheairplaneandaneighboringdistrictischarg
ingforbothwedonothaveuniformityandthiscould
causeproblems

IRRIGATIONMANAGEMENTANDMOSQUITOPRODUCTION

LloydEMyers

USWaterConservationLaboratory
AgriculturalResearchServiceUnitedStatesDepartmentofAgriculturePhoenixArizona

Iwasinitiallyverypleasedtoaccepttheinvitationto
appearonthispanelThenabouttwoweeksagoitsudden
lydawnedonmethatithadbeen18longyearssinceIleft
CaliforniaandthatIreallydidntknowwhathasbeengoing
oninCaliforniamosquitocontrolsincethattimeListen
ingtotheconversationsherehoweveritsoundsasthough
IhavecomebacktothesamesituationIleftIn1954the

chlorinatedhydrocarbonswerefailingtokillmosquitoes
andeveryonewastalkingaboutincreasingsourcereduction
programsTodaytheorganicphosphatesarefailingand
everyoneistalkingaboutincreasingsourcereductionpro
gramsTheonlythingthathaschangedisthenameofthe
insecticidesSoperhapsmyinformationisnotsofaroutof
dateInviewofthistherearetwoproblemsIwouldliketo
onceagainbringtoyourattention

Thefirstproblemrelatestotheadequacyoftheinforma
tionweneedtoreducemosquitoproductioninirrigated
pasturesIwouldliketoquotefromapaperonIrrigation
EfficiencyandMosquitoProductionprintedintheJune
1956issueofMosquitoNews

Humannaturebeingwhatitisthecorrectionofsome
irrigationcausedmosquitoproblemswillhavetobeobtain
edthroughtheenforcementoflawspertainingtopublic
healthpublicsafetyandpublicnuisancesLawenforce
mentisnotordinarilyapopularwayofdoingbusinessand
isusuallyquitedifficultSomeirrigationcausedmosquito
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InDecemberImailedoutsixtythreequestionnairesask
ingifanydistricthadutilizedtheprovisionsoftheHealth
andSafetyCodeeitherforthecollectionofmoniesorfor
theabatementofamosquitosourceIreceivedaresponse
fromthirtysevendistrictsandoftheseelevenhaveused
theCodeseventocollectmoniesTherewerethreethat
planonusingitthisyearandtwohave itsusein

thepastThemajorityfeltadefiniteneedforthedistricts
todevelopauniformprocedureTheinformationandforms
senttomebyotherdistrictswillbeturnedovertothe
committeeendeavoringtodevelopaprocedureandIam
surewillprovetobemosthelpful

Whiletherearethoseofuswhofeelwemusthaveone

procedureforalldistrictstofollowitisnotintendedthat
alldistrictsmustnecessarilyserveabatementnoticesandor
chargefortheirservicesNaturallyitisuptoeachindividu
aldistricttodecideifitwishestotakethisapproachbut
ifitdoesthereshouldbeacompleteupdatedprocedure
availableforittcfollowLengthyprocedureshavebeen
proposedinthepastItishopedthatthesecanbestream
linedwherepossibletobettermeettheneedsofcurrent
districtprograms

problemscanbecorrectedthroughthedesireofsomea
genciessuchasirrigationdistrictsorcountyroaddepart
mentsforgoodpublicrelationsThisapproachdoesnot
alwaysworkasweallknowTheeasiestandbestapproach
inthelongrunwillbetoprovethatefficientirrigationand
waterusepracticesnotonlyreducemosquitoproduction
butsavewaterandincreasecropproductionWewillthen
beintheexcellentpositionofbeingabletoshowthatthe
practiceswhichshouldbeadoptedformosquitocontrol
arethesamepracticeswhichshouldbeadoptedforimprov
edwateruseandcropproduction

Weshouldrememberthatwhenweworktocorrectir

rigationpracticeswhichcausemosquitoproblemsweare
dealingwiththebreadandbutteroperationsoftheirriga
tionfarmerOurcorrectiveprogramsmustbebasedonfacts
notdeductivereasoningTheresearchwedotocollectthe
neededfactsmustbebasedonsoundscientificprinciples
andmustconsiderallaspectsoftheproblemsweareinvesti
gating

Nowthequestioniswheredowestandinregardto
havingthesefacts

Nearlyeverypublicationonirrigationsystemdesignand
managementstatesthatproperfieldlevelingandefficient
irrigationmanagementwillsavewaterandincreasecrop
productionNumerouspublicationsonirrigationmosquito
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productionincludingsomeIhavewrittensaythatproper
fieldpreparationandefficientirrigationmanagementwill
1savewater2reducemosquitoproductionand3in
creasecropproductionSincesomanyexpertssaythat
thesethreethingsaresotheymustbesoOraretheyIn
particulararetheytrueforirrigatedpasture

1Therehavebeenhundredsofstudiesshowingthatim
provingirrigationefficiencysaveswaterWeareonsolid
groundwhenwemakethatstatementbecausewehavedata
toproveit
2Wehaveconductedseveralstudiestoshowthateffic

ientirrigationsystemsandefficientwatermanagementcan
essentiallyeliminatemosquitoproductionwithinfieldsof
allirrigatedcropsexcepticeWehaveareasonableamount
ofdatatobackupthatstatementandwearesafeinsaying
it

3Butwhenwesaythatefficientirrigationincreases
cropproductionwearesayingsomethingwemaynotal
waysbeabletoproveWecanfinddatatoshowthatunder
someconditionsexcessiveirrigationofsomecropscanre
duceproductionIdonotbelievewehaveadequatedatato
provethatthisistrueforirrigatedpasturesExceptfor
someworknearChinookMontanaIdonotbelievewe

havegottenyieldSlatainconjunctionwithstudiesofirriga
tionefficiencyandmosquitoproductionUnfortunately
theMontanastudydoesnotdirectlyapplytoCalifornia
conditionsPerhapsthenecessarydatadoexistbutIhave
notasyetbeenabletofindthemIfthedatadonotexist
weneedtoobtainthemOtherwisewemaybeintheem
barrassingpositionofbeingunabletoprovesomethingwe
havebeensayingforyear

Isaidin1956thatthisworkwouldrequirethecombined
effortsofentomologistsagronomistssoilscientistsirriga
tionengineersandotherspecialistsAndIsaidthatsince
nooneagencyhasallthesespecialistsweshouldworkto
developcooperativeprojectsinvolvingbothpublichealth
andagriculturalresearchagenciesAtthattimewehad
madeagoodstartTheUniversityofCaliforniahadissued
abulletinentitledMosquitoControlontheFarm Agri
culturalResearchServiceengineerswereworkingwiththe
CaliforniaBureauofVectorControlandtheCaliforniaMos

quitoControlAssociationonpastureirrigationandmosqui
toproblemsTheUSPublicHealthServiceandtheAgri
culturalResearchServicehadinitiatedtheMontanastudies

SomeofuswereworkingonastatementofPrinciplesand
PracticesforPreventionofMosquitoSourcesAssociated

withIrrigationwhichwasadoptedasanofficialrecom
mendationoftheAmericanSocietyofAgriculturalEngi
neersin1958In1958theWaterResourcesCenterofthe
UniversityofCaliforniaissuedareportonSuggestionsfor
ResearchinWaterResourceswhichincludedtworesearch

proposalsrelatedtomosquitoproblemsButtherethetrail
endsatleastinthepublicationsinmyfilesApparentlywe
havelostcontactinsomeareasthatseemtometobeim

portantandthatisthesecondproblemIwanttomention
hereIwillnotbelaborthepointformostofusareaware
ofitThereishoweveronepieceofevidencethatshould
bebroughttoyourattention

AdocumentwaspublishedinOctober1966thatwas
entitledANationalProgramofResearchforAgriculture
Thisrecommendedprogramwhichisnowarequiredrefer
enceforagriculturalresearchplanningwaspreparedbythe
AssociationofStateUniversitiesandLandGrantColleges
andtheUSDepartmentofAgricultureMorethan100ex
pertsintendedtorepresentallaspectsofagricultureparti
cipatedinpreparingthereportThereportis272pages
longlistsmultitudesofagriculturalproblemsneedingre
searchandrecommendstherelativeeffortneededonthese
problemsThewritersofthereportwereconcernedwith
environmentalproblemscreatedbyordetrimentaltoagri
cultureThelistedproblemsrelatedtosuchthingsasanimal
wastesfertilizerspesticidesanddustResearchonmos
qutioeswasmentionedintermsofbiologyinsecticides
repellentsandbiologicalcontrolsButnowhereisthere
mentionofenvironmentalorpublichealthproblemsasso
ciatedwithirrigationThismeanstomethatthepeople
preparingthisreportwerenotfamiliarwiththemagnitude
orimportanceofirrigationcausedmosquitoproblems
whicharecertainlynotconfinedtoCaliforniaThepeople
whoareplanninganddirectingagriculturalresearchpro
gramshavenotyetgottenthemessageoriftheyevergot
ittheyhavenowforgottonit

IwillclosebyrepeatingwhatIsaidin1956Weneedto
developinformationtoprovethatproperirrigationincreas
escropproductionaswellassavingwaterandreducingmos
quitoproductionThiswillrequirecooperativeeffortby
bothpublichealthandagriculturalresearchagenciesWe
mustexploreandexploitallpossiblemeansofdeveloping
thatcooperationPerhapsyouhavedonethisoraredoing
itorhaveplanstodoitIfsoIextendmycongratulations
andbestwishesIfyouhavenotthenallIcansayis
timesawastingLetspulluptheanchorandstartpaddling
Andletsallpaddleinthesamedirection



ECONOMICCONSIDERATIONSINPASTUREREHABILITATION

ReubenJunkertandArmandPQuintana
CaliforniaStateDepartmentofPublicHealth

BureauofVectorControlandSolidWasteManagement

Economicsofpasturerehabilitationisnotapureanaly
ticalproblembecausewedealwithpeoplewhomakeland
useandmanagementdecisionsthatreflecttheirpersonalde
siresneedsandattitudesInmanycasesrehabilitatedpas
turesstillwillneedanintegratedprogramofchemicalsand
biologicalcontrolstominimizetheproductionofmos
quitoesProperwatermanagementisbasicandhasbeen
describedbySutherlandetal1967asto1eliminate
thewaterbydrainingorfilling2keepthewatercirculat
ingand3maintainthewaterinamannerunsuitablefor
mosquitoesAnotherbasicrequirementisDontapply
morewaterthannecessary Otherresearchershavestudied

theproblemandarrivedatsimilarconclusions
Sourcereductionincludesgoodwatermanagementand

oftenrequiresphysicalchangesinthelandThelatteral
ternativeisinmostcasesnowalmostentirleydependent
onthelandownerswillingnesstobearthecostofmaking
physicalchangesinhislandWhenadvocatingchanges
sourcereductionpersonnelshouldbereadytoadviseon
sourcesofeconomichelpthatmaybeavailabletotheland
ownerwhoiswillingorrequiredtomakethesenecessary
andgenerallyexpensiveimprovementsAlternatedesigns
andrelatedcostsmustbeinvestigatedsothattheownerhas
someflexibilityallowinghimachoiceamongseveralposi
tivemethodsratherthanforcingayesornoanswer
Majorconsiderationssuchasdirectaiddepreciationcrop
yieldsandincometaxbenefitsareallpartoftheeconomic
picture

DIRECTAIDFederalassistanceprogramsdesignedtoaid
farmersinreclamationprojectsarequiteoftenunknownto
thelandownerorheisunwillingtoparticipatebecause
properengineeringisrequired

WithinthefederalgovernmenttheAgriculturalStabili
zationandConservationServiceASCSUSDepartment
ofAgricultureadministerstheRuralEnvironmentalAssist
anceProgramREAPwhichisdesignedtoaidfarmers
inamongotherthingsconservationoffarmresources
Throughthisprogramthefederalgovernmentsharesinthe
costofconservationpracticeswhichreducepollutionpro
tectthesoilprovideformoreefficientuseoflandand
waterbenefitwildliferetainopenspaceandbeautify
thecountrysruralareasInthisprogrameachcountyse
lectsapplicablepracticesfromastatewidelistandcost
sharingisauthorizedonthebasisofalandownersneedand
benefitscreatedTodetermineeligibilityalandownermust
contactthelocalASCSofficeandfileaformalapplication
forcostsharingbeforedoinganyworkontheproject

1MosquitoSurveillanceandPreventionOfficeBuildingNo9
744PStreetSacramentoCalifornia95814

2MosquitoSurveillanceandPrevention5545EastShieldsAve
nueFresnoCalifornia93727
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Mosquitocontrolhasnotbeenincludedintheprogram
asaconservationpracticeandisthereforenoteligiblefor
costsharingEffortsarebeingmadetodefineapractice
aimedspecificallyatmosquitocontrolmeasuresIfapproved
andsuccessfulthiscouldbecomeaveryimportantmeans
ofmosquitopreventionandlandimprovement

Meanwhileseveralofthecurrentcostsharingpractices
intendedforcontrolofpollutionalsohavetheeffectof
reducingoreliminatingmosquitobreedingsourcesThis
benefitisinherentinthefollowingREAPpracticeswhich
canbeencouragedwhenamosquitoproblemexists

1Constructionofterracesystemsditchesordikes

2Specialstreambankorshoreprotectionprojects
3Reorganizingirrigationsystems

4Animalwastestorageanddiversionfacilities

5Tailwaterrecoverysystems

Exceptforcertainpoolingagreementscostsharingforthese
practicesvariesfrom50tocommonupperlimitsof500
or2500perpersondependingonthekindofprojectand
locallimitsRegardlessoftheprogramormonetaryamount
availablecostsharingbythefederalgovernmentcanbe
lookeduponasapossibleincentiveforthelandownerto
makeimprovementswhichwilldirectlyorindirectlyelimi
nateorreducemosquitoproductiononhisland

CostsharingthroughtheREAPprogramproducestax
ableincomethereforethebiggestbenefitisincashflow
Thistaxableincomewillbediscussedinlaterparagraphs

IMPROVEDYIELDTheusualapproachistodetermine
whethersourcereductioncostswillbeselfliquidatingby
increasedyieldsUnfortunatelytheanswertothisapproach
isnotalwayssimpleManyfactorsdeterminethefeasibili
tyofmakingachangeamongthemtheoriginalcondition
ofthelandamountoflandlostduetopoorwatermanage
mentamountoflandthatwillbereclaimedorimproved
useofthelandexpectedincreaseinproductionandper
hapsthebiggestvariableofallwatermanagementpractice
Watermanagementcanmakeorbreakalmostanyproject

INCOMETAXExpendituresforimprovementstolandor
facilitiesfallintotwocategoriesoperationalandcapital
Operationalexpendituresaredeductibleitemsforbothstate
andfederalincometaxpurposesbutthecostofcapitalim
provementscanonlyberecoveredbydepreciationextended
overtheusefullifeoftheasset

Operationalcostsincludesuchitemsasfertilizersseed
landtaxandcertainexpendituresforlevelingregrading
terracingditchingUndercurrentInternalRevenueService
rulesrelevelingshouldbefullydeductibleprovidedthatthe
costislessthan5000or25ofgrossincomeorcan
qualifyasaSoilandWaterConservationPractice Prac

ticesthatqualifyasSoilandWaterConservationPractices
haveonlythe25limitationperyearandexcessamounts
canbecarriedovertosucceedingyearsInterpretationof
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theguidelinesisnecessarytodeterminewhetheranimprove
mentisanoperationalcostoraSoilandWaterConserva
tionPractice

Itappearsthatsourcereductionwherewearedefinitely
tryingtoencouragegoodwatermanagementwouldauto
maticallyqualifyasaSoilandWaterConservationPrac
ticeOneexceptionisgivenintheInternalRevenueTax
GuideExpendituresmadetochangetheuseoftheland
willnotqualifyForexampleifpasturelandispurchased
andpreparedforuseasacilrusgrovesuchexpenditureswill
notqualify

Capitalimprovementsarethosewhichhaveausefullife
ofmorethanoneyearandaresubjecttoanallowancefor
depreciationExamplesareconcretepipedraintilewells
andconcretestructuresDevelopmentofnewlandisgen
erallyacapitalimprovementInouropinionrecoveryof
thesecapitalcostsbydepreciationisnoincentivetomake
improvements

LANDTAXTheCountyAssessordeterminesthepoli
ciestobefollowedinassessingimprovementsmadeonthe
landHeinturnisboundbypoliciessetupbytheCounty
BoardofSupervisorsandstatelaw

Countytaxesonfarmsarebasedonthemarketvalueof
thelandandonimprovementsthereonLevelingfarmland
installationofirrigationpipelinespumpsandotherirriga
tionfacilitiesaregenerallyconsideredimprovementsthat
tendtoincreasethevalueofthefarmandaretherefore
taxableRegradingpreviouslyleveledlandisgenerallycon
sideredtobeamaintenanceoperationandwillnotneces
sarilyresultinhigherlandtaxesThispossibleincreasein
landtaxisnearlyalwaysafavoredargumentorjustification
fornotmakingimprovementsItalsobecomesasensitive
spotformosquitoabatementandsourcereductionperson
nelwhenimprovementsaredesiredforabatementpurposes

ABATEMENTDISTRICTEQUIPMENTANDFARMERRE

SPONSIBILITYThereexistpasturesthatcannotbeeco
nomicallyrehabilitatedTheargumentthatthelandowner
whorelevelshislandinstallsapipelineorawaterrecovery
systemalsoreapsgreatfinancialbenefitsfromtheimprove
mentssometimesbecomesweak

Thisistheareawhereabatementdistrictequipmentand
personnelcanbeusedtogoodadvantageTheownermay
needtobeeducatedandhisoperationmighthavetobeim
provedbutitwouldberealisticforthedistricttospend
somemoneytomakephysicalchangestoreducemosquito
productionratherthancontinuetoapplyinsecticideswith
nothoughtofgettingtotheheartoftheproblemBothare
akindofsubsidybutsourcereductionwouldbeacon
structivemoveintherightdirectionThishassomefringe
benefitsThechancesaregoodthattheworkwillbedone
correctlyandthetotalcostcouldbelessbecauseofthe
higherratesandgeneralreluctanceofmanycommercial
firmstotakeonsmalljobs

Anotherapproachtowardthesolutionoftheuneconom
icalprojectsismakingthefarmerawareofhisresponsibility
Theuneconomicalprojectshouldnotbealicenseforhimto
continuehismethodofoperationtherebycreatingapub
licnuisanceandpossiblehealthhazardThepresenttrendof
growingpublicinterestincontrolofchemicalsnoisewater
andairpollutioncanalsobeextendedtocontrolofmos
quitoes

PASTUREREHABILITATIONEXAMPLESThefollowing
twoexamplescanbecalledeconomicextremesinpasture
rehabilitationbecausetheanswertoeachwasclearcutbut
betweenthesetwoextremesarecountlessvariationsand

eachcasemustbeevaluatedbeforeimprovementdecisions
andrecommendationsaremade

Theseexamplesarecasehistoriesfromthefirstsix
monthsoftheMosquitoSurveillanceandPreventionUnit
sourcereductionefforts

Example1Approximately39acresweretakenoutof
irrigatedpasturereleveledandwillbeused
forrowcropsoatsandcornTheoriginal
conditionofthepasturewaspoorWeeds
andwatergrasseswereabundant

ThefollowingfiguresshowthepotentialAllfiguresare
approximateandhavebeenroundedoff

Improvementcosts

Levelingandlandplanning 57acre
Concretepipeandturnouts 116

Subtotal 173

Estimatedcostsharing 13

NetCost

TotalCost6240

Income

Valueofoatscrop
Valueofcorncrop

Subtotal

160acre

75acreyear
120

195

Overhead 100

Netgainaboveoverhead 95acreyear

Presentworthofpasture 50

Netgainaboveoriginalreturn 45acreyear

Assuming500ofthepipelinecostispaidbyfunds
fromoutsideagenciestheoutofpocketcashwouldbea
bout160acreor6240At8interestthe45acregain
willamortizethe160acreimprovementinlessthanfive
years

Forincometaxpurposesthelandlevelingandplaning
wouldbedeductibleexpenseanddepreciationwouldbe
allowedonthepipelineandpermanentstructuresAtthe
19federaltaxbracketthiswouldsaveabout515instate

andfederalincometaxbutthe500pipelinecostsharing
incurs105additionaltaxsothebenefitisreducedto410
Thisthengivesafinaloutofpocketcostof5830The
pipelineandturnoutshavetobedepreciatedovertheir
usefullifeofapproximately20yearsTheeconomicsofthe
projectpointedclearlytowardsmakingthechangebutno
oneknowswhetherthefarmerwillcontinuewithrowcrops
orgobacktopastureAshehimselfsaidPromisingtonot
gobacktopermanentpasturewouldbelikepromisingnot



togetsickCostofchemicalmosquitocontrolfor1970
and1971was384and562respectivelyComparethese
figureswith2260receivedin1971fromtaxationformos
quitocontrol

Example2Tailwaterreturnsystemfora20acreparcel
Aboutsevenacreshavebeenpartiallyoren
tirelylostApproximatelyoneacrewould
beusedasasumpandsixacreswouldbere
turnedtofullproductionAssumethesix
acreshavea50increaseinproductionat
50acrethetotalbenefitwouldbeabout
150Thefollowingfiguresareapproximate
estimates

Costofthepondpumppipeandfacilities3935

Costsharing 1228

Outofpocketexpenditure

Assumeinterestat8 Thiswouldamounttoapproximate
ly217interestperyearWithonly150fromincreased
yieldstheprojectisnoteconomicallyfeasible

Theincometaxsituationdoesnothelpbecauseonly
650ofthetotal3935isadeductibleexpenseandthis
amountwouldbeoffsetbyanadditionaltaxableincomeof

1228fromcostsharingTheremaining3285wouldhave
tobedepreciatedoverapproximately20yearsat164year
Nettaxableincomewouldthereforebe347Againthe
biggestbenefitfromcostsharingisincashflow

Thefiringlinesoundslikeweareopeningupanew
frontinthewaragainstmosquitoesandweare

Thatnebulousareawhereweworkandwherethegeneral
publiclivesandwherethemosquitoproducermakesaliv
inghasalwaysbeenashiftingkaleidoscopeoffinancialbur
densandresponsibilitieslegalrightsandmoralobligations
andthequestionalwaysarisesastowhomakesthedecision
whichbelongstowhom

Forthelast25yearswehavelivedintheeraofchemical
controlWiththeexceptionofafewminorflurriesinlocal
izedareastherehasbeenlittleincentivetodeviateveryfar
fromthisobviouslysuccessfulchemicalapproachtomos
quitocontrolHoweverthatslymosquitoandfathertime
havecalledournumberandwhetherwelikeitornotsome
majorchangesareintheoffing

Gentlemenwehavebeeninarutoverthepast25years
withourdaytodaychemicalapproachtomosquitocontrol

2707 5UseofMADequipmentwouldbeoneofthebestways
todonecessaryworkonuneconomicalprojects

6Anuneconomicalsituationshouldnotbealicenseto

producemosquitoes

THEFIRINGLINE WHATSGOINGON

GeorgeRWhitten

DeltaMosquitoAbatementDistrict
1737WestHoustonAvenueVisaliaCalifornia93277
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CONCLUSIONSConsiderationofthevariousaspectsof
economicsinsourcereductionleadsusthentothefollow
ingconclusions

1CostsharingbyREAPproducestaxableincomebutre
ducesthecashflowproblem

2Someprojectscanbejustifiedonthebasisofincreased
yieldsandthispotentialshouldbeaneffectiveargu
mentformakingimprovements

3Incertaincasesincometaxlawscanprovidesomein
centiveforthefarmertodosourcereductionwork

4Landandimprovementtaxesmaybeincurredwhen
sourcereductionincreasesthevalueofthepropertyIn
thepublicinteresttherewouldbesomemeritinlegisla
tionthatwouldprovideadditionalpropertyandincome
taxbenefitstolandownersoroperatorsthatmakesource
reductionimprovementsattherequestofapublicagen
cy

SutherlandDJDMRobbinsandLEHagman1967Source
reductionthroughwatermanagementProcCalifMosq
ControlAssoc353133

andyouknowwhatarutisAgravethatisopenatboth
endsSoitisabouttimewegotoutofit

Manymanagersoverthelast25yearshavebeenchemi
callymindedandtothemandtheirboardsoftrusteesawell
organizedsprayprogramwastheanswertomosquitocon
trolperseThiswasjustifiedbythelimitedbudgetsof
manydistrictsandunfortunatelythedistrictsthatneeded
relieffromtheoverwhelmingburdenofachemicalprogram
mosthadlittlemoneyavailableforsourcereductionorany
otheroptionwhichpromisedsomepermanentrelief

Thevarietyofcomplexcombinationsofprogramsthat
willevolveoverthenextfiveyearsshouldbequitespecta
cularShiftingfromachemicalcontrolprogramtotheother
optionsopentouswillcallforimaginationandplanning
abilitywhichshouldmakecomplexitytheorderoftheday

Planningforthisshiftingprogramshouldbedoneonthe
basisoftotalneedsThegroupsinourlocalsocietywhich



38

willbeexertingpressureonourprogramswillseetoitthat
wedontgettoofaroutoflinebutweshouldstayastep
aheadofthepressuresifwearegoingtobesuccessfulThe
staffingofthesenewprogramswillrequirepersonnelwith
newskillsandtrainingprogramscandevelopabilitiesinour
existingpersonnelthatwehaventusedyetThetimeele
mentisveryimportantWeareatthepointnowwhenthis
resistancecrisescouldpeakintheearlypartofthecoming
seasonHowmuchplanninghasbeendoneThisshiftover
shouldbeacceleratingbutisit

Thegeneralpublichasbeenrelativelyfreefrommos
quitoesformanyyearsandlikesitItisridiculoustothink
theywillputupwiththeproblemasitwasbeforeoreven
slightlyworsethanitiswithoutrepercussionsPhoneswill
ringoffthewallandhystericalwomenwillgetveryhyster
ical

Themosquitoproduceristhepersonwehavetoreach
earlyenoughtolessentheimpactandgivebothofustime
andopportunitytoworkouttheseproblems

Themosquitoproducerandagricultureingeneralisun
dergoingamajorchangefromthesmallfamilyfarmtothe
largecorporateentityTheselargeconglomeratesshouldbe
easiertoworkwiththanthesmallfarmerandareunder

morepressuretodotherightthingbecauseoftheirsize
andthefactthattheyhavethefinancialmuscletodothe
regradingorinstalltheirrigationordrainagesystemwhich
isuptothemodernstandardsnecessarytosolveourprob
lem

Theimportanceofintelligentlabortooperatethesepro
perlyengineeredfarmingenterprisesisanotherfactorwhich
isonlynowbeinggiventheconsiderationsitdeservesWe
havealwaysbeenupagainstanunskilledoranoverextend
edlaborfactorwhichhasfrustratedeffortstocontrolareas
whichshouldneverhavebeenproblemstobeginwith

Atthistimewehavetheattentionofthemosquitopro
ducerTherealizationthatthisresistanceproblemisrealis
finallygettingthroughtohimTheecologygroupshaveal
readyreachedhimwithcleanairwaterandrestrictedchem
icaluseandhedoesntwantthemtozeroinonhimfor

pollutingtheenvironmentwithmosquitoesHeiswilling
tomakeconcessionswhichwecanutilizetocuresomeof
ourbasicproblemssuchasregradingpasturesinstalling
drainditchandreturnsystemsandcontrollingtheapplica
tionofirrigationwater

Thisbringsuptheuseofanequipmentprogramasa
supplementoratoolinthesourcereductionprogramof
somedistrictsThishasworkedoutverywellforsomedis
trictsandIthinkthatthesedistrictsarewellsatisfiedwith
theresultsoftheirequipmentprogramIknowatDelta
MADwearesoldonthisapproach

Theabilitytomakeapositivesuggestiontoafarmer
andthenfollowthroughwiththeactualconstructionofthe
suggestedstructureorimprovementhasdistinctadvantages
forboththefarmerandtheDistrict

Manydistrictsforthefirsttimeareseriouslyconsidering
asourcereductionprogramThisisamajorchangeinadis
trictprogramandwillshowverylittlepositivemosquitore
ductionforthefirstfewyearsInthepastmanydistricts
havebeendiscouragedbythislackofprogressthesefirst
yearsThisisaverynormalsituationwhichshouldbeex
pectedTheeducationofthenewsourcereductionmanand
theeducationofthefarmersinthedistrictisnosmall

matterandrequirestheapplicationofmuchpatienceper
sistenceandplanning

Sourcereductionisbynaturealongtermprogramand
hasmanyfacetswhichmustbeusedtocomplementeach
otherIfwecanhandlethesemanyfacetsintelligentlythey
canhelpstrengthenourprogram

Educationofcourseisbasicandshouldbedirected
veryspecificallytothegrouportothephaseofthepro
gramwhichhasacurrentneedatthetimeAnexampleof
thisisthecriticalneedtoinformthegeneralpublicfarin
advancetothebuildupofresistanceThisneedhasbeenrec
ognizedandisbeingattendedtoatthistimeTheap
proachingseasonwillappriseusastothesuccessofouref
fortsinthisdirectionWehaveacriticalneedforthesup
portofthegeneralpublictoourcomingseasonsprogram
Thereareboundtobemanyproblemsinvolvedinourpro
gramchangeoverwhichwillneedunderstandingandpa
tiencebythepublic

Thesecondphasetooureducationalapproachistocon
tactthemosquitoproducerThisiswhatBobTurnerand
IareconcentratingonnowTherearenoinstantaneousre
sultshereeitherAdvanceplanningisthekeyandthefact
thatthedistrictthemosquitoproducerandthegeneral
publicareintimatelyinvolvedinthesolutiontotheprob
lememphasizestheimportanceofstimulatingsomeaction

Westartedamajorshifttosourcereductioninthefallof
1969attheDeltaDistrictBobTurnerandIteamedupto
contactourmajormosquitoproducersonayearlybasisto
presenttheresistanceproblemtotheproducerandaskfor
hishelpWhenIsayaskthatisjustwhatwehavebeen
doingWehaventthreatenedortriedtocoercebutwe
haventmincedwordsorleftanydoubtastowhowasre
sponsiblefortheproblemTheproblemwasplacedbefore
themandourfirstsuggestionwastoreplacethepasture
withanothercropInmanycasesthiswasnotpossiblebe
causeofsoilproblemswhichmakeitimpossibletogrow
anyothercroponthesealkalisoils

Oursecondsuggestionwastoregradethepastureinstall
pipelinedrainditchesandareturnsystem

Ofcoursewedidntexpectthesesuggestionstobetaken
upimmediatelyandofcoursetheywerentbutasthepres
sureincreasesandalreadyitisbeingfeltweseemoresigns
ofthesesuggestionsbeingimplementedbyactualchanges
Ibelieveverystronglythatthefarmerdeservesafaceto
facecontactwithadistrictrepresentativeandshouldhave
theopportunitytounderstandtheproblemthoroughlyand
thedistrictspositionandresponsibilitybeforeanybillsare
submittedorlegalactionisinstitutedWhenthesestepsare
takenitisanadmissionthateducationpublicrelationsper
sonalcontactsandeveryotherapproachtotheproblem
havefailed

TobringthispapertoacloseIwouldliketoleaveyou
withafewquestionswhichwewillallhavetoanswersoon

Inourattemptstosolveourproblemsistheobjective
onlytogainattentiontothemosquitoproblemorshould
wealsoconsidertheimagewepresenttothefarmerthe
publicandtoourlegislators

Asabasicallytechnicalassociationcanweaffordtobuild
aloserimageCanwestandmanyadversecourtdecisions
andcanweaffordtomakedemandsthatlegallywecant
backupIwouldntpresumetotrytoanswertheseques
tionsbutIdothinkthateverydistrictinthestateshould
considerthesequestionsveryseriouslybeforetheyreorgan
izetheirprograminthisdirection

IthinkweallrememberProfessorHermsandrespecthis
broadoutlookonmosquitocontrol1wouldliketoquote



fromapaperonPublicRelationsgivenbyProfessorHerms
atthe16thConferenceoftheCMCAin1948

Weshouldnotforgetthatinthepracticeofmosquito
controlweareactuallyengagedinaneducationprogram
andeducationisaslowprocessrequiringmuchpatience
Eventhebadgeofyourofficeifauthorizedtoweara

NATURALISTICAPPROACHES APRACTICALAPPRAISAL

Inreviewingtheprogramofthecurrentsessionitwas
gratifyingtoseetheincreasedemphasisonmosquitoand
naturalpredatorbiologyandpotentialmeanstomanipu
latethesepopulationstoouradvantageInpresentingmy
viewsonnaturalisticcontrolapproachesIhavechosento
discussoperationalmethodsofpredatorpreymanagement
availableinthenearfutureadeparturefromthecustomary
reviewoftheannualstatusofpotentialbiologicalcontrolor
ganismsLetmebethefirsttoconcedethatmoreworkis
neededbeforeamanagedandsophisticatedbiologicalcon
trolprogramcanbeintegratedwithmostcurrentoperation
alprogramsHoweverIbelievethefoundationneededon
whichtobasesuchaprograminseasonalwatershasbeen
laidduringthepasttenyearsprincipallybyUniversityof
Californiaresearchworkers

Comprehensivepredatorpreystudiesinricefieldhabi
tatsbyWashino19681969WashinoandHokama
1967andAhmedetal1970suggestingpotentialtech
niquesformanagementofGambusiaaffinisBairdand
Girardfeedinghabitsiethroughcrustaceanpopulation
suppressiveinsecticideoralgaecontrolapplicationsand
studiesbyMulla196119661970MullaandIsaak
1961Mullaetal1966andHurlbertetal1970on
methodologyfortheintegratedcontrolofmosquitoesde
serveparticularpraiseRecentworkbyHoyetal1971
ontherelationshipofGaffinispopulationdensityandrice
fieldmosquitocontrolisequallyvaluable

Thesuccessfulutilizationandmanipulationofbiological
controlorganismsrequireastableorsemipermanenten
vironmenttopermitpredatorpreybalancestoestablishIf
mosquitobreedinghabitatsareclassifiedbydurationinto
thoseinwhichwaterremainslessthanandgreaterthana
threeweekperiodsourcereductionpracticescurrently
standasthebestremedialsolutionfortheformerRegard
ingsemipermanentwaterswhichdonotlendthemselves
tosourcereductionofeliminationmeasuresdevelopment
ofthenecessarytechnologytoobtainacceptablelevelsof
mosquitocontrolwithminimalchemicaltreatmentthrough
managementofpredatorpreypopulationsisforeseenwith
inthenextfewyearsviainoculativeandinundativereleases
ofmassproducednaturalpredatorsfunctioningassemi
permanentbioticinsecticides

RobertDSjogren

KernMosquitoAbatementDistrict
P0Box1271BakersfieldCalifornia93302
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badgeshouldbeusedsparinglyexceptasameansofidenti
ficationTherearerareinstanceswhenyoumayneeda
badgeofauthorityasarecognizedprocedureingaining
goodpublicrelationsOrdinarilytheforcefuluseofauthor
itytospeedupaprogramonlyresultsinpoorpublicrela
tions

Theincreasedconcernonthepartofmanymosquito
abatementdistrictsintheCentralValleyoverinsecticide
resistancelevelswhichmakeitdifficulttoobtainadequate
levelsofcontrolwithconventionalphosphateinsecticides
andthelesspressingbutequaldesireforbettercontroltech
niquesatreducedcosthaveinrecentyearsbroughtabout
areappraisalofmanydistrictprograms

Perhapsoneofthegreatestneedstoobtainmaximum
benefitfromcurrentcontrolpracticesisanindepthreview
andcontinuedresearchontheecologicalrequirementsand
lifecyclesoftargetmosquitospeciesduringdifferent
monthsoftheyearSuchinformationhasalwaysbeenre
cognizedasimportantbutIbelieveinmostinstancesithas
notgiventhedepthofinquirywhichitdeserves

AsanexampleincooperativestudieswithDrsReeves
andHardyUniversityofCaliforniaSchoolofPublic
Healthonthemechanismsofinsecticideresistancevirus
susceptibilityandautogenyratesinfieldCulextarsalis
populationsmarkeddifferenceswerenotedbetweencol
lectionareasVaryinglevelsofautogenyrecordedfrom
differentlocationsthroughouttheseasonattractedparti
cularattentionAutogenyratesduringmidseasoninmany
duckclubandirrigationtailwatersexceeded80percent
LabdissectionsbyMrMikeWintersrevealedthefatbodies
accumulatedduringlarvaldevelopmentandcarriedoverin
totheadultstagewhichareusedasanenergysourcefor
extendedflightinsearchofbloodbyanautogenousfemales
areapparentlymetabolizedinthedevelopmentoftheauto
genouseggraftWithoutthisenergyreserveflightsofany
distanceareunlikelyThequestionwhythencontrolout
lyingCtarsalisbreedingareasduringperiodsofhighauto
genywasexploredonanoperationalbasisthispastsummer
Whiletimewasnotavailableforacriticalevaluationover
3000acreswereleftuntreatedwithoutmarkedincreases
inadjacentlighttrapcollectionsorservicerequestsRe
ducedgeneflowbetweenregionalpopulationsofthismos
quitoifsuchexistsmayalsoexplainthemosaicpatternof
greatlydifferinglevelsofinsecticideresistanceobservedin
adjacentfieldpopulationsinareasofCalifornia

LookingwithoptimismtothefuturetheKernMosquito
AbatementDistrictembarkedduring1971onaresearch
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programtodevelopthetechnologynecessaryforoperation
alutilizationoftwopredatorsconsideredtohavethegreat
estpotentialasbiologicalcontrolagentsofmosquitoes
RegardingthefirstGambusiaafishplantingdevicefor
attachmenttothedistrictsBell47Ghelicopterwasdesign
edconstructedandfieldtestedprovingitselfunderoper
ationalconditionsFouranestheticswerescreenedformass

transportofGambusiathebestbeingpropoxateat0102
ppmThefishtrapCaton Sjogren1969wasfurther
modifiedassuggestedbyMrThomasDMulhernfroma
conetoaverticalslityieldinga7daymeancatchof71
lbs5310fish

Lastspringaninvestigationwasinitiatedtoalleviatethe
annualproblemofcoppersulfateapplicationskillingGam
busiaduetogrowerspracticesofraisingtheapplication
ratetoitsmaximum101b3acreieapproximately7ppm
inthefieldwaterinanefforttoobtainbetteralgaecon
trolPublicationsofEllms1905andBanerjeaandMitra
1954demonstratedthatcoppersulfatewasineffectivein
killingalgaeevenatconcentrationsashighas10ppmin
alkalinewatersduetoprecipitationofcopperionsbyhy
droxideandcarbonateions

Labbioassayswithchelatedsolutionsofcoppersulfate
onGambusiadeterminedthecombinationproducingthe
leastmortalityovera24hourperiodtobearatioof108
partscoppersulfatecitricacidTable1Asubsequent
70acrericefieldapplicationofthiscombinationatatarget
concentrationinthefieldwaterof3ppmcoppersulfate
appliedinamixedfinecrystallineformofeachmaterialin
burlapbagssuspendedfromweirboxesatapproximate15
acreincrementsproducednoGambusiamortalityandin
theopinionofthegroweragoodlevelofalgaecontrol

Iffurtherfieldtrialsconfirmthegreateralgicidalefficacy
ofthiscombinationinalkalinewatersandregistrationis
availableforthiscombinationeachnowindividuallyap
provedapotentialmaterialsavingsofinexcessof100
peracrewouldlikelyinducegrowerstoconverttoitsuse
Thedisadvantageoflabornecessarytoinstallcommercially
mixedandburlapbaggedmaterialsatweirswithinthefield
isoffsetbyavoidedaerialapplicationcosts

Hatcheryfeasibilitystudiesarecurrentlyinprogressto
investigatethepossibilityofmassrearingGambusiawiththe
objectiveofprovidingadependablesourceofthequantities
desiredforoperationaluseInitialemphasisisbeingplaced
onevaluationofmechanicalseparationdevicestoprevent
adultpredationoffryatbirthandmaximumadultdensity
levelsundercontinualwaterexchange

Thesecondpredatorconsideredtohavethegreatest
potentialasabiologicalcontrolagentisabackswimmer
withawidedistributioninCaliforniaNotonectaunifasciata
GuerinThisinsectisunderinvestigationinacooperative
studywithMrJackHazelriggUCRiversidetodetermine
theshelflifeofeggsofthisspeciesundercoldstorageNo
tonectidaehavebeenconsideredbymanytobeamongthe
bestinvertebratepredatorsofmosquitoesHearle1926
Hinman1934Clarke1938Lee1967andEllis Borden

1970the5nymphalinstarspreyingonlarvaeaswellas
theadultReportedpredationratesvarywiththespecies
andtemperatureaveraging3050perdayThelifecycleand
laboratorycultureofNunifasciatahasbeenelucidated as

aresultofMrHazelriggsdoctoralresearchIftheeggsof
thisfamilyofinsectscanbestoredatthecorrectembryo
logicalstagefor23monthspermittingcolonymasspro

Table1ToxicityofcoppersulfatetoGambusiaaffinis
incombinationwithvariousconcentrationsofcitricacid

Dosageppm Average24Hour
CuSO4 CitricAcid PercentMortality

70 0

70 14

70 28

70 42

70 56

70 70

89

55

18

2

0

1

aTestswereconductedingallonjarscontaining3000mloftapwat
erat75 3Fwith3replicatesof8fishjar

ductionandsubsequentrefrigerationthisinsectgroupmay
wellearnaplaceinmosquitocontrolequaltothatof
Gambusia

Intheendthemaximumutilizationofnaturalisticmeth
odsformosquitocontrolwilldependasDrAWABrown
hasaptlyputitontheknowledgeresourcefulnessand
persistenceofthedirectorofoperationsconcerned
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FlitMLOhasbeenusedbytheOrangeCountyMos
quitoAbatementDistrictsince1968onacontinuousoper
ationalbasisIn1968FlitMLOwasevaluatedinaten

squaremileurbanareainnorthernOrangeCountybyPer
ruzzi1970FlitMLOwastestedagainin1969onalarger
32squaremileurbanareawhichwas110ofthetotalurban
areaintheDistrictAstheresultoftheseevaluationsFlit
MLOwasusedontheentire320squaremileurbanarea
withintheDistrictin1970Kimball1970

BecausetheDistrictControlOperatorsfeltthatFlit
MLOwasnotperformingtoexpectationsinseveralsources
duringthesummerof1970anevaluationwasproposedfor
the1971seasonThepurposesofthisoperationalevaluation
werethentodeterminetheefficacyofFlitMLOinthe
operationalzonesoftheDistrictwiththeirslightlydiffer
entgeographicandclimaticconditionsandtodeterminethe
causeoffailuresinthesesources

ThisevaluationwassupposedtotakeplaceinJulyand
Augustof1971whichwouldbetheDistrictsmonthsof
highestmosquitoproductionandhighesttemperatures
HoweverdatafromonlyJulyweregatheredbecauseAugust
1971wasthemonthwhenCaliforniawashitwiththethreat

Sourceswith

ZoneNo goodcontrol

2 7 0

Total

OPERATIONALEVALUATIONOFFLITMLOINTHE

ORANGECOUNTYMOSQUITOABATEMENTDISTRICTINJULY1971

GilbertLChalletandRalphFHavickhorst

OrangeCountyMosquitoAbatementDistrict
P0Box87SantaAnaCalifornia92702

Table1SummaryofResultsbyOperationalZone

Sourceswith

poorcontrol

4 8 1

5 9

6 8

7 6

8 7

ofsources

notreduced52

1

2

1

2

45 7

865 134

Total

10

10

7

9

52

100

41

ofmosquitoesassociatedwithCaliforniaricefieldsaprogress
reportProcCalifMosqControlAssoc384950

WashinoRKandYHokama1967Preliminaryreportonthe
feedingpatternoftwospeciesoffishinaricefieldhabitat
ProcCalifMosqControlAssoc358487

ofVenezuelanEquineEncephalomyelitisandpersonnel
werenotavailableforthisevaluation

Theinvestigationwasdesignedtoevaluatetensources
ineachofsevenoftheDistrictseightoperationalzones
howeveronlysixzoneswereevaluatedThesesourceswere
selectedbytheVectorEcologistandtheZoneOperatorus
ingthefollowingcriteriasourcemustbeonaregularrou
tinesprayroutesourceshouldhavecontinuousbreeding
sourceshouldnotbeuniqueandsourceshouldhavenoor
verylittlerunningwaterTheseasonaloperatorsdoingthe
sprayingwerenotadvisedthatthisevaluationwastaking
place

Fourqualitativeandquantitativeinspectionsofeachof
the60sourcesweremadeduringtheinvestigationpre
treatment24hourposttreatmentsevendaysposttreat
mentand13daysposttreatment

FlitMLOwasappliedtoallbreedingsiteslocatedon
publicrightsofwayfromanInternationalHarvesterScout
equippedwitha50gallonpressuretankmaintaining40psi
atthenozzleAnapplicationrateoftwotothreegallons
ofFlitMLOperacretostreetguttersandroadsideditches
wasobtainedbyusingaSprayingSystemsAdjustableCone

7

9

Sources

reduced

3

1

0

0

3

1

Total

10

10

10

10

10

10

8 60
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JetNozzleNo5500X3setatitsminimumdischargerate
of005gpmandbydrivingataspeedoffivemphThenoz
zlewasadjustedtoitsmaximumsettingof020gpmtopro
duceajetstreampatternforsluggingthecurbinletsto
undergroundstormsewersaswellasforreachingoccasional
sourceslocated10to15feetfromthevehicleForoff

streetapplicationFlitMLOwasappliedbyatwogallon
handspraycanusingthesamepressureandnozzle

Table1illustratestheefficacyofFlitMLOinthe60
sourceswerereducedanotheseweresubtractedfromthe
totalof60sourcestodeterminethepercentageofsources
showinggoodorpoorcontrolSourcesreducedmeansthe
sourcewasalteredinsomewayordriedupEightysixper
cent4552ofthesourcestreatedwithFlitMLOshowed
goodcontrolthatisonly20percentpupaeorless13days
aftertreatmentOnly134percent752ofthesources
treatedwithFlitMLOshowedpoorcontrolthatissources
havingmorethan20percentpupae13daysaftertreatment
The20percentpupaelimitfortheassessmentofgoodcon
trolwassetbecauseFlitMLOwillkilllarvaeandpupae

Table2showsthesourcetypesthatweresampledin
eachzoneGenerallytheseweredrainsditchescatchbas
insandguttersDrainsardditcheswerethepredominant
sourcesinthisevaluationSevensourcesevaluateddidnot

fitintoageneraldescriptionandthesewereafloodretard
ingbasinanoilsumpalowareainaparkwhereirrigation
watercollectsacreekasewageplantandtwodepressions

ThetypeandnumberofsourcesinwhichFlitMLO
showedpoorcontrolisillustratedonTable3Thefailure
ofFlitMLOtoworkonthesesevensourceswasduetoone

ofthreereasonsFirstFlitMLOshouldnothavebeenused
onthisparticularsourcebecausesourceisnotconduciveto
FlitMLOcontrolSecondlytheseasonaloperatordidnot
treatthesourceproperlyFinallyFlitMLOjustdidnotex
hibitgoodcontrolfor13dayswhenitshouldhave

Thenumberofsourcesinwhicheachmosquitospecies
wasfoundisshownonTable4Thesedataindicatethat

CulexpeasandCulexquinquewerefoundinover
65percentofallsourcesCulextarsalisandCulisetainci
denswerefoundin30Fercentand216percentofthe
sourcesrespectivelyThesefourspeciesweretheonly

Table2Numberofsourcesinspectedbytypeandzone

ZoneNumber Drain Ditch

2

4

5

6

7

8

Total

ofallsources

60

2

0

4

0

6

8

20

333

2

6

3

6

2

0

SourceTypes

CatchBasin Gutter

5

0

0

0

19 7

316 116

speciesfoundinthisinvestigationFromthesedataitis
obviousthatmorethanonespeciesoccurredtogetherina
sourceatonetime

TemperatureandrainfalldataforJuly1971islistedin
Table5ThesedataarefromtheOrangeCountyAirPollu
tionControlDistrictHeadquartersinAnaheimThemean
dailytemperatureof73Fcomparesveryfavorablywiththe
past20yearsWatertemperaturevariedbetween78Fand
92F

Kimball1970outlinedthefollowingthreereasonsfor
theuseofFlitMLOintheOrangeCountyMosquitoAbate
mentDistrict

1TheuseofFlitMLOeliminatesthehazardtothegeneral
publicaswellastofishandwildlife

2TheuseofFlitMLOeliminatesthetoxichazardsto

Districtemployees

3TheuseofFlitMLOreducesthesprayroutemanhours
andvehiclemileageupto50byincreasingto14days
thesevendayspraycyclerequiredforemulsionsor
granulartypelarvicides

ForthesereasonsandthedatagatheredonaDistrict
widebasisinthisevaluationFlitMLOisaneffectivetool
formosquitocontrolinurbancommunitydrainagesinthe
OrangeCountyMosquitoAbatementDistrict

KimballJHandHDPerruzzi1970FlitMLOpreferredformos
quitocontrolinresidentialareasMosqNews302128130

PerruzziND1970UseofFlitMLOforurbanmosquitocontrol
ProcCalifMosqControlAssoc37134

0

3

3

0

0

116

ReferencesCited

Other Total

0

7 7

10

10

10

10

10

10

60

116 100



Table3NumberofsourcesinwhichFlitMLOshowedpoorcontrolbytypeandzone

ZoneNumber Drain

2 0 0 0 0 0 0

4 1 0 0 0 0 1

5 0 0 0 0 1park 1

6 0 1 1 0 0 2

7 1 0 0 0 0 1

8 1 0 0 0 1Dep 2

Total 3 1 1 0 2 7

Table4Thenumberofsourcesinwhicheachspecieswasfound

ZoneNumber

SourceTypes

Ditch CatchBasin Gutter Other Total

SpeciesIncidence

Culexpeus Culexpings Culextarsalis Culisetaincidens

2 10 5 0 0
4 7 6 6 2

5 4 10 3 6

6 7 9 5 0
7 8 3 2 0

8 5 7 2 5

Total 41 40 18 13

ofallSources 683 666 30 216

Table5Temperatureandrainfalldata July1971An
aheimCaliforniaOrangeCounty

MeanDailyTemperature 73F

MeanDailyHighTemperature 837F

MeanDailyLowTemperature 626F

HighestDailyTemperature 96F

LowestDailyTemperature 59F
Rainfall 002in
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EVOLUTIONOFIMPROVEDAERIALAPPLICATIONTECHNIQUESFORFLITMLO

AerialapplicationtechniquesforFlitMLOareunder
goingevolutionWhatisthebasisforselectingtheterm
evolution Firstresearchfindingstodateexhibitadirec
tionawayfrompastpracticesSecondthechangeinaerial
applicationtechniquesisaprocessofevolutionsincethe
changeisinfactaseriesofchangesExamplesofchangein
clude

1Immaturestagetreated

INTRODUCTIONTheproblemofmosquitoresistanceto
insecticidesinCaliforniaingeneralandtheCentralValley
inparticulariscontinuouslyspreadingandbecomingmore
criticalannuallyOrganophosphoruslarvicidesarenolonger
effectivemeansformosquitosuppressioninmanylocations
inCaliforniaWomeldorfetal1971InKingsandTulare
countiesallavailablemosquitolarvicidesfailedtorender
satisfactorycontrolwhenappliedbyairasaqueoussprays
orasultralowvolumepraysThesechemicalsinclude
ABATE DursbanEPNfenthionmalathionparathion
andmethylparathionWhilenotattributedtoresistance
FlitMLOalsofailedtoachieveconsistentandreliable

controlofmosquitolarvaeinirrigatedpasturesSchaefer
andRamke1971Gilliesetal1971

Mosquitoesinthemultiresistanceareasarenowbeing
controlledintheadultstagewithpropoxurBaygonusu
allyformulatedasa70wettablepowderFrequentuseof
propoxurwilleventuallyleadtoresistancebuildupwiththe
likelihoodthatmosquitoeswillbeexceedinglydifficultto
bringunderadequatecontrolatareasonablecostFailures

GVChambers

EssoResearchandEngineeringCompany
POBox4255BaytownTexas77520

ABSTRACT

TheableassistanceofMichaelCGutierrezCaliforniaDepart
mentofPublicHealthandthecooperationofthestaffsofthe
TulareandKingsMosquitoAbatementDistrictsisacknowledged

CaliforniaStateDepartmentofPublicHealthBureauofVector
ControlandSolidWasteManagement5545EastShieldsAvenue
FresnoCalifornia93727

3TulareMosquitoAbatementDistrictPOBox1476Tulare
California93274
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2Swathwidthemployed

3Inspectionprocedures

4Aircraftwindshieldwasherand

5Aircraftloadingarrangements

Furtherstudiesareinprogressrelatedtoaerialapplica
tionThuschangeinaerialapplicationtechniquesforFlit
MLOwillcontinuetoevolve

FIELDEVALUATIONOFPETROLEUMOILSFORTHECONTROLOFMOSQUITO

LARVAEINIRRIGATEDPASTURES

HusamADarwazehandDennisRamke

withpropoxurhavealreadybeenreportedbyseveralmos
quitocontrolagenciesintheCentralValleyFurthersurveil
lanceisnecessarytoconfirmthesereportsAslongaspro
poxuristheonlylethalweaponremainingitsuseshouldbe
limitedtoemergencysituationstosafeguardthehealthof
mananddomesticanimals

Theextensivedevelopmentofmosquitoresistancetoor
ganophosphoruscompoundscarbamatesandchlorinated
hydrocarbonshascausedresearcherstofocusonresistance
proofmaterialswithhighbiologicalactivityagainstlarvaeof
allspeciesofmosquitoesSeveralpromisingalternativesfor
mosquitocontrolhavebeenreportedbutunfortunately
thesearelargelyintheearlystagesofdevelopmentThese
alternativesincludeattractantsovicidesaliphaticamines
overcrowdingfactorsjuvenilehormonesandlarvicidaloils
otherbiologicalcontrolagentsincludingpathogenstoxic
algaemustardseedsandgarlicextractsarealsobeingex
plored

Thestudiesreporteduponherewereundertakentoeval
uatetheeffectivenessofseveralnewlydevelopedmosquito
larvicidaloilsunderfieldconditionsandtodeterminethe
minimumapplicationratesrequiredtoachieveadequate
control

METHODSANDMATERIALSChevron71R2451petro
leumoilwasappliedbyairintheHahesypasturesoutheast
ofHanfordinTulareCountyAPiperPawneePA25air
craftcalibratedtodeliveronegallonofsprayperacreatan
estimatedswathwidthof60feetwasusedAttimeoftreat
menttherewasnomeasurablewindpasturevegetation



rangedfrommediumtoheavyindensityandfromsixto
eightinchesinheightAirtemperatureduringthe24hour
durationofthetestreachedahighof105Fduringtheday
anddroppedto70atnight

Themosquitopopulationconsistedofallaquaticstages
ofAedesnigromaculisAccordinglythepasturewasdivided
intofourplotsOverPlotAcontainingfirstandsecondin
starlarvaefourswaths60ftxamilewereappliedtreat
ingeightacresattherateofonegallonperacreOverPlot
Bcontainingfourthinstarlarvaeandpupaesevenswaths
60ftx14milewereappliedtreating14acresattherate
ofonegallonperacreOverPlotCcontainingfirstand
secondinstarlarvae11swaths30ftx1amilewereap
pliedtreating11acresattherateoftwogallonsperacre
PlotDcontainingfirstandsecondinstarlarvaewasleft
untreatedasacheckLarvaldensitywasheavythroughout
thefieldTwentydipsweretakenperplotbeforeand24
hoursaftertreatment

Chevron71R2451TexacoCorvisandFlitMLOpetro
leumoilswereevaluatedinTulareCountyforthecontrol
ofresistantAnigromaculisandCulextarsalislarvaeinirri
gatedpasturesThepetroleumoilsreportedonbelowwere
appliedbyaPiperPawneePA25aircraftcalibratedtore
leaselhgallonofsprayperacreatanestimatedswathwidth
of60feet

FlitMLOTexacoCorvisandChevron71R2451were
evaluatedattherateof15gallonsperacreintheGladney
pasturenearPixleyinTulareCountyThemosquitopopu
lationconsistedoffourthinstarAnigromaculislarvae
Vegetationwasdenseandvariedinheightfromsixto18
inchesIrrigationcheckswere60feetwideand14milelong
Twoadjacentchecksweretreatedwitheachoilwithone
checkleftuntreatedbetweenplotstoallowfordriftandto
avoidmixingEachcheckwasflownthreeconsecutivetimes
toapply15gallonsperacreTwentydipsweretakenin
eachtreatedcheckbeforeand24hoursaftertreatement

FlitMLOTexacoCorvisandChevron71R2451were
alsoevaluatedintheLapadulapasturesoutheastofTulare

Table1Evaluationofvariouspetroleumoilsforthe
controlofCulextarsalislarvaeinirrigatedpasturesatthe
rateoftwogalsacreTulareCounty83171

Petroleum

Oil

Pre

Treatment

Chevron

71R245130 33 0

Check 25 36 0

Chevron

71R245111 13 0

TexacoCorvis 5 14 0

FlitMLO 2 6 0

Check 8 9 0

aOkieGaypasture
bLapadulapasture
CThirdandfourthinstarlarvae

AvgNoofLarvaeDip

Post

Treatment

Percent

Reduction

AvgNoofLarvaeand
PupaeDip
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Themosquitopopulationconsistedofallaquaticstagesof
CtarsalisandfourthinstarlarvaeandpupaeofAnigro
maculisIrrigationchecksinthepasturewere30feetwide
and1amilelongTwoadjacentcheckswereutilizedperma
terialleavingtwochecksuntreatedasabufferbetween
treatmentsThethreeoilswereappliedattwogallonsper
acrebyflyingeachchecktwiceTwentydipsweretakenper
plotbeforeand24hoursaftertreatmentandthenumbers
oflarvaeandpupaeofeachspecieswererecordedsepar
ately

Chevron71R2451alonewasevaluatedintheOkieGay
pasturelocatedtwomilesnorthofPixleyinTulareCounty
Themosquitopopulationconsistingofallaquaticstagesof
Ctarsaliswasconcentratedinlargenumbersincattlehoof
printsandinthelowerendofthefieldwherewateraccum
ulatesandseldomdriesbetweenirrigationsVegetationden
sitywaslightandrangedfromtwototeninchesinheight
Fiveswaths60ftx1amilewereappliedandeachswath
wasflownfourtimestodeposittwogallonsperacreForty
dipsweretakenacrossthetreatedareabeforeand24hours
aftertreatment

RESULTSANDDISCUSSIONAllofthepetroleumoils
testedfailedtoachieveanymeasurablecontrolofCtarsalis
larvaeinTulareCountywhenappliedbyairattherateof
twogallonsperacreTable1Atthesameratehowever
Chevron71R2451andTexacoCorvisrendered63and

50reductionrespectivelyoftheAnigromaculislarvae
Chevron71R2451alsoachieved56reductionwhileFlit
MLOandTexacoCorvisoilsfailedagainstAnigromaculis
larvaeattherateof15gallonsperacreTable2InKings
CountyChevron71R2451achievedcompletecontrolofthe
immaturestagesofAnigromaculisattherateoftwogallons

Table2Evaluationofvariouspetroleumoilsforthe
controloffourthinstarlarvaeofAedesnigromaculisinir
rigatedpasturesTulareCounty83171

PetroleumDosage Pre Post Percent
Oil galacre TreatmentTreatmentReduction

FlitMLO 15 3

FlitMLO 20 8

Chevron
71R2451 15 41

Chevron

71R2451 20 19

Texaco
Corvis 15 12

Texaco

Corvis 20 4

CheckA 3

CheckB 15

18

18

7

12

2

5

36

b

0

56

63

0

50

0

0

aThe15galacreratewasappliedinGladneypastureandthe20
galacreratewasappliedinLapadulapasture
bThechecks wererefloodedduringthenightpriortothepost
treatmentcount
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peracreTable3Owingtoevaporationlarvaetendedto
bemoredenselyconcentratedintheremainingwaterPost
treatmentcountswerethereforehigherinsomeinstances
thanthoseofthepretreatmentseventhoughsomelarval
mortalitycouldhaveoccurredTable1

WhileFlitMLOisbeingusedsuccessfullyasmosquitolar
vicidebyseveralmosquitoabatementdistrictsinCalifornia
itfailedtorenderanymeasurabledegreeofcontrolinTu
lareCountyChevron71R2451achievedexcellentresults
inKingsCountybutfailedintheTulareareaIthasbeen
theorizedthatthesefailuresmaybeattributabletowater
qualitywaterpHsoilpHsoiltypeaccumulationoffine
foreignorganicparticlesonwatersurfaceswhichprevented
theoilfilmfromspreadingorthepresenceofunusually
hardyandadaptablemosquitopopulationsinthearea

Fieldevaluationsbyvariousmosquitocontrolagenciesin
CaliforniahaveshownFitMLOtoachievemosquitosup
pressionthreetofourdaysaftertreatmentFlitMLOat
timesappearedtodelaythedevelopmentofimmature
stagesandthewaterin1hetreatedareainsomeinstances
disappearedbeforeanyadultemergencecouldoccurItis
possiblethereforethatthesepetroleumoilsmightappear
toperformbetterinTulareCountyiftheperiodofpost
treatmentobservationwereextendedbeyond24hours
Howeverthepurposeherewastocomparetheresultsof
newlydevelopedpetroleumoilwithawellestablishedoil
hopingforaneffectiveandfastactingmaterialthatcouldbe
usedinthecontrolofmultiresistantlarvaeinirrigated
pastures

Severallarvicidalpetroleumoilswereevaluatedforthe
controlofthemultiresistantmosquitolarvaeAedesnigro
maculisandCulextarsalisinirrigatedpasturesDarwazeh
andRamke1972Excellentresultswereachievedwith
FlitMLOandChevronResearch71R2451inKings
Countyattherateoftwogallonsperacrebutatthesame
ratetheseoilsfailedtorenderacceptablecontrolinTulare
CountySchaeferandRamke1971andGilliesetal
1971alsofailedtoachieveconsistentlarvalsuppression
withFlitMLOinirrigatedpasturesattherateoftwogal
lonsperacre

1CaliforniaStateDepartmentofPublic HealthBureauofVector
ControlandSolidWasteManagement5545EastShieldsAvenue
FresnoCalifornia93727

2ChevronResearchCompany 576StandardAvenueRichmond
California94804

3TulareMosquitoAbatenentDistrict P0Box1476Tulare
California93274

4ManufacturedbyCaliforniaLaboratory EquipmentCompany
1717FifthStreetBerkeleyCalifornia

Plot

Num

ber

Table3EvaluationofpetroleumoilChevron71R
2451forthecontroloflarvaeofAedesnigromaculisinir
rigatedpasturesKingsCounty72171

DosageDevelop
gal ment

acre Stage

A 10 12

B 10 4P

C 20 34

Check 12

AvgNoofLarvaeDip

Pre

Treat

ment

14

3

22

18

ReferencesCited

Post

Treat

ment

Percent

Reduc

tion

3 79

06 80

0 100

21 0

GilliesPAGVChambersandDJWomeldorf1971Evalua
tionofaerialapplicationsofFlitMLOforthecontrolofor
ganophosphorusresistantAedesnigromaculisandCulextar
salisMosqNewsInPress

SchaeferCHandDJRamke1971Anoperationalevaluationof
FlitMLOforthecontrolofmosquitolarvaeinCalifornia
withsupplementalcommentsonproblemsinvolvedwithaer
ialapplicationofoilsCalifVectorViews1831316

WomeldorfDJPAGilliesandKEWhite1971Insecticide
susceptibilityofmosquitoesinCaliforniaStatusofresis
tanceandinterpretationthrough1970ProcCalifMosq
ControlAssoc395661

EFFICACYOFFORTIFIEDPETROLEUMOILSASMOSQUITOLARVICIDESIN
IRRIGATEDPASTURES

HusamADarwazehl RichardCFoxandDennisJRamke

FailuretocontrollarvaeinTulareirrigatedpastureswith
Petroleumoilsoranyotherknownmosquitolarvicidere
presentsaproblemofgenuineconcerntotheinhabitants
oftheareaandthesurroundingcommunitiesthereforean
effectivemosquitocontrolagentisessentialandneededim
mediately

Thepresentstudieswereinitiatedtodeterminethesu
sceptibilitylevelofmosquitolarvaefromvariousareasto
petroleumoilstoestablishthefeasibilityofenhancingthe
effectivenessofreadilyavailableoilsthroughfortification
andtoevaluatenewlyformulatedfortifiedpetroleumoils
inthelaboratoryandunderfieldconditionsforthecontrol
ofresistantmosquitolarvaeinirrigatedpastures

METHODSANDMATERIALSLaboratoryEvaluation
Whiteenamelpans800cmwerelinedwithaluminum
foiland20fourthinstarlarvaewereplacedineachpan
containing2000mlofwaterThepetroleumoilswere
appliedwithaCalabmicrosyringe2500micrometerunit
andmortalityreadingswereobtained24hoursaftertreat
mentSecondinstarAnigromaculislarvaeutilizedinthe



Table1Laboratoryevaluationoffortifiedpetroleumoilsagainsttwospeciesoffourthinstarmosquitolarvae
Fresno92971

Dosage Culexpipiens
PetroleumGil galacrelcm quinquefasciatus

ChevronResearch
71R2493

ChevronResearch
71R2493

ChevronResearch
71R2469

ChevronResearch
71R2469

ChevronResearch
71R2469B

ChevronResearch
71R2469B

GoldenBear1198

GoldenBear1198

Check

FenthionEC7in

ChevronResearch
71R2451

Check

05 20

10 40

05 20

10 40

05 20

10 40

05 20

10 40

05 01

10 01

aPopulationconsistedofthirdtofourthinstarlarvae

testswerecollectedfromtheHoffmanpastureinTulare
CountyandtheCostapastureinKingsCountyMosquito
larvaeinbothareasareknowntobehighlyresistant
toallavailableorganophosphorusmosquitolarvicidesand
chlorinatedhydrocarbonsCulexpipiensquinquefasciatus
larvaewereobtainedfromasusceptiblestrainofanauto
genouscolonymaintainedinthelaboratoryatFresno

FieldEvaluationThirtytwoouncesoffenthionEC7
weremixedin15gallonsofpetroleumoilChevronRe
search71R2451andappliedattherateof01poundof
activeingredientaioffenthionin10gallonofoilper
acreEightswathswereapplied30ftxrhmiletreating15
acresSixteenouncesoffenthionEC7werealsomixed
with15gallonsofChevronResearch71R2451andapplied
at01poundaifenthionin gallonofoilperacre
Eightswathsweremade60ftxrmilecovering30acres
TestswereconductedintheVisbeekpastureinTulare
CountyThematerialswereappliedbyairwithafixedwing

15

43

22

10 10 10

95

100

95

100

100

100

5 0 5

0

aThesewereexperimentaloilsfortifiedbythesupplierswithvariousadditivesandsurfactants

AvgpercentMortality

40

60

Table2FieldevaluationoffortifiedpetroleumoilsforthecontrolofAedesnigromaculislarvaeinirrigatedpasture
TulareCounty92871

Chemical Dosage

PetOil Fenthion AvgNoofLarvaeDip
Formulation galacre lbacre PreTreatment PostTreatment

Aedesnigromaculis Aedesnigromaculis

Tulare Kings

50 32

60 88

20 32

70 90

26

96

34

80

50

0 0

Percent

Reduction

0

0

0
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PiperPawneePA25aircraftwhichwascalibratedtorelease
gallonofsprayperacreatanestimatedswathwidthof

60feetThemosquitopopulationconsistedofthirdand
fourthinstarlarvaeofAnigromaculisFortydipsweretak
enperplotbeforeand24hoursaftertreatment

ChevronResearch71R2493withandwithout5Duo
meenTwasevaluatedintheHoffmanpastureinTulare
CountyAhelicopterEnstromF28Awasusedforoil
applicationcovering75feetperswathanddelivering05
gallonperacreInordertoapply10and20gallonsper
acreeachswathwasflowntwiceorfourtimestoapplythe
desiredrateMosquitoesinthepastureconsistedofallthe
aquaticstagesofAnigromaculisand20dipsweretaken
acrosseachplotbeforeand24hoursaftertreatmentEight
acreplotsweretreatedwith10and20gallonsperacre
withChevronResearch71R2493and16acresweretreat
edwiththesamematerialcontaining5DuomeenTatthe
rateof10gallonperacre
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Table3Fieldevaluationoffortifiedpetroleumoilsfor
thecontrolofAedesnigromaculisthirdtofourthinstar
larvaeinirrigatedpasturesTulareCounty92971

AvgNoofLarvaeDip

Chemical Dosage Pre Post Percent

Formulationgalacre TreatmentTreatmentReduction

Chevron

Research
71R2493

Chevron

Research
71R2493

with5
DuomeenT

Check

Chevron
Research
71R2451

with5
DuomeenT

Check

10 101 33 68

20 30 22 27

10 51 83 0

35 56 0

10 156 7 96

168 175 0

ChevronResearch71R2451containing5DuomeenT
wasevaluatedintheFariapastureinTulareCountySecond
andthirdinstarlarvaeofAnigromaculiswereextremely
numerousanddistributedthroughouttheentirefieldIrri
gationcheckswere75feetinwidthandamileinlength
thereforeeachcheckwasflowntwicewiththehelicopter
treating25acresattherateof10gallonperacreForty
dipsweretakenpriortoand24hoursaftertreatmentacross
thefield

RESULTSANDDISCUSSIONAllthepetroleumoilseval
uatedinthelaboratorydisplayedhighbiologicalactivitya
gainstthesusceptiblestrainofCpquinquefasciatuswith
theexceptionofChevronResearch71R2493Completelar
valmortalitywasobtainedwithGoldenBearOil1198atthe
rateof05and10gallonperacreandatthesamerate
ChevronResearch71R2469and71R2469Bwereequally
effectiveandachieved95and100mortalityAgainst
themultiresistantpasturemosquitolarvaeAnigromaculis
noneoftheoilsevaluatedachievedcompletelarvalmortal
ityattherateof10gallonperacreLarvaeobtainedfrom

KingsCountyweremoresusceptibletotheoilsthanthose
obtainedfromTulareCountyTable1Furtherdetailed
studieshoweverareneededtoconfirmthesefindings

Resultsofthefieldevaluationoffortifiedpetroleumoils
againstmultiresistantlarvalAnigromaculiswerediscour
agingOnegallonofChevronResearch71R2451contain
ing01poundaioffenthionfailedtocontrolmosquito
larvaewhenappliedbyairinirrigatedpastureTable2
ChevronResearch71R2493with5DuomeenTwasef
fectiveagainstthepupaebutfailedtocontrolthelarvaeat
therateofonegallonperacreAtthesameratehowever
ChevronResearch71R2451with5DuomeenTrendered

96reductioninthelarvaeTable3Duetothedensity
ofthemosquitolarvaeinthepasture96reductioninthe
populationwasnotsufficienttoachieveadequatecontrol
Thesurvivinglarvalpopulationwashigh7perdipand
necessitatedadditionaltreatmentAccordingtofieldtests
byseveralmosquitoabatementagenciesinCaliforniapetro
leumoilssuchasFlitMLOattimesappearedtodelaythe
developmentofimmaturestagesandthewaterinthetreat
edareainsomeinstancesdisappearedbeforeanyadultemer
gencecouldoccurItispossiblethereforethattheseoils
couldhavebeenshowntoperformbetteriftheperiodof
posttreatmentobservationswasextendedbeyond24hours
Inthesearchforaquickandeffectivematerialforaquick
andeffectivematerialforthecontroloftheresistantmos
quitolarvaeobservationsbeyond24hoursaftertreatment
wereignoredeventhoughreductionintheadultemergence
ratecouldhavebeenachievedThesestudieswereinitiated

towardtheendofthemosquitobreedingseasoninirrigated
pasturethereforeidealfieldswereunavailableforfurther
evaluationoftheseformulationsatahigherratetodeter
minetheminimumamountrequiredtoachieveadequate
mosquitolarvaecontrol

ReferencesCited
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turesProcCalifMosquitoControlAssoc404446

GilliesPAGVChambersandDJWomeldorf1971Evalua
tionofaerialapplicationofFlitMLOforthecontrolofor
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salisMosquitoNews314528540
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ofFlitMLOforthecontrolofmosquitolarvaeinCalifornia
withsupplementalcommentsonproblemsinvolvedwithaer
ialapplicationofoilsCalifVectorViews1831316



Duringthelastfewyearsthejuvenilehormoneanalogues
haveemergedasaverypromisinggroupofchemicalsforthe
controlofmosquitoesJakobandSchoof1971Various
companiesaresynthesizingnewanaloguesandmakingavail
ablelimitedquantitiesofthosethatofferthemostpromise

AttheUSDAsWesternInsectsAffectingManandAni
malsLaboratoryinFresnowehaveworkedforabouttwo
yearswithvariousjuvenilehormoneanaloguesSomein
cludingENT70357E467epoxy37dimethyl2non
enyloxy12methylenedioxybenzene HoffmanLa
RocheIncR0203600firstdescribedbyBowers1969
whichwillbereportedonhereshowconsiderablepromise
forthepracticalsuppressionofmosquitoemergencewhen
thelarvalstateistreated

Sincethejuvenilehormoneanaloguesprimarilyfunction
ashormonesandnotastoxicantstheapproachtotheir
evaluationhastobesomewhatdifferentfromtheapproach
totheevaluationoftoxicantsTheanalogueswehavetested
havehadcertaincharacteristicsincommoninsofarasmos
quitolarvaewereconcernedFirstallhaveexhibitedarath
ershorthalflifeinlarvalrearingwaterSecondlyasagents
thatsuppressemergencetheyapparentlyexerttheireffect
onlythroughlarvaethatareinthefourthinstarThere
forewhenyoungerinstarsaretreatedenoughmaterial
mustbeusedtoassurethataneffectiveresidualtiterisin

1Mentionof acommercialorproprietyproductinthispaper
doesnotconstituteanendorsementofthisproductbytheUSDA

Table1Resultsofonetreatmentlaboratoryandsemi
fieldbioassaysofENT70357appliedtotherearingwaterof
CulexpipiensquinquefasciatusSay

ppm

10 0

1 0

05 0

025 0

01 0

005

003

001

0005

Control

STUDIESWITHAJUVENILEHORMONEANALOGUEFORTHECONTROLOF
CULEXPIPIENSQUINQUEFASCIATUSSAY

LeyburnFLewisandDarrellMChristenson

UnitedStatesDepartmentofAgriculture
AgriculturalResearchServiceEntomologyResearchDivision5544AirTerminalDriveFresnoCalifornia93727

Emergencepatternatindicated
treatmentconcentrationa

1stInstar 4thInstar

laboratorysemifield laboratorysemifield
0 0

0 0

0 0

0 0

0

0

0

Oto

a0Noemergenceobserved goodemergenceobserved
bTemperature78 1F

cDailymaximumtemperaturegenerally100Forhigher
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thewaterwhenthelarvaehavedevelopedtothefourthin
starConsideringtheshorthalflifeoftheanaloguesthen
andassuminguniformrearingconditionsmorematerialis
requiredtoobtaincontrolwhentheyaretreatedinthefirst
secondorthirdinstarthantogetcontrolwhentheyare
treatedinthefourthinstarTable1Mortalitydueto
hormonalactioninanycaseoccursinthepupalratherthan
inthelarvalstageSowhenevaluatingthejuvenilehormone
analoguesnonemergenceofviableadultsisthecriterionof
control

MATERIALSANDMETHODSThelaboratorytreatments
reportedonherewererunin250millilitersofwaterinpint
jarsNowaterwasaddedafterthedosageswereapplied
CulexpipiensquinquefasciatusSaywereusedandthefirst
andthefourthinstarweretestedseparatelyFrom100to
125larvaewereusedineachjarwithaminimumoftwo
replicatesperdosageineachtestLarvaeinalltestswerefed
asneededTechnicalmaterialinethylalcoholgenerallywas
usedbutacetoneservedequallywellasasolventArtificial
illuminationwasusedinthetestroomwithalightphaseof
16hoursTemperaturewasheldataconstant78 1F
Judgmentsonefficacywerebasedsolelyonsuccessfuladult
emergenceSincetheemphasisinthispaperisdirectedto
wardssemifieldtestsdatafromlaboratorytestsareinclud
edforcomparativepurposesonly

Thesimulatedfieldworkwasperformedinoursmallco
operativepastureatFresnoStateCollegeTestsweremade
intwolitersofwaterin82ozwhiteplasticcontainers
Watervolumewasmaintainedbyadditionsattwotothree
dayintervalsWaterwithfoodaddedhadstoodineachcon
tainerforseveraldaysbeforethecontainerofwaterwas
usedinatestWateraddedduringatestalsohadstood
inwhiteplasticcontainersforseveraldaysLarvaeof
Cpquinquefasciatuswereusedwithtreatmentsassigned
atrandomAsinthelaboratoryjudgmentsonefficacy
werebasedsolelyonadultemergence

RESULTSANDDISCUSSIONSUndertheconditionspre
vailinginourlaboratory0003ppmofENT70357wasthe
lowestdosagethatconsistentlygave100controlwith
fourthinstarlarvaeTable1Lowerdosagesonoccasion
gavecompleteorahighdegreeofcontrolbutinothertests
thosesamedosagesgavelittletonocontrol

Dataobtainedfromtestswithintermediateinstarsare
notpresentedintabularformforcomparabletestswerenot
madeinthefieldbutincomparativetestsinthelaboratory
higherdosageswererequiredforcontrolwithintermediate
thanwithfourthinstarlarvaeandlowerdosageswerere
quiredforcontrolwiththeintermediatethanwiththefirst
instarlarvae

Withfirstinstarlarvaeinthelaboratory001ppmwas
thelowestdosagethatconsistentlygave100controlTab
le1Withfirstinstarlarvaeconstancyindegreeofcontrol
withminimaldosagescouldbehighlycorrelatedwiththe
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totallengthofthelarvalcyclestartingfromthetimeof
treatmentUnlesspreciserearingproceduresandtimingin
administeringtreatmentswerefollowedsuchasforex
amplealwaystreatingjusthatchedlarvaeoralwaystreating
larvaethatwere24hoursofagesomedegreeofvariability
inpercentmortalitygenerallyresulted

Inthelaboratorydosagesoftechnicalmateriala25
emulsionconcentrateanda50emulsionconcentrategave
similarresults

Inourinitialsemifieldtestswewereafterinformationon

theeffectivenessofasingledosetreatmentagainstamixture
ofallinstarsbutprimarilyagainstthefirstandfourthin
starsAtthesametimewepreferredtocloselyemulateact
ualfieldconditionsPriortotheteststhenwedetermined
fromseverallocationsthatwildfemalesactuallywouldovi
positinthe32oztestcontainersTheinitialtest notpre
sentedhereintabularform wasincontainerswhichwith
waterandlarvalfoodaddedhadstoodinopensunlight
untilabioticequilibriumappearedtohavebeenreached
Thewaterlevelswerethenaccuratelyreadjustedlarvaeof
allinstarsaddedandtreatmentsappliedButdespitethe
initialadditionoffoodtheinfluxofaconsiderableamount
ofleafymaterialbeforetheteststartedinsectsthatdrown
edaheavyalgalgrowthothermiscellaneouscontaminants
thatundoubtedlywereasourceoffoodand100Forhigh
erdaytimetemperatureslarvaldevelopmentwassopro
longedanduneventhatafterthreeweeksthetestwaster
minatedwithverylittleobservedmortalityandwithcon
siderablenumbersoflarvaestillinthesecondandthirdin

starsSubsequenttestsusingthesameprocedureyielded
similarresultsInfacttheobserveddevelopmentaltime
spanwasverysimilarinseveralothersituationsinbothsim
ilarandlargercontainerswherewildfemaleshadoviposited
incontinuouslystandingwaterWethereforeareinclinedto
regardtheobserveddevelopmentaltimesasbeingsomewhat
typicalforthespeciesincontainersintheFresnoarea

Wethenranaseriesoftestsinvolvingrearingprocedures
testsitesandothervariablesFromthisserieswedetermin

edthatagivennumberofjusthatchedlarvaewhenfedat
twodayintervalswouldproducewithineightdaysafairly
highpercentageoflargevigorouspupaeandthebeginning
ofadultemergenceAlsodevelopmentaltimeprovedtobe
comparableinscreenedhousesinfullsunlightandinpar
tialsunlightInordertominimizeadultescapementthen
theremainderofthetestswereruninscreenedhouses

Somewhatbetterresultsnotpresentedhereintabular
formwereobtainedwithtechnicalmaterialthanwiththe
emulsionconcentratewehadonhandTechnicalmaterial

inethylalcoholthereforewasusedduringtheremainderof
thetest

Evenwiththespeededuprearingprocedureshowever
ENT70357againstfourthinstarlarvaeTable1didnot
performaswellinthesimulatedfieldtestsasinthelabora
torybyafactorofabouteightButbyanyrealisticstandard
thelowestdosagethatdidgivecontrolwiththefourths
0025ppmofferedgreatpromiseforthepracticalcontrol

ofthespeciesAlthoughatdosagesuptooneppm the

highesttested ENT70357hadnotretaineditseffective

nesslongenoughinthehotprevailingtemperaturestogive
appreciablecontrolwhenappliedtothefirstinstarconsid
eringtheverypromisingresultswiththefourthinstarlar
vaefurthertestingwasobviouslywarranted

Asanalternativetotheonetreatmentconceptwedecid
edtoruntestsinwhichperiodictreatmentswereadminis
teredtolarvaeunderconditionsofcontinuousrearingOur
testconcentrationswere0025and005ppmwitheach
dosagereplicatedfivetimesAlllarvalinstarswerepresent
atthetimeoftheinitialtreatmentandabout150firstin
starlarvaepercontainerwereaddedtwiceweeklyThe
naturaldeviationsingrowthratethatoccurinmostbatches
oflarvaetendedtoassureacontinuoussupplyofadequate
numbersofalllarvalinstarsandmaintainthestandingpop
ulationtothecarryingcapacityofthecontainersOnthose
occasionswhenamarkedimbalancedidoccurininstarratio

inanycontainerhoweveranacceptablebalancewasre
storedbytheadditionofotherinstarsSomelarvalfood
wasaddedabouteverytwodaysandthewatervolumewas
maintainedwithconsiderableaccuracyFromthetimeof
initialpupationgoodnumbersoflargevigorousfourthin
starlarvaeandpupaewerepresentthroughoutthetest

Goodsuccessoccurredthroughoutthe34daysofthe
periodictreatmenttestAlthoughtheoriginalplancalled
fortreatmentsatfivedayintervalstheresultsweresofav
vorableafterthefirsttwoapplicationsthattheintervalwas
lengthenedtosixdaysNoemergencefromthetreatedcon
tainerswasobservedduringtheperiodofthesixdayinter
valtreatmentsbutanoccasionalpartialemergenceinthe
0025ppmsegmentofthetestindicatedthatfurtherexten
sionoftheintervalatthatconcentrationorafurtherlower

ingofthedosagewouldprobablyresultinemergenceAl
mostcontinuousemergenceoccurredfromallfiveuntreated
controls

WeconcludedfromtheseresultsthatENT70357had

realpromiseforthepracticalcontrolofmosquitoesinthe
fieldButsincewehadstartedtheperiodictreatmentsdur
ingthelastdaysofAugustandmuchofSeptemberwas
gonebeforetheevaluationwascompletewiththesixday
intervalapplicationsfurthertestingoutdoorsin1971was
consideredimpracticalMuchworkobviouslyremainstobe
donehoweverunderawidevarietyofactualfieldcondi
tionsintestingagainstotherspeciesandgeneraofmosqui
toesindifferenttypesofformulationsandintimingofap
plications
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APRACTICALEVALUATIONOFINSECTDEVELOPMENTALINHIBITORSAS
MOSQUITOCONTROLAGENTS

CharlesHSchaeferandWilliamHWilder

UniversityofCalifornia
MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

Theterminsectdevelopmentalinhibitor isproposed
todescribecompoundshavingbiologicalactivitythatmim
icsthatofnaturalinsectjuvenilehormonesandthatare
beingevaluatedasinsectcontrolagentsThereismuch
greatervariationinmortalitybetweenreplicatetestsrun
atdifferenttimesthanistypicalforclassicalinsecticides
Thesensitivityoflarvaetoagivencompoundvarieswithage
inthefourthstagetheearlierlarvalstagesarelesssensitive
thanthefourthSeveralcompoundsproducedveryhigh
ratesofmortalityinbothlaboratoryandfieldevaluations

ABSTRACT

OneoftheseZR515hadahighdegreeofactivityonAedes
nigromacuiisLudlowlarvaeat00001ppminthelabora
toryandgaveencouragingresultsat0125lbsacreinthe
fieldAnotherR0203600alsoshowedhighactivityinthe
laboratoryandinthefieldwiththesamespeciesatratesas
lowas025lbsacreMON585whosestructureisdissimilar
toknownnaturalinsecthormonesgaveexcellentcontrol

ofAnigromaculislarvaeinfieldtestswhere15or20
lbsacrewereappliedbyhelicopter

MOSQUITOADULTICIDINGWITHSYNERGIZEDPYRETHRUM

JosephELee

McLaughlinGormleyKingCompany
1715EastFifthStreetMinneapolisMinnesota55414

Allofusliketotalkaboutsomethingthatsnewandex
citingPyrethrumisnotnewbyanystretchoftheimagina
tionbutitsrediscoveryinmosquitocontrolisexciting

Asyouknowpyrethrumhaslongbeenrecognizedfor
itseffectivenessagainstmosquitoesItwasoneoftheearly
insecticidesusedforlarvicidinginNewJerseybeforeWorld
WarIIYoureawareofcoursethatithasbeenusedin
aerosolcansnonpressurizedspraysandemulsionsformos
quitocontrolinhomesresortsrestaurantsandinstitutions
formanyyearsbutitsbeenyearssinceithasbeenconsid
eredforareamosquitoadulticiding

Theadventofcommercialcoldaerosolequipmenthas
madeitpossibleforsynergizedpyrethrumtobeusedat
realisticeconomiclevelsinmosquitoadulticidinginground
equipment

Thesafetyofsynergizedpyrethrumiswelldocumented
AccordingtoVolume3oftheHandbookofToxicology
theLD50forpyrethrumrangesto1500mgkgandpiper
onylbutoxidethesynergistweveusedwithitinmosquito
controlhasanLD50of7500mgkgPyrethrumsnonper
sistencewasacurseformanyyearsNowwefindwere
wearingthewhitehatsinsteadoffightingoffbrickbatsbe
causeofitsnonpersistence andIcantellyou this

ismorefunItsnonpersistenceandlowtoxicitytohumans
birdsandtobeesAndersonetal1971makeitanexcel
lentinsecticidetouseinareatreatmentFearaboutdrift
intonontargetareasisminimizedbecauseofitslowtoxi
cityandnonpersistence
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Synergizedpyrethrumoffersseveraladvantagesinadulti
cidingTheseare

1theinherentsafetyofpyrethrumandpiperonylbutoxide
2freedomfromconcernaboutdriftalthoughpyrethrumis

toxictofishthedosagerateissuchthatchancesofkil
lingfishwithpyrethruminmosquitoadulticidingpro
gramsarenil

3relativelynontoxictohoneybeesasjustindicated

4exemptionfromtolerancesonallgrowingcropsand
5rapidityofdegradationunderfieldconditions

Thispastyearwecooperatedinfieldadulticidingtests
usingpyrethrumandpiperonylbutoxideincoldaerosol
equipmentinfourgeographiclocationsHereinCalifornia
workwasdonewiththeMicroGenunitInFloridaand
MarylandworkwasdonewiththeLecounitandinMinne
sotaworkwasdonewithboththeLecoandtheHudson
BackpackApplicationratesrangedfrom002poundto
005poundperacrepyrethrinsandfivetimesthoselevels
ofpiperonylbutoxideAsaresultofthesuccessofthis
workweexpectsomecommercialapplicationsofpyrethrum
andpiperonylbutoxideduring1972formosquitoadulti
cidingTable1showsasummaryoftheresultsofthe1971
testsonbothcagedanduncagedmosquitoes

TheuncagedmosquitotestwasperformedunderAW
BuzickysdirectioninMinnesotaandwillbepresentedin
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greaterdetailattheFloridameeting
3uzickyTheMarylandwork di

rectionofDrRobertAltmanIdonotknowwhetherDr

Altmanintendstopresentaformal
InworkdoneinthesoutheasternUnitedStatesin1970

and1971afurtherbenefitof

nylbutoxidewasnotedControl
byDrTheodoreRAdkinsJroftheDepartmentofEnto
mologyandZoologyofClemsonUniversityofClemson

Table1Effectivenessofsynergizedpyrethrinsasamosquitoadulticide

AUpperMidwest HUDSONno4712BACKPACK FreeFlyingNaturalInfestations

CarolinaSouth Hereportedonthisworkattherecent
EntomologicalSocietyofAmericameetinginLosAngeles

In1972wehopetofillsomegapsinourtestresults
Onlyamodestamountofworkwasdoneinthepastyear
withaircraftapplicationofsynergizedpyrethrumFurther
groundcoldfogworkwillbedonealsoinanumberof

Therelativetoxicityofpesticidestohoneybeesasdeter

BMidEasternSeaboardRegion LECOULVColdAerosolGeneratorModelHD CagedAdultFemaleCulexpipiens

CFlorida LECOULVColdAerosolGeneratorModelHD CagedMosquitoes SingleTest AverageMortalityinCages
at150feetand300feet

PercentMortalityafter18HoursatIndicatedDosepoundsperacre

Pyrethrins 006 003

Piperonylbutoxide 030 015

DCalifornia JeepMountedMICROGEN 4nozzle CagedCulexpipiens
Dosages 1Pyrethrins 5PipBut 203flozmin

5Pyrethrins 25PipBut 418flozmin

84 74

PercentMortality 24HoursatDistancesShownfromUnit

500Ft 1000Ft 2000Ft 2500Ft 3000Ft

2000Ft

1Pyns 5PipBut 96 83 62 4 8

5Pyns 25PipBut 100 100 96 94 87
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Table2ReductionofdeerfliesChrysopsinrecrea
tionalareaswithsynergizedpyrethrins

Fourdayspriorto
treatment

Firstdaypost
treatment

Seconddaypost
treatment

AvgNodeerfliespertrapperday

TreatedArea UntreatedArea

139

21

31

149

85

84

aSoutheasternUSseaboardregionfreeflyingnaturalinfestations
ChrysopsnigertruckmountedMicrogen4nozzleequipmentusing
5pyrethrinsplus25piperonylbutoxide1280flozappliedin
58minutesoveradistanceof58miles

minedbylaboratoryandfieldtestsinCalifornia1950
1971isshowninTable3Pyrethrumappearsinthesection
ofthetableentitledRelativelyNontoxicwhereasthein
secticidesmostcommonlyusedtocontrolmosquitoesap
pearintheHighlyToxicsection

UnderthedirectionofDrMirMullaaseriesofsyner
gizedpyrethrumapplicationswasmadeinKernCountyon

Table3Relativetoxicityofinsecticidestobees

Group3RELATIVELYNONTOXICThesecanbeused
aroundbeeswithaminimumofinjury

Acaraben Morestan

chlorobenzilate Morocide

Allethrin binapacryl

Aramite Murvesco

Bacillusthuringiensis fenson

cryolite Nemagon

Delnav Neotran

dioxathion nicotine

Dessin Omite

Dilan OMPA

DimiteDMC schradan

DNOCHP Ovotran

dinitrocyclohexyphenol ovex

Dylox Phostex

trichlorfon pyrethrin
Eradex rotenone

Ethodan Rhothane
ethion TDE

Fundal Galecron ryania

chlorophenamidine sabadilla

Heliothisvirus Saphos
Kelthane menazon
dicofol Strobane

Kepone Sulphenone
methoxychior Tedion
Mitox tetradifon

chlorbenside toxaphene

aAndersonLDAtkinsELJrNakakiharaHEAGreg
wood1971Toxicityofpesticidesandotheragriculturalchemicals
tohoneybeesfieldstudyUniversityofCaliforniabulletinAXT
251Rev671p3

aldrin

arsenicals

Azodrin
crotonamide

Baygon
Baytex
fenthion

BHC

Bidrin

BuxRE5353
Chlorthion

Cygon DEFEND

dimethoate
Dasanit

fensulfothion

DDVP

dichlorvos

diazinon

Dibrom
naled

dieldrin

Dimecron

phosphamidon
Dursban

EPN

EthylGuthion
azinphosethyl

Famophos
famphur

Furadon

Gardona

Guthion

azinphosmethyl

heptachlor
Imidan

Lannate

methomyl

Lindane

malathion

Matacil

Mesurol

Metacide

methylparathion

MethylTrithion
Mobam

Monitor

parathion
Phosdrin

mevinphos
Sevin
carbaryl

Sumithion

Temik

aldacarb

TEPP

Zectran

Zinophos
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Group2MODERATELYTOXICThesecanbeuseda
roundbeesifdosagetimingandmethodofapplicationare
correctbutshouldnotbeapplieddirectlytoexposedbees
inthefieldoratthecolonies

ABATEBiothion

Agritox
Banol

Carzol
formetanate

chlordane PhosvelAbor

Ciodrin Pyramat
CoRal Systox

coumaphos demeton

DDT tartaremetic

DiSyston
disulfoton

endothion

endrin

Korlan

ronnel

MetaSystox
methyldemeton

MetaSystoxR
oxydemetonmethyl

mirex

Perthane

Phosalone

Thimet

phorate
Thiodan

endosulfan

Trithion

carbophenothion

Group1HIGHLYTOXICSeverelossesmaybeexpected
ifthefollowingmaterialsareusedwhenbeesarepresentat
treatmenttimeorwithinadaythereafterexceptasindicat
edbyfootnotes
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12OctoberusingULVairtraftapplicationThedosagerate
inoneserieswas0025poundpyrethrinsand0125pound
piperonylbutoxideacrewhichequatestoatoxicantcost
acreof16cents

Theresultsinthistestindicatedanaveragereductionat
onehourof67andattwohoursof81

Inasecondseriesatlevelsof005poundpyrethrinsand
025poundpiperonylbutoxideacrethepercentreductions
were65and71atoneandtwohours

ThetargetmosquitoinbothserieswasAedesnigromacu
lisandthecountswereLasedontheobservationsoftwo

meninthefieldtakingpreandpostlandingcountsontheir
bodies

Thisworkindicatesthatfurtherworkwithaircraftappli
cationofsynergizedpyrethrumshouldbeundertaken

McLaughlinGormleyKingCompanyhasrecentlyprepar
edabulletinonmosquitoesandChrysopscontrolwithsyn
ergizedpyrethrumThisbulletinentitledMosquitoand
TabanidAdulticidingWithPyrethrum1972givesingreat
erdetailinformationIhavetoucheduponinthistalk
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AERIALAPPLICATIONSOFMOSQUITOLARVICIDESFROMATAILBOOM

TGRaley

ConsolidatedMosquitoAbatementDistrict
P0Box278SelmaCalifornia93662

Theideaofdischargingspraymaterialsfromthetailof
anaircraftisnotnewInfactthefirstsprayingformosquito
larvaecontrolbyplanewasdonefromaboomunderthe
horizontalelevatorsAsreportedintheProceedingsofthe
NineteenthAnnualMeeting1932oftheNewJerseyMos
quitoExterminationAssociationthisrevolutionaryunder
takingwasquitesuccessfulTheconclusionsofthedemon
strationafterfieldinspectionsonthefollowingdaywereas
follows

1Amountofoilsprayedwas180gallonscosting1170

2Timeofactualflyingandsprayingwas40minutescost
ing4000

3Areasprayedwaseightacres

4Anapproximatekillof98ofalllarvaeandpupaeone
dayafterspraying

5Wheregrassgrewmorethanfourfeethightheoilmist
reachedthewatersurfaceanddepositedakillingfilm

6Totalcostofsprayingincludingoilairplaneandflag
bearerswasestimatedtobe5250or653peracre

7Approximatecostofhandsprayingwasestimatedat
1260peracre98killnotconsideredpossiblewith
handlabor

Sprayingwithoildischargedfromaboomonthetailof
anaircraftwasdoneatConsolidatedMosquitoAbatement
Districtlateinthe1971mosquitoseasonWhilethiswould
indicatelittleifanyprogressinmosquitocontrolduring40
yearsofeffortsomeadvancescanbenotedAfterseveral
demonstrationsinvolvingtreatmentofnearly100acresat
ninedifferentlocationsconclusionswere

1Amountoftheoilmixturesprayedwas200gallonscost
ing12500

2Timeofactualflyingandsprayingwas100minutescost
ing10000

3Areasprayedwas100acres
4Anapproximatekillof99ofalllarvaeandpupaeone

dayafterspraying

5Wheregrassgrewasnormalinanirrigatedpasturethatis
amajormosquitosourcetheoilmistreachedthewater
surfaceanddepositedakillingfilm

6TotalcostofsprayingincludingoilBAYTEXandair
planenoflagmanwasestimatedtobe22500or
225peracre

7Approximatecostofhandsprayingwasestimatedat
475peracre99killnotconsideredpossiblewith
handlabor

Withallthesimilarityofthetrialsin1932and1971
progressinmosquitocontroloperationshavebeenquite
positiveThedifferenceintheamountoflarvicideapplied
peracretwogallonsagainst22gallonsaloneisofcourse
themaindifferenceImprovementsinaircrafthavebeen
morethannoticeabletooTheplaneusedforapplyingthe
insecticidefromthetailboomwasalsoequippedwithasep
aratewingboomspraysystemriggedtoapplysixouncesof
insecticideperacreThepilotcouldswitchfromonesystem
totheotherinflight

ULVformulationsofsuitableinsecticideshavebeenap
pliedbyaircraftatConsolidatedMADforseveralyears
Thismethodstillgivessatisfactoryresultsinmostpartsof
theDistrictbutenoughmissesareoccurringtodemandan
otherapproachPromisingpetroleumproductsofferedone
avenuetoexploreSomeevenshowedpossibilitiesofgiving
goodmosquitolarvaecontrolatreasonablylowvolumesper



acreAprojectwasinitiatedtodevelopsuitablemethodsto
applyuptofivegallonsofoilperacrebyaircraftThis
broughtthetailboombackintoconsideration

Applyinglarvicidesfromaircraftthroughatailboomhad
beentriedearlieratConsolidatedThesetrialshadbeen
stimulatedbyadesiretogetmorespraymaterialfromthe
planetothetargetareaTestsintheDistrictandreportsby
otherworkersindicatedonlyfractionsofthetoxicantdis
chargedfromwingboomsweregettingtothewatersurface
Somereportsshowedaslittleas12 othersweremore

charitableandshowedashighas50to60 ULVformu

lationsdischargedthroughsuitablenozzlesfixedtoatail
boomdidanexcellentjobofgettingmaterialtothetarget
areaUnfortunatelyitplacedthematerialinsuchanarrow
swaththeadvantagesoftheULVmethodwerelostAt
thattimeseveraloftheapprovedinsecticideswerestilldo
ingagoodjobasareasprayssothetailboomstudywas
tabled

AsthematerialsbeingusedintheULVandotherspray
methodsgavepoorerandpoorerresultsattentionwasforced
totheoldstandbyoilNewformulationsshowedpromise
atratesthatwereeconomicallyfeasibleaslarvicidesSome
wereevensafeenoughtouseinlargevolumeonagricultural
cropsandrelatedequipmentandstructuresFieldspraying
withgroundunitsandlaboratorytestsindicatedthesegave
reasonablygoodresultsonlateinstarlarvaeandpupaeat
fromthreetofivegallonsanacreGettingthisamountof
materialfromtheplanetothewatersurfacewasthechal
lengeReportsfromotheragenciesconductingtrialsonair
craftapplicationsofoilandfirsthandexperienceatCon
solidatedpromptedasearchofthestorageshedforthetail
boom

Thetailboomresurrectedfromthediscardswasapprox
imatelyfourfeetlongwithsuitableopeningsforfourspray
nozzlesAftertestingtwomoreopeningswereaddedto
provideatotalofsixnozzlesThenozzlesfinallyselected
wereType4664DiaphragmTeeJetBrasswith18inch
NPTfemaleinletpipeconnectionNoorificediscstrainer
orotherobstructionwasusedThediaphragmwassetto
openat25poundspressureTreatinga35footswathat90
milesanhourfromanelevationofaround15feetwiththe

sixnozzlesgaveanaverageapplicationrateoftwogallons
ofoilperacre

Forabaselineofreferenceseveraltestplotsweretreated
withstraightoilFlitMLOatthetwogallonsperacre
rateRoutinedippingafter24hoursshowedfairresults
Checksafter48hoursindicatedlittleaddedbenefitThe
overallresultshoweverweregoodenoughtoindicatethe
methodandmaterialwerecomingquiteclosetogivingsat
isfactoryresultsInthattheoperationwasverycleanwith
littlespraymaterialgettingontheplaneeitherdirectlyor
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intheflybackitwasdecidedtofortifytheoilwithaprom
isingtoxicantbeforegoingontotestinghigherapplication
ratesBaytexwasstillgivinggoodresultsinmostfields soit

gotthenodforthefirsttrialoffortifiedFlitTheresults
werefantasticTwogallonsofFlitwithenoughBaytexto
give0025poundsperacrewereappliedinthefirsttests
TheBaytexusedwasasevenpoundMosquitocideformu
lationsuppliedbyNiagaraChemical

Intheearlytestskillofallstagesoflarvaeandpupaewas
sopositiveandsofastmodificationsofthespraymixture
andflightpatternweretriedTheseledtotheadoption
ofamoreorlessstandardprocedureofapplyingamixture
of30gallonsofFlitwitheightouncesofsevenpoundBay
texMosquitocideat1agallonsperacrein50footswaths
Thepreferredplaneoperationwas90milesanhourata15
footelevationNozzlediaphragmsweresettoopenat25
poundspressure

Itmustbeborneinmindthatlarvicidingresultsinlate
SeptemberandearlyOctobercanbequitedifferentfrom
themostactivepartoftheseasoninAugustandearlySep
temberThetrialswiththeFlitBaytexcombinationwill
beresumednextspringLaboratorytestsshoweditworked
justaswellonlarvaefromneighboringdistrictsasitdidon
locallarvaeTheborrowedlarvaeweretakenfromfields
thathadahistoryofalmosttotalresistancetoorganic
chemicalsIfthesynergizingactioncontinuesitwillbe
quitewelcomeEitherwaystudieswillbeexpandedtotest
otheroilinsecticidecombinationsandtheapplicationof
higherratesofoilaloneThemostacceptablespraycould
turnouttobeFlitandapyrethrumtypematerial

Consideringtheuseoflargevolumesofoilandoilforti
fiedwithatoxicantdoesraisethespecterofveryhighcosts
peracreforlarvicidingThisfactofeconomicsmustbeac
ceptedhoweverthisinitselfshouldnotsidetrackthe
searchforadependablelarvicidethatcanbeusedyearafter
yearIntheCentralValleyofCaliforniasomelarviciding
willalwaysbenecessaryifacceptablemosquitocontrolisto
beachievedTheobjectiveatConsolidatedistofindthelar
vicideandreducethesourceareasothatthetotalDistrict
budgetiswithinreasonWhilewehaveonlyscratchedthe
surfaceinthesearchforthatperfectlarvicidesourcereduc
tionisrespondingnicelytothePublicInformationProgram
Inthe1971seasonatotalof43250acresweresprayed
Thisisdownfrom103044acresinthe1970seasonade
clinejustshortof60 Adeterminedeffortwillbemadein
1972tocuttheacreagetreatmentrecordevenmore

Abenefitthatcouldcomefromanoilinsecticidecombi
nationisthegoodpossibilityofitalsoservingasanadulti
cideAdultmosquitoesdoshowupinandaroundsources
Ifthiscollectioncouldbecleanedupperiodicallyatthe
majoraggravatedsourcesdispersalmightnotstimulateso
manyservicecalls



ADAPTATIONOFJEEPPOSTALVANDISPATCHER 100FORMOSQUITOCONTROL

TheSoutheastMosquitoAbatementDistrictSMADlies
whollywithinLosAngelesCountyTheDistrictcomprises
255squaremilesofthesoutheasternpartoftheCounty
plustheLosAngelesharborareaandGardenaCarsonand
DominguezareaoftheCountyIn1965theDistrictannex
edalloftheSanFernandoValleysectionoftheCityof
LosAngeleswithanareaofapproximately275square
milesThepopulationoftheDistrictisapproximately
2610000peopleTheareacomprisingtheDistrictishighly
urbanizedandhasverylittleagriculturewhichisrapidlybe
ingconvertedtohomesandindustrialparks

ControlneedsoftheDistrictaregeneralthroughoutthe
Districtwiththousandsofmilesofguttersthousandsof
catchbasinsandhundredsofmilesofimprovedfloodcon
trolchannelsToadequatelyandeconomicallycontrolthese
areasithasbeennecessarytomakeuseofrighthanddrive
vehiclesastheybecomeavailableonthemarketUseof
righthanddrivevehicleshasenabledtheDistricttomake
useofonemanoperations

Servicelifeofoneofourvehiclesislimitedtoaboutfour

yearsWethenreplacethemtoenabletheDistricttomain
tainthelevelofservicethatisdemandedbycitizensofthe
DistrictBidsarecalledforfromthedealersintheDistrict
whoaremarketingthistypeofvehicleHoweverin1971
CaliforniaStateVehicleSmogregulationsprohibitedthe
saleofInternationalandJeep4cylinderengines

AtthistimetheDistrictwasmadeawareoftheavaila
bilityofaJeepDispatcher100ModelDJ5BPostOffice
VanmadebyAmericanMotorsCorporationThisisa
righthanddrivevehiclewithasixcylinder232cubicinch
7bearingenginethreespeedautomatictransmissionThe

1WegratefullyacknowledgeJoeSorrentinooftheElDorado
CountyServiceAreaNo3fcrhistechnicalassistanceinthisstudy

2UniversityofCaliforniaDivisionofBiologicalControl 1050

SanPabloAvenueAlbanyCalifornia94706

3CaliforniaStateDepartmentofPublicHealthBureauof Vector

ControlandSolidWasteManagementOfficeBuildingNo9744P
StreetSacramentoCalifornia95814

4AlamedaCountyMosquitoAbatementDistrict3024 East

SeventhStreetOaklandCalifornia94601FormerlyofElDorado
CountyServiceAreaNo3POBox1234SouthLakeTahoe
California95705

ELGeveshausenandGardnerCMcFarland

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenueSouthGateCalifornia90280

vantypebodyisbuiltonastandardJeepframeandthe
cargobedhasthesamespaceasastandardJeepDJSSlid
ingdoorsrightandleftsidesofthevanbodycanbelocked
withtheignitionkeyThevanbodyalsohasaswingingrear
doorwithlatchandlockthatisalmostaswideasthecargo
areaOptionsavailablewiththisvehiclearelimitedThe
onlyoptionsthatwereavailableatthetimeofpurchase
wererightorlefthanddriveandpaintThevehicleother
wisewassoldasmanufactured

TheDistricthasequippedthevehicleswithagalvanized
55gallontankThepumpispoweredby24volt7amp
18hpmotorandisintegralThispumpandmotorisasur
plusaircraftfueltransferpumpMotorandpumpwhenused
ona12voltsystemdevelop40poundsofpressureand
meetstheneedsoftheDistrictinourlarvicideoilspray
programActuationofthepumpunitisbyatoggleswitch
mountedonthedashboardconvenienttotheoperatorEach
vehicleisalsoequippedwithathreegallonstainlesssteel
BGhandspraycanonePCBgranulespreaderinspection
dipperandsamplebottlesAlloftheDistrictvehiclesare
alsoequippedwithtwowayFMradiosoperatingonanex
clusivefrequencyintheLocalGovernmentRadioService

Useofrighthanddrivevehiclesinouronemanopera
tionalsprayprogramhasresultedinsubstantialsavingsin
laborcoststotheDistrictTradeinvalueofourrighthand
drivevehicleaveragesabout50000pervehicleSavings
totheDistrictinlaborcostswithaonemanoperationis
approximately1500perseasonoveratwomanoperation
usinglefthandorstandarddrivevehicles

OBSERVATIONSONMALATHIONTHERMALFOGGINGINAMIXEDCONIFER

FORESTATLAKETAHOE

RichardGarciaKennethHHansgenandFredCRoberts

Thermalfoggingof5malathionanddieselmixturewas
thechiefmeansofmosqutiocontrolfortheresidentsof
SouthLakeTahoeCaliforniaduringtheyears1963
through1966Basedonrecommendationsofaprogramre
viewbytheCaliforniaStateDepartmentofPublicHealth
BureauofVectorControlWomeldorf1966moreempha
siswasplaceduponlarvicidingduringJ967and1968how
evermalathionthermalfoggingduringthisperiodwasalso
appliedroutinelyApplicationswereadministeredona
weeklybasisinallresidentialareasThermalfoggingwith
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theexceptionofseveralexperimentalapplicationswasterm
inatedafterthe1969mosquitoseason

Inthesummerof1968thepineneedlescalePhenacasp
ispinifoliaewasfoundtobeheavilyinfestingpinetrees
throughoutmuchoftheresidentialareaoftheCityofSouth
LakeTahoeHunt1968Dahlstenetal1969Itwas
suspectedthatthenaturalenemieswhichnormallycontrol
ledthepineneedlescalehadbeenseverelyreducedinnum
bersbytheactionofthemalathionfogusedformosquito
controlDahlstenetal1969Roberts1971summariz
edtheextentofthescaleoutbreakanditsrelationshipto
thethermalfoggingprogramSinceterminationofthepro
gramthenaturalenemieshavereboundeddramaticallywith
acorrespondingcrashinthescalepopulationsLuck1971
perscomm

Fewcontrolledstudieshavebeenmadeoftheeffective

nessofthermalfoggingformosquitocontrolintheSierra
NevadamountainsFontaineandotherworkersfromthe

BureauofVectorControlinthelate1950sobservedalmost

completereductionsofmountainAedesbasedonbody
landingratecountsfromonetotwohoursafterfogging
moderatelylargeareaswithvehiclemountedaerosolequip
mentapplyingDDTmalathionandlindaneSherman19
72perscommSmith 1972perscommLewallen
1964reported50to100reductionsofseveralspecies
ofmountainAedesinsmallscaletestsusingfenthiondi
chlorvosLethane384andmalathionbasinghisreduction
percentagesonbodycountsbeforeand30minutesfollow
ingtreatmentHusbandsandSorokerunpublisheddata
1968observedinconclusiveresultswithfenthionLethane
anddibrombasedonbodycountsbeforeandupto24
hoursaftertreatmentPrineunpublisheddata1969ob
servedveryspottyresultswithacagedstrainofmalathion
susceptibleCulexpipiensquinquefasciatusexposedtothe
malathionthermalfogatSouthLakeTahoe

During1970and1971larvicidingandsourcereduction
techniquesprovidedmoreeffectivecontrolintheconcen
tratedresidentialareasofSouthLakeTahoeRoberts19
71Howeverbecauseofeconomicconstraintswithinthe
programthislevelofcontrolcouldnotbeprovidedto
smallerresidentialpopulationslivinginscatteredoutlying
areasResidentsoftheseareashavebeenrequestingmore
effectivemosquitocontrolPrimarilybecauseitislessex
pensiveandexpedientamalathionthermalfoggingpro
gramiscurrentlybeingreconsideredasamethodtoprovide
mosquitocontroltotheseoutlyingdistrictsThepurposeof
thisstudywastodeterminetheeffectivenessofthistech
niqueformosquitocontrolinsmallisolatedforestresiden
tialdistricts

MATERIALSANDMETHODSTheSpringCreeksummer
hometractinElDoradoNationalForestfivemileswestof
theCityofSouthLakeTahoewasselectedasthetestarea
fortreatmentAnuntreatedcontrolareawasselectedat
CathedralMeadowssummerhometractonthewestsideof

FallenLeafLakeaboutonemilesoutheastofthetest
areaTheSpringCreektractwastreatedonthe4thand
17thofAugust1971inthemorningbetween5and6am
ADynaFog1200Binsecticidalfoggeneratormounted
onavehiclewasusedforapplicationofthemalathionThe
equipmentwasoperatedinthesamemannerinwhichthe
thermalfoggingwasdoneintheoriginalprogramintheCity
ofSouthLakeTahoeThevehiclewasdrivenataspeedof
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betweenfiveandsevenmphwithaninsecticidaloutputof
40gallons5malathionindieseloilperhourTreatment
oftheentirearearequiredabout30to35minutes

Mosquitopopulationsweresampledatbothareasonthe
nightsbeforeandaftertreatmentswithmodifiedCDCport
ablelighttrapsbaitedwithabouttwoIbsofdryiceThree
trapswereoperatedineachareainthesamepositioneach
nightTrapsweresetoutatduskandpickedupbetween
4and5am

Duringthesecondfoggingapplicationonthemorningof
August17aspiratorcollectionsatthesametimeintervals
weremadeinbothareasbeforeduringandafterthefogging
treatmentsCollectionsweremadebyteamsoftwoworkers
eachoneindividualmakingthecollectionsofftheothers
bodyfor30minutecollectingperiodsduringwhichthe
teamsremainedfortenminuteseachatthreeseparatesites
approximately50to100feetapartTheteaminthetest
areacollectedinanareaentirelyinundatedbythemalathi
onfogMosquitoescollectedforeach30minuteperiodwere
placedinseparateclothbagsandheld24hourstodeter
minemortalityandthenidentifiedunderamicroscopein
thelaboratory

Weatherconditionsduringbothtestswererelatively
similarAmbientairtemperatureduringthetimeoffogging
wasbetween55to60FAirmovementwasalmostcalm
withaslowdriftfromsouthtonorthThefogcomingfrom
thegeneratorfirstliftedtoapproximately30to40feet
andthensettledtothegroundcreatingathickblanket
whichmovedwiththeairflowtothenorthanddownthe

drainagecourseofSpringCreek

RESULTSANDDISCUSSIONMosquitospeciescollected
byCO2baitedlighttrapsarelistedinorderofdominancein
Table1ThesnowAedesrepresentedover50ofthecol
lectionsduringthefirstfoggingtesthoweverbythesecond
testtheculicinemosquitoeswerethemostabundant

Table2showsthatmosquitoeswerenumerousinboth
thetestandcheckareasduringthefirstfoggingtreatment
butlessnumerousinbothareasbythetimethesecondfog
gingtookplaceThissuggeststhatanaturaldeclineinmos
quitoabundancehadtakenplaceAcomparisonoflight
trapcollectionsinthetestversusthecheckareasrevealsa
highdegreeofvariabilityamongthelighttrapsNoconsis
tentorstrongdifferenceswereevidenttoindicatesatisfac
torycontrolduetofoggingbylighttrapevaluationTable
2

Tables3and4showthatmosquitoesespeciallysnow
Aedeswerefairlynumerousandtroublesomeinbothareas
beforeduringanduptofourhoursafterthesecondfogging
trialAlthoughculicinemosquitoeswerepresentintheareas
incomparablenumberstothesnowAedesasindicatedby
lighttrapcollectionsTable2theywerenotasreadily
attractedtohumanhostsduringthemorningcollectingper
iodOfthetotalof258mosquitoescollectedoffhuman
hoststheculicineswererepresentedbyonly14Culiseta
inornataand2Culisetaincidens

Figure1demonstratesthepercentagereductionofsnow
Aedesoccurringinthetestareaascomparedtothecheck
ThisgraphshowssomerelativedepressioninAedesbiting
activityduringandshortlyafterfoggingsimilartobutnot
asgreatasthoseseenbyLewallen196430minutesafter
foggingwithaportablefoggeneratorByfourhoursafter
thefogginghowevertherewasalmostasmuchactivityas
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Table1Speciesofmosquitoescollectedinorderof
dominancebyCObaitedCDClighttrapsfromSpring
CreekandCathedralMeadowsnearSouthLakeTahoedur

ingAugust1971

Table2MosquitoescollectedinCObaitedCDClighttrapsatSpringCreekandCathedralMeadowsnearSouthLakeTa
hoeduringfoggingtestsconductedonAugust4and171971

Species
Collected

Snow

Aedes

Culex

tarsalis

Culiseta

inornata

Culiseta

incidens

Aedesincrepitus
Culisetainornata

Aedescommunishexodontus

Culextarsalis

Culisetaincidens

Aedesfitchii
Aedescinereus

Aedessierrensis

Aedesvexans

Aedescataphylla
Culisetaimpatiens

Totalmosquitoes 4591

El 28

E2 328

E3 74

TreatedArea SpringCreekTract

Site 4Aug

E1 84

E2 268

E3 305

Pretest Posttest

Aedesincrepitus fitchii
Aedescommunis hexodontus

Culisetainornata

Aedessierrensis

Culisetaincidens

Totalmosquitoes 258

5Aug6Aug17Aug18Aug
30 8 3 8

M M 12 9

228 40 17 17

El 3 16 5 0 2 C1 32 45 68 2 19

E2 44 M M 5 4 C2 12 8 20 2 3

E3 68 32 40 2 4 C3 4 6 14 1 1

El 0 0 0 0 0 C1 16 15 4 2 8
E2 24 M M 3 2 C2 21 12 8 3 2
E3 4 4 3 3 3 C3 24 4 10 2 0

Mindicatestrapmalfunctioncollectionnotcounted

Table3Speciesofmosquitoesattractedtohumansin
orderofdominanceatSpringCreekandCathedralMeadows
nearSouthLakeTahoeonAugust171971

wouldhavebeenexpectedwithoutthetreatment
Mosquitoesthatwereaspiratedfromhumanhostsduring

andafterthetreatmentandheld24hourshadamuchhigh
ermortalitythanthosecollectedintheuntreatedareaOut
of56mosquitoescollectedinthetreatedarea43diedafter
theholdingperiodascomparedtoonedeathfromtheun
treatedareaThehighestmortality97 occurredinthe

groupcollectedduringthetreatmentandthelowestmortal
ity64 fourhoursaftertreatmentThesedatasuggest
thatfromanoperationalstandpointtheequipmentandin
secticidewereperformingsatisfactorily

Intheeveningfollowingthemorningtreatmentof
August4fourresidentsoftheSpringCreekTractwere
interviewedinregardtomosquitobitingactivityduringthe
dayTheirobservationsweremixedandcontradictoryas
tothebenefitsofthecontrolprocedure

Thetwosetsofcollectiondataobtainedbythelight
trapandhumanlandingcountscombinedwiththesubjec
tiveobservationsoftheinvestigatorsandresidentsatthe

UntreatedArea CathedralMeadows

PretestPosttest Pretest Posttest PretreatPosttrea

Site 4Aug 5Aug6Aug17Aug18Aug
C1 284 235 203 32 38

C2 258 156 76 9 13

C3 28 80 44 2 6

16 5 0 2 Cl 66 215 96 52 42
M M 4 11 C2 24 36 44 6 7

92 58 25 20 C3 40 46 54 3 1

testsiteindicatethatmalathionthermalfoggingwasnot
veryeffectiveasaprogramtoprotectresidentsinsmalliso
latedmountainareasAnyapparentbenefitsthatmightbe
inferredfromthedatapresentedinthisstudyshouldbe
qualifiedbythefollowingobservations

1Lighttrapcomparisonsbetweenthetreatedanduntreat
edareasdidnotdemonstratedifferencesthatindicated
satisfactorycontrolTable2

2Humanlandingcollectionsconductedduringthesecond
foggingtrialobtainedresultswhichsuggestedthatthe
reductionofsnowAedeswastransitoryandreturnedto



pretreatmentactivitywithinafewhoursafterfogging
Figure1

3Forestentomologistssuggestthatthermalfoggingisdis
ruptivetonaturalarthropodregulatingmechanismsin
forestecosystemsandmayinduceotherpestproblems
Dahlstenetal1969

DahlstenDLRGarciaJEPrineandRHunt1969Insect
problemsinforestrecreationareasCalifAgric23746

HuntR1968PineneedlescaleinfestationSouthLakeTahoe
CaliforniaCalifDivofForRpt

60

50

40

30

20

10

445

Pre

test

ReferencesCited

530

During
test

Pretreatment

TimeofSampling
August171971

215

610
Post

test

Fig1AspiratorcollectionsofSnowAedesfemalesinthetreatedSpringCreek areashownaspercentofcollectionsinthe
untreatedCathedralMeadowsareaSouthLakeTahoeonAugust171971

Table4Totalnumberofmosquitoesaspiratedfrom
humanhostsathhourintervalsatSpringCreekandCathe
dralMeadowsnearSouthLakeTahoe

445AM

to

515AM

530AM

Duringtreatment to

600AM

600AM

Posttreatment to

630AM

1000AM

Posttreatment to

1030AM

HusbandsRandRHSoroker1968Unpublisheddata
LewallenLL1964Preliminaryobservationsonthermalaerosol

applicationsofinsecticidestocontroladultmountainAedes
inCaliforniaCalifVectorViews11847

LuckRF1971PersonalCommunication
PrineJ1969Unpublisheddata
RobertsFC1971TheevolutionofmosquitocontrolatSouth

LakeTahoeProcCalifMosqControlAssoc394446
ShermanEJ1972Personalcommunication
SmithTA1972Personalcommunication

WomeldorfDJ1966Anadministrativeoperationalandtechni
calreviewofthemosquitocontrolprogramconductedby
ElDoradoCountyServiceAreaNo3CalifStateDeptPubl
HealthBurVectorControlRpt

Startingtimeof
12hourcollections

Treated

Area Untreated

10 21

23 56

19 80

14 35

1000

Post

test

382
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InordertoputsolidultralowvolumeULVinperspec
tiveitisinstructivetoconsidertheuseofstandardformula
tionsInanemulsionanoilsolutionisaddedtowaterFor
conventionalULVyoucanleaveoutthewateranddisperse
theoildropletsinairInthecaseofdustaconcentrateis
usuallymixedwithaninertcarrierForsolidULVyoujust
leaveouttheinertdiluentdustanddispersethefinely
groundconcentrateForawettablepowderthesolidpar
ticlesaremixedwithwatertoformasuspensionWithout
thewaterdiluentyouhavesolidULV

ThecriteriaofULVparticlesizesforlarvicidingareex
pectedtobedifferentfromthoseusedforadultcontrol
andIlimitmydiscussionheretoadultcontroltechniques
Forlarvicidingtheparticlesizewouldprobablyneedtobe
largertogetwaterfallout

AdultmosquitocontrolwithULVisreallyquiteold
ThermalfogisclosetoULVandhasevolvedtothemodern
smokelessaerosolgeneratorswhichareextremelysuccessful
inmosquitocontrolMountetal1970Stainsetal1969
Mount1970hasrecentlyreviewedthesubjectofoptimum
dropletsizeforadultmosquitocontrol

UseofsolidULVhasbeenreportedforexperimental
testsoncottonLincoln Dean1967andcornGreene
1970Harrelletal1970TheuseofsolidULVforadult
mosquitocontrolisthenextstepinalogicalprogressionof
anevolvingtechnology

Theproblemsthatgoalongwiththebenefitsofliquid
ULVincludethefollowing
1Dropletsizeneedstobecontrolleddependingonthetar

getandtheideasoftheoperatorGettingthedesired
dropletsizeswithoutasignificantnumberofundesirable
sizescontinuestobeanareaofresearchandexperimen
tation

2Bioassayinthefieldtodetermineoptimumsizehasbeen
restrictedbecauseofthevariationindropletpatterns
producedwiththeavailableequipment

3Spottingofpaintedsurfacesanddepositofoilresidues
onplantsisaproblemwithoilsolutionsInsomecases
problemscanarisefromthesolventbutitmayalsooc
curiftheinsecticideisusedwithoutanyothersolvent
diluent

4Generationofsmallparticlesusuallyrequiresahighen
ergysourceandthisisusuallyheavyandnoisy

5Slightvariationsinoperatingconditionscancauselarge
variationsinthedropletsizespectrumproduced

6Suitablesolventsforsomecompoundscanbealimita
tionontheconcentrationofachemicalinsolutionBay
gonislimitedinsolubilityandlowconcentrationsolu
tionsareallthatcanbeobtainedHigherconcentrations
canbeachievedbyuseofmoreexoticsolventsbutthese
usuallypresentmoreriskofsurfacedamage

SolidULVappearstoovercomesomeoftheproblemsof
liquidULVinthefollowingways

SOLIDULTRALOWVOLUME

WilliamHazeltine

ButteCountyMosquitoAbatementDistrict
Route2Box2040OrovilleCalifornia95965
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1Particlesaremadeintheformulationprocessandanex
aminationunderamicroscopewillshowthesizesthatare
presentItisalsopossibletoblendbatchesforabroader
rangeofparticlesizesAtthe1to20micronsizeparti
clesofsolidshouldbehaveaboutlikethosefromliquids
asfarassettlinganddriftareconcerned

2Dryformulationsshouldcausenoproblemsonsurfaces
Thereisalsonoconcernonsolventevaporationbecause
thereisnosolvent

3Becausetheenergytoformthesmallparticlesisapplied
inmanufacturetheonlyfieldenergyrequiredisthat
neededtometertheconcentrateandtodisperseitinthe
movingaircurrentsThereisnohighenergynoisyor
heavyequipmentrequiredContrarytothedesirefor
psychologicalimpactofcontrolafewyearsagothepre
sentneedseemstobeforquietquickapplicationswith
aslittledisturbanceaspossible

4Withalreadyformedparticlesthereisnoconcernabout
flowcapacityofequipmentchangingparticlesizeAccur
atemeasuringistheonlymajorconstraintonequipment
speedinapplicationIfyouwanttodrivefasteryou
simplyincreasethefeedrate

5Thereappearstobelessrisktohumansandothermam
malsbecauseofthewayourrespiratorysystemoperates
Solidsarelessliabletobeabsorbedandcanbecoughed
upLiquidstendtostickonthesurfacesandbecause
theyareinsolutiontheywouldbeexpectedtopass
throughmembranesmorerapidly

6Chemicalswhicharesolidsareanaturalforthedryform
ulationInadditionfirehazardfromsolventisnotpre
sentandshippingweightisreduced

7Byavoidinglargerparticlesizesitmightbepossibleto
reduceresiduesonnontargetplantsTelle1970has
brieflyconsideredthedropletsizenecessarytoachieve
impingementonbeansandcerealplantsByusingthe
sameinformationwecouldpossiblyrestricttheparticle
sizesbelowthosewhichwouldsticktoplantsurfaces
andtherebycomeclosertoprecisionapplicationwithout
causingresidues

TherearesomeproblemswithsolidULVwhichneedto
beconsideredOneofthemostimportantisthecommonly
believedideathatdustdriftsmorethanliquidanddriftis
badActuallythereverseofthisseemsmorecorrectTher
malfogcoldfogandhouseholdaerosolsallaresuccessful
onlywhenthereisdriftThecommonmisunderstanding
apparentlyarosebecausedustwasvisibleandthefinedrop
letsfromliquidspraywasnotvisibleandresultedinanidea
thatwhatyoucannotseeyoudonotworryabout

Preciseapplicationequipmentisnecessarytoapplythe
requiredsmallamountsofsolidconcentrateForexample
Baygon70WPappliedattherateof1100poundAIper
acreina500footswathwouldrequireabout25poundsof
concentrateperhourandcoverabout1750acresTwenty
fivepoundsperhourconvertstoaboutfivecubicinchesper



minutefortheproperfeedrateandthisshouldbeevenly
dispersedover440feetoftravelItshouldbeobviousthat
theequipmentforapplicationmustbeabletodeliverthe
desiredamountaccurately

Augersarenotpreciseenoughformeteringandasystem
hasbeendevisedusingatimingbeltandavariablespeed
drivetogetclosetothedesiredaccuracyThesystempicks
upthepowderinthebeltteethandmovesthedusttothe
airflowwherethepowderisblownoffthebeltandintothe
airstreamTheheartofthesystemisaZeroMaxvariable
slowspeeddrivedevice

Itseemsappropriatethatequipmentsupplierswillneed
tobeinvolvedsotheycandevelopasuitablepieceofequip
mentbeforedevelopmentcanproceedbeyondtheearlytest
stages

Thepesticidemanufactureralsomustbecomeactivelyin
volvedalongwiththeequipmentsupplierinateameffort
Withoutaregisteredproductthemachineisnotworth
muchandaproductwithouttheprecisionequipmenttouse
itisequallyuseless

Registrationwillbeaparamountproblemfollowedby
thewillingnessofthemanufacturerorformulatortomakea
productforthisspecificuseMostliquidULVproducts
havebeendevelopedfromanalreadyavailableproductor
somethingobtainedatsomepointintheformulatingpro
cessTheideaofasolidconcentrateformulationforthis
usewithoutdilutionisunusualRegistrationrestrictions
couldkillthedevelopmentofSolidULVordelayituntil
itsneedsareimminentsuchasavectorborneepidemic
Thisofcoursedoesnotallowthetimenecessarytodevelop
atechnologyandachanceforthesuppliertorecoverthede

AttheCMCAs39thAnnualMeetinginOaklandin1971
wediscussedthepossibilityofusingverticaldrainageasan
adjuncttoexistingwatermanagementpracticesinirrigated
fieldsintheCentralValleyofCaliforniaLewisandChris
tenson1971Weexpressedtheopinionthatverticaldrain
ageofsurfacewatercouldbeobtainedinsomeareasin
alluvialsoilsbyboringholesintoanunderlyingpermeable
layerandcitedthelimitedevidencefromwhichwehad
formedouropinionItwasandisourviewthatwheresuch
drainagecanbeobtaineditshouldbeausefultoolformos
quitocontrolagencieswhicharefacedwithsmallproblem
areasinfieldsthatareotherwisewellcontouredandwater

edinacreageswherealternatecroppingsystemsandgood
culturalpracticesarenonfeasibleandinavarietyof
othersituationssuchasgraderditcheswheretheseepage
ofirrigationwatercreatestemporarymosquitohabitats
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velopmentcoststhroughreasonablemarketingLastmin
uteallouteffortstodevelopanewtechnologyusuallyare
wastefulofresourcesandareahighriskhighcostapproach
toproblemsolving

IfsolidULVeverbecomesanoperationalrealityitwill
bethroughacooperativeeffortofequipmentandchemical
suppliersworkingtogetherItwillalsodependonnonabuse
byagenciesandindividualswhoneedthetechnologybut
maybetemptedtogooperationalbeforethenecessarytests
aremadeandregistrationsandclearancesareissued
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VERTICALDRAINAGEFORMOSQUITOABATEMENTINSMALLPROBLEMAREAS
ASSOCIATEDWITHIRRIGATEDFIELDS APROGRESSREPORT

LeyburnFLewisDarrellMChristensonandWilliamMRogoff
UnitedStatesDepartmentofAgriculture

EntomologyResearchDivision5544AirTerminalDriveFresnoCalifornia93727

Toexplorefurtherthefeasibilityofsuchdrainageweset
upastudyprojectattheWesternInsectsAffectingManand
AnimalsLaboratoryinFresnoSomeoftheresultsconsti
tutethesubjectmatterofthispaper

MATERIALSANDMETHODSFortheprojectweobtained
afarmtypetractorwithaskiploaderfrommilitarysurplus
CooperatorsatFresnoStateCollegerestoredthetractorto
goodconditionandconstructedadetachablefivefootlong
auxiliaryboomthatattachedtoexistingbracketsonthe
loaderbucketarmsatthefrontendofthetractorThena

hydraulicboringheadwasmountedontheauxiliaryboom
todriveourheavydutysixfootlongaugersone9one6
andone4inchesindiameteralongwithanappropriate
numberofaugerextensionsSotheaugerscouldpenetrate
hardpaneachwasequippedwithaspecialboringhead
Twowayhydrauliccylindersweresubstitutedforoneway
cylindersontheloaderandalargerhydraulicpumpandan



62

additionaltankforhydraulicfluidweremountedonthe
tractorTheassembledequipmentisillustratedinFigure1

Withtheenumeratedequipmentwecouldboreholesto
amaximumdepthofabout13feetWefilledallsuchholes
witha3inchaggregatetoppedoffwithaboutfourinches
ofloam

Attheoutsettheprimaryquestionwaswhetherdrainage
couldbeobtainedbyboringholeswithourequipmentAny
questionofoptimumdepthaugerdiameterornumberof
holesperacrewasmootunlesswecouldproducedrainage

Fig1Drillingequipmentusedtoobtainverticaldrain
ageshowinghydraulicboringheadand6inchaugerwith
extensions

RESULTSANDDISCUSSIONOurfirstseriesofholes

wereboredinproblemareasinsmallpasturesatFresno
StateCollegeTheCollegehasmanyofthesepastureseach
completewithitsownirrigationsystemincludingreturn
ditchesforthetailwaterThesesmallpasturesservedwell
forthepreliminaryworkbecauseweneededexperienceand
informationofageneralnature

Allproblemareasinvestigatedwereunderlainbyarock
likehardpanJusttogetthroughthehardpanmostholes
hadtobefromfivetcninefeetdeepAlsoinplacestwo
layersofhardpanwerepresentwiththedeeperofthetwo
extendingtoabouttheninefootlevelTopenetratethe
hardpanwehadtoplacealmostthefullweightofthetrac
torsfrontendontheaugerwiththedownthrustprovided
bythetwowayhydrauliccylinders

Inadditiontheheavysoilslyingabovethehardpan
meantthatanywaterthatdrainedmustflowdirectlyinto
theopeningofthedrainageholethatistobecompletely
effectiveaholehadtobeatthelowestpointintheareato
bedrainedandthewaterhadtohavedirectaccesstothe
holeoveranunobstructedsurfaceonoccasiontherefore

shallowditcheswererequiredOtherwiseevensmallquanti
tiesofwaterwouldnotdissipatelaterallythroughtheheavy
soilwithinashortenoughtimetopreventmosquitoemer
genceandthisslownessalsolimitedtheusefulnessofthe
processindrainingmudholes

Wealsolearnedthatinchoosingthediameteroftheaug
eranimportantpracticalconsiderationwasthevolumedis
placedbytheaugerAnineinchdiameterholetenfeetdeep
wouldrequireabout490poundsofaggregateasixinch
diameterholeofthesamedepthwouldrequireabout220
poundsandafourinchdiameterholewouldrequireabout
95pounds

Althoughtheproblemareasinallthesmallpasturestest
edweregenerallybrokenupbyreturnditchescrossfenc
ingwateringtroughsorfeedersallofwhichtendedto
limitthenumberofgoodexperimentalsiteswewereen
couragedbyourfindingsInareaswhereourholeswere
wellplacedandthetailwaterreturnsystemworkedwe
weresuccessfulindrainingoffstandingwaterwithin24to
72hoursaftertheflowofwaterhadbeenshutoff

Oursecondseriesofholeswasboredina40acrealfalfa

fieldwith30footwidechecksstripswithparallelearth
dikescalledborderridgeswhichslopedfromnorthto
southThisfieldalsohadreturnditchesfortailwaterFor

irrigationpurposestheCollegehaddividedthefieldinto
threenorthsouthsectionseachwateredindependently
Howeverwithineachofthethreesectionsallcheckswere

irrigatedsimultaneouslysoeachreceivedaboutthesame
volumeofwateroverthesameperiodoftimeTheholes
wereboredatthenorthendofthecentersectionofthe

fieldwherearoughlysemicircularmosquitoproducingarea
extendedfromtheboundaryfencesouthwardforamaxi
mumdistanceofabout200feetAllalfalfainthemosquito
producingareahadbeendrownedoutandthevegetative
coverconsistedofwatertolerantherbaceousplantsChecks
designatedhereas12and3withinthiscentersectionwere
alikeintheextentoftheirindividualmosquitoproducing
areas

Thefirstnineholesinthecentersectionwereboredin

check1Allwerefromseventoninefeetdeepbyninein
chesindiameterandallbutonewentthroughanunderly
inglayerofhardpantheoneendedwithinasecondlayerof
hardpanattheninefootlevelWhentheywereflooded
fiveoftheholesdrainedoffallimmediatelysurrounding
waterwithin24hoursbuttheotherfourholesdrained
littleornowaterHoweveraseriesofhastilymadeditches
leadingtothefivefunctionalholescompletedthedrainage
ofcheck2within72hourswaterstoodforatleastsix
daysoncompanionchecks

Beforecheck2wasrefloodedfournewholeseachafull
ninefeetdeepwereboredasreplacementsforthenonfunc
tionalholesHoweveronceagainsomeditchingwasrequir
edtoobtaincompletedrainagewithin72hoursWethen
boredasecondsetofreplacementholeseachofwhichpen
etratedintoanunderlyingsandylayeratadepthoffrom
10to11feetAsaresultaftereachsubsequentflooding
allstandingwaterwasgonefromcheck2within24hours
waterstoodoncompanionundrainedchecksforamini
mumofsixdays



Whenitbecameevidentthatverticaldrainagecouldbe
obtainedoncheck2withanineinchdiameteraugerwe
bored15sixinchdiameterholeseachseventoeightfeet
deepincheck1Allholeswentthroughthehardpanbut
nonepenetratedintoasandylayerWhenthischeckwas
floodednovisibledrainageoccurredandwaterstoodforat
leastsixdaysWethenreboredacompletesetofsixinch
diameterholesincheck1allofwhichpenetratedintoan
underlyingsandylayeratalevelof10to11feetAsare
sultaftereachsubsequentfloodingallstandingwaterwas
gonefromcheck1within24hoursthoughwaterstoodat
leastsixdaysoncompanionundrainedchecks

Afterworkwascompletedoncheck1webored13holes
incheck3withafourinchdiameteraugerallthroughhard
panintoanunderlyingsandylayeratthetento11foot
levelBecauseofthelatenessoftheseasoncheck3was
floodedonlyoncebeforecultivationandthisoneflooding
occurredaftertheinitialcontouringhadbeensomewhat
disturbedbydiskingHoweverthedrainagerateincheck3
appearedcomparabletothatobtainedinchecks1and2
Furtherconfirmatoryworkwiththefourinchdiameter
augerisneeded

Wealsoboredotherseriesofholesduringthesummerin
cludingoneseriesdesignedtoprovideuswithanestimate
oftheminimumnumberofholesrequiredperacreforade
quatedrainageinproblemareasattheCollegeOneyielded
informationthatcontradictedtheresultspresentedbuttoo
fewobservationsweremadetoproducedefinitiveinforma
tion

Despitetheobviouslylimitedscopeoftheworkdescrib
editwasperformedinfieldsthatwereactivelycultivated
Thereforesinceweinnowayinterferedwithormodified
thewateringharvestingorgrazingschedulesorotheractiv
itiesinthesefieldswebelievewehavedemonstratedthat
verticaldrainageofsurfacewatercanbeobtainedinsmall
mosquitoproducingareasinalluvialsoilsbypreparing
drainageholesthatpenetrateintoanunderlyingpermeable
layerWealsodemonstratedthatmorethanonediameterof
augermaybeusedforthepurposeandthatthemerepen
etrationofahardpanorotherrestrictivelayerwillnotas
suredrainage

ThetreeholemosquitoAedessierrensisisanimportant
pestinmanyoftheurbanandsuburbanareasofCalifornia

Rotholesintreesformtheprimarybreedingsiteshowever
inmountainforestareaswhereloggingoperationshaveoc
curredinthepasttreestumpsalsoformidealbreedingsites
JenkinsandCarpenter 1946Mortenson 1969and
others
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Sincethisisaprogressreportsomestatementoffuture
objectivesseemsinorderOurimmediateobjectivesareto
testourproceduresandequipmentinotherproblemareas
Inareaswhereverticaldrainagewillworkweneedtoinves
tigatetheinterrelationshipsbetweenholedepthanddiame
terandtheacreinchesofwaterthatagivennumberofholes
peracrewilldraininagivenunitoftimeAlsoinallareas
weneedanestimateofthefunctionallifeofdrainageholes

Ourlongrangeobjectiveistoworkwithotheragencies
thataremorequalifiedandhavemoreresourcestodeter
minethefullusefulnessoftheconceptofverticaldrainage
Mosquitocontrolisourobjectiveandtheonlygoaltowards
whichwecontemplateworkingbutifpondedsurfacewater
canbemoveddownwardthroughdrainageholesitshould
bepossibletouseasystemofdrainagetilestomovesurplus
subsurfacewaterdownwardthroughthesameholesSuch
increasedsubsurfacedrainagewouldprovidebothimproved
landuseandmosquitoabatementMoreoveritseemstous
thatwherebetterlandusecanbeobtainedfarmersthem
selvesascontrastedtoownersofsmallacreageswillinstall
andmaintainverticaldrainagesystemsinwhatarenow
purelynuisancespots

Onthebasisofourencouragingexperienceswebelieve
thatverticaldrainageholesdrilledinproblemareasandfill
edwithacoarseaggregatecanbeausefuladjuncttomos
quitocontrolinareaswhereotherwatermanagementpro
ceduresareimpractical
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Overthelastyearandahalfwehavebeenmonitoringa
populationofAsierrensisinahardwoodforestofMarin
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quitoinatypicalnaturalhabitatfromanecologicalpoint
ofviewinordertogatherinformationonthenaturalmor
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talityfactorswhichregulaieitspopulationsItisanticipated
thatanunderstandingofthesemortalityfactorsmayallow
ustoutilizetheminaspecificmannertocontrolthismos
quitoInabroadersensewealsohopethatsomeofthe
microbialagentswhichhavebeenisolatedfromthismos
quitowillbeadaptabletoothermosquitospeciesindiffer
entaquatichabitatsSancers1972describessomeofthe
agentswhichhavebeenisolatedfromAsierrensisandthe

roleofinsectpathologyinthisprogram
Thedatainthispaperarepresentedfromageneralview

sincemuchoftheinformationacquiredoverthelastyear
andonehalfrequiresfurtheranalysis

Thestudysiteconsistsofatreecoveredridgeareacom
prisingseveralacreswiththedominanttreebeingcoastal
liveoakOaksrepresentabout85ofthetreesinthearea
ThenextmostabundanttreeisCalifornialaureltheremain
ingfewtreesaremadroneandbuckeyeThetreesaredens
estonthenortheastfacingslopeandformamoreorless
completecanopyTheoakandlaurelaremoreevenlydistri
butedonthissidewhiletheoppositesideoftheridgeis
moreopenandcomposedmainlyofoakThereareabout
1700treesinthestudysiteinwhich220treeholeshavebeen
locatedandarebeingmonitored

Theemergencecageisonetechniquewhichwehaveem
ployedroutinelytomonitorthesemosquitopopulations
Thecagesareconstructedoffinecottonmesh60mesh
inchintheformofasleevewithadrawstringinsertedat
oneendTheopenendisfittedoverthetreeholeopening
andattachedwith916inchaluminumtacksEmergence
cagesareattachedduringthewintermonthswhenthereis
noadultactivityEggslaidduringthesummerhatchafter
thefirstperiodofcontinuousheavyrainsForthepasttwo
seasonstheinitialhatchhasoccurredduringthelasttwo

15

10

5

weeksinNovemberDevelopmentisquiterapidatfirst
with4thinstarlarvaepresentinthetreeholesbylateDecem
berThereishoweverawidevariationofinstarsinthe
treeholesAllinstars1stthru4thcanbefoundintreeholes
duringlateDecemberThisstaggereddevelopmentisappar
entlyduetoresidualhatchesfromeggslaidinprevious
summersHoweveritappearsnottobeentirelyrelatedto
alternatingwettinganddryingperiodsbecausethemajority
oftreeholesremainedfullofwaterduringthisentiretime
ThevariabilityinhatchingofAsierrensiseggsinrelation
shiptotheamountofdissolvedoxygenasreportedbyJud
senetal1966moreappropriatelyexplainsthewidedis
tributionofinstarsearlyintheseasonInadditionthelar
valdevelopmentperiodcanbeexceedinglylongasreported
byFreeborn1962andReeves1941Larvaewereobserv
edinonetreeholeforaslongasninemonthsduringthis
study

Laboratorystudiesindicatethatthelengthorchangein
lengthofthephotoperiodinfluenceslarvaldevelopmentIn
onestudylarvaewereremovedfromfourtreeholesinearly
DecemberandbroughtbacktothelaboratoryThelarvae
rangingfrom1stto3rdinstarsweredividedintoequalnum
bersof50larvaeeachandplacedintosimilarcontainers
withequalvolumesofwaterOneseriesoflarvaefromthe
fourtreeholeswasexposedtoashortcontinuouslightper
iodof9hoursand30minuteswhiletheotherwasexposed
toalightperiodincreasedby15minutesadayfrom12
hoursto15hoursand15minutesWheast asafoodsource

wasaddedinequalamountstoeachcontainerthroughout
theexperimentanddistilledwaterwasaddedperiodically
tomaintainthevolumeTemperatureswerekeptatacon

1DriedinactiveSaccharomycesfragilisyeastandwheyproteins

shortphotoperiod

longphotoperiod

Fig1ImmatureAFdessierrensisdevelopmenttopupationunderdifferentphotoperiodregimesShortphotoperiod
9hrs30mincontinuouslightoutofevery24hrperiodLongphotoperiodincreased15minperdayfrom120hrsto15
hrs15mincontinuouslightoutofevery24hrperiodthenmaintainedat15hrs15min



stant68 2FDevelopmentunderbothlightregimespro
gressedataboutthesamerateforthefirsttwoweeksuntil
almostallindividualsinbothtestswereeither3rdor4th
instarBythemidpointofthe3rdweekthelarvaeunder
longlightregimebegantopupateFig1Pupationdidnot
occurintheshortlightregimeuntiloneweeklaterand
thenitwasmuchmoregradualThesetestswerecompli
catedbyalatentfungusinfectionwhichkilledmoreofthe
larvaeunderthelonglightAlthoughthelonglightperiod
appearstohaveinfluencedtherateoflarvaldevelopment
itisnotclearwhetherthiswasadirectorindirectrelation
shipMicrobialgrowthwasnotedtobeheavierincontainers
underthelonglightsuggestingthepossibilitythatnutrition
alfactorsmayhaveinfluencedthelarvaldevelopment

Adirectnaturalmortalityfactorwhichrelatestopro
longedlarvaldevelopmentwasseeninthefactthatcertain
holesbecamedrybeforeadultemergencecouldtakeplace
Totalmortalitywasnotedinsomeofthesmallshallower
treeholesduringadroughtperiodwhichlastedfromapprox
imatelymidJanuarytomidMarchDuringthisperiodato
talofonly02inchesofprecipitationwasrecordedItap
pearsthatathoroughdryingofthetreeholesisnecessaryto
producetotalmortalityTreeholeswhichappearedtobe
drybutcontainedsomemoistureproducedviablelarvae
andpupaewithinafewminutesafterdistilledwaterwas
addedtotheholesThisspeciesappearswelladaptedtosur
vivelongperiodsintheabsenceoffreewaterInthelabora
torythiswasconfirmedbyplacinglarvaeandpupaeover
wetcottoninsealedplastic50mlcontainersThecontainers
werefittedinsidewithasmallaluminumplatformwhich
supportedacottonorgandydiscaboutPhinchabovethe
cottonExcesswaterwasremovedfromthemosquitoeswith
absorbenttissuebeforeplacingthemontheorgandybase
Table1showsthesurvivaltimesattwodifferenttempera

Table1SurvivalofimmatureAedessierrensisoverwatersoakedcotton
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turesPupaewerethemostresistantandsomeindividuals
wereabletoemergetoadultsundertheseconditionsTotest
viabilityaftertheexposureperiodindividualswereplaced
inwaterThestressofprolongedperiodsoutofwaterwas
exemplifiedbythebehaviorofthelarvaeandpupaeimmed
iatelyafterimmersionTheygenerallyremainedquiescent
forashortperiodasthoughabsorbingwaterandthenre
quiredseveralminutesormorebeforetheirmovementsap
pearednormalDevelopmentgenerallycontinuednormally
thereafter

Insummaryitisanticipatedthatthedatapresentedin
thispaperinconjunctionwithcontinuedinvestigationson
othernaturalmortalityfactorswillbeusefulinplanninga
programforanintegratedapproachtothecontrolofthis
species
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MICROBIALMORTALITYFACTORSIN 1EDESSIERREVSISPOPULATIONS

RDSanders

UniversityofCalifornia
DivisionofEntomology201WellmanHallBerkeleyCalifornia94720

TheInsectPathologyLaboratoryatBerkeleyisconduct
ingasurveyofthediseasesofAedessierrensisandattempt
ingtoassesstheirrelativeirnportanceaspopulationregulat
ingfactorsThissurveyandaconcomitantecologicalstudy
inthesameareabytheDivisionofBiologicalControlat
Berkeleyaimatdevelopinganintegratedcontrolprogram
forAsierrensisThispapersummarizesthediseasecausing
organismsrecoveredduringthefirstyearofsampling

EighteentreeholesinthestudyareanearNovatoMarin
CountywereusedforthispreliminarystudySamplesof
treeholewatercontainingmosquitolarvaeandpupaewere
aspiratedfromthetreeholesandtransportedtothelabora
toryforanalysisMosquitceswereexaminedunderthedis
sectingmicroscopeandthepathogensisolatedandplaced
onculturemediaorpreservedforfutureexaminationSome
infectedmosquitoeswerefixedsectionedandstainedfor
microscopicexaminationtodeterminethepathologiceffects
oftheorganismonthehost

Fourofthe18treeholescontainedfrom2691ofthe

mosquitoesinfectedwiththefungusBeauveriatenella
Table1Thisfungusinvadesthesiphonandsaddleregion
andmaylaterbecomeestablishedattheintersegmental
membranesmostnotablyintheneckregionFig1The
siphonmaybecomepackedwithfungalhyphaethussuffo
catingthelarvaandtheanalpapillaemayeventuallydrop
offThemosquitodieswhenthemyceliapenetratethrough
thecuticleandintothehypodermicandothertissues
LightBtenellainfectionsoccurringontheexternalsurface
maybecastoffwhenthemosquitomoults

Tetrahymenaspaciliatedprotozoanandamermithid
nematodewerepresentinmosquitoesfromoneofthetree
holesFigs23and4Ofthe320mosquitoesexamined
fromthistreehole77wereparasitizedbyTetrahymenasp
32bymermithidand43bybothpathogensTable1Once
thebodycavityisinvadedbyeitherorbothofthesetwo
pathogenstheyappeartogrowanddevelopuncheckedon
thehostsfoodreserveswhicheventuallyresultsindeathof
themosquitoInaddition83mosquitoesinthistreehole
wereinfectedwithBtenellaThetotalmortalityattributa
bletothethreediseasesamountedto73inthistreehole

Thespecificinteractionsbetweenthesediseaseandtheir
hostsarenotclearlyunderstoodnordoweknowtheiref
fectsontheearlylarvalinstarssincesamplesweretaken
toolateintheseasontoobtainyounglarvae

ThesepreliminaryfindingsindicatethatBtenellahas
potentialasapracticalcontrolagentLaboratoryandfield
testsareinprogresstoassessitseffectivenessBtenella
appearstobepresenttosomeextentinmostifnotall
treeholeswhileTetrahymenaspwasfoundonlyoccasion
allyinseveralothertreeholesandthemermithidwasfound
onlyinthesingletreeholeItisnotknownwhycertain
treeholescontainpopulationsofmosquitoeswithepizootic
levelsofdiseasewhileothershaveconsiderablylessinfected
individuals
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Clearlythesegroupsofpathogenshavebeendemonstrat
edtocausemortalityinmosquitoesunderlaboratoryand
fieldconditionsCorliss1960Laird1971Petersenetal
1968Studiesinprogressareattemptingtoquantifysome
environmentalparameterswithinatreeholepHoxidation
reductionpotentialsurfaceareaItispossiblethatvarious
combinationsofthesefactorslendtoahighincidenceof
diseaseThusmanipulatingthetreeholeconditionsorsimp
lyaugmentingexistingpathogensmightleadtodeclinein
mosquitopopulationsWearealsoinvestigatingresistant
stagesofpathogensduringthesummerdryperiodwhen
hostsareusuallyabsentSuitableconditionsduringthese
periodsmayallowthepathogenstosurviveduringthesum
merandtohaveagreaterimpactwhenthehostsbecome
abundant

Asierrensiscanbeaseverenuisancespeciesduringthe
Springasitbiteshumanswherenaturalhostsarenotreadi
lyavailableItfrequentlybreedsintreeholesinbackyards
andwoodedareasnearhomesThisspeciesisnoteasilycon
trolledwithstandardtechniquesasthelarvalhabitatsmust
betreatedindividuallyandareofteninaccessibleUntilre
centlyDDTwasusedtocontrollarvaebutlatelyDursban
hasprovenusefulalthoughitislesspersistentDDThas
beenretainedformosquitocontrolfor1972inCalifornia
foruseagainstAsierrensisalthoughfewmosquitoabate
mentdistrictsstillusethischemicalFoggingmayoccasion
allybeusedagainstadults

Forthefollowingreasonsnamelythedifficultyofcon
trolfrequentcontactwithmanincertainareasandthe
continueduseofachemicalthatisbeingphasedoutinCal
iforniaanecologicallysoundandeffectivealternativeto
presenttechniqueswouldbeofgreatadvantagePathogenic
microbesmayoffersomeuniqueadvantagesinthattheyare
generallynotecologicallydisruptivenontoxicandtakead
vantageofcertainweaknessesinthelifecycleoftheirhosts
Atthesametimetheypossessresidualqualitiessincethey
arealreadyfoundinthemosquitosenvironmentTheuse

Table1AedessierrensisfieldcollectionsNovatoMarin

CountyCalifornia

Mosquitoes
Treehole examined Diseaseorganism

1 235

2 43

3 15

4 320

Btenella

Btenella

Btenella

Btenella

Tetrahymenasp
mermithid

bothTandM

a18treeholes 4withdiseaseepizootics

Percent

diseased

91

51

33

73



Fig1Beauveriatenellainvadingthe analsaddleofAedessierrensis

Fig2Tetrahymen spinfectingtheanalpapillaeofAedessierrensis

Fig3Mermithidnematodeinthehead capsuleofAedessierrensis

Fig4Mermithidnematodeemergingfrom theanusof
anAedessierrensislarva
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ofmicroorganismscombinedwithsourcereductionfilling
treeholeswithsandorproperpruningtechniquesmay
provetobeofgreatervalueinthefutureWithstudies
underwaywehopetotakeadvantageoftheseandother
factorstodevelopasoundandeffectiveprogramtomanage
Asierrensispopulations

PreliminarylaboratorytestsindicatethatBtenellamay
havepotentialincontrollingothermosquitospeciesLarvae
ofCulexpipiensAedesaegyptiAedesdorsalisandCuliseta
sparesusceptibletothediseasewhenplacedwithspore
concentrationsoffrom10to10sporespermlField
testswillbeunderwayshortlytoassesstheabilityofB
tenellatocontrolseveralimportantspeciesofCalifornia
mosquitoesInadditionthisfunguscanbeeasilyandinex
pensivelyproduced

Itishopedthatwiththeinformationobtainedfromde
velopingapopulationmanagementprogramforAsierrensis
thatsimilarapproachesmaybedevelopedforothermos
quitoesinCalifornia
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THEUSEOFOVITRAPSTOEVALUATEAEDESSIERRENSISLUDLOWPOPULATIONS

EarlWMortensonl GeorgeLRotramelandJerryEPrine
ABSTRACT

ThewesterntreeholemosquitoAedessierrensisLud
lowisnotreadilyattractedtoAmericanmodellighttrap
ortheCDCportablelighttrapbaitedwithCODevelop
mentandapplicationofanartificialovipositiontrapto
attractovipositionfemalesofAedesaegyptiasamethodto
evaluateadultfemaleactivitybythepresenceofeggsofthis
speciessuggestedthatthistechniquemightbeusefulto
measureAsierrensisactivity

Theovitrapconsistsofawidemouthpintjarpainted
blackfilledwith200mlofwaterwithafiberboardpaddle
insertedinaverticalpositionagainstthesideofthejarthat
servesasasubstrateforovipositionThejarisattachedtoa
lowerlimbortreetrunkaboutfivefeetfromtheground

In1970and197125oftheseovitrapswereplacedin

1CaliforniaStateDepartmentofPublicHealth BureauofVector

ControlandSolidWasteManagement2151BerkeleyWayBerkeley
California94704

2LakeCountyMosquitoAbatementDistrict410 Esplanade
LakeportCalifornia95453

twowoodedareasnearNavatoMarinCountyCalifornia
andLafayetteContraCostaCountyCaliforniafromMay
throughSeptemberResultsofthestudyindicatedthatA
sierrensisfemalesenteredthejarsandovipositedonthefib
erboardpaddlesTheovitrapswerefirstpositiveforeggsdur
ingthefirstandsecondweeksofMayrespectivelyIn1970
thehighestnumberofeggsrecoveredfromasingletrapfor
aweekwas495thelastweekofMayThegreatestnumber
in1971forasingletrap460occurredthefirstweekin
JuneIntermsofpercentovitrapspositivetwopeaksofac
tivityoccurredthefirstweekofJuneandthesecondweek
ofJulyin1970In1971thefirstpeakofovipositionactiv
itywasinthethirdweekofMayandthelastweekinJune
followedbyathirddelayedincreasethesecondweekof
September

Thisstudysuggeststhattheuseofartificialovitrapsto
measurefemaleAsierrensisactivitywouldbepracticalin
organizedmosquitocontrolprogramstoevaluateeffective
nessofchemicalandphysicalcontrolmeasures



RESIDUALACTIVITYOFVARIOUSINSECTICIDESINTREEHOLES

MelvinOldham ErnestELuskandDonJWomeldorf

TreeholemosquitoesAedessierrensishavebeenandwill
continuetobeamajorseasonalproblemformanyMADs
overagoodpartofCaliforniaEachlocalitywillvarysome
whatintreespeciesandterrainbutthebasicproblemre
mainsthesame findingandtreatingthetreeswhich
havecavitiesholdingwaterandproducingmosquitoes

MuchoftheterritoryinShastaandTehamacounties
consistsofrollinghillscoveredwithnativedeciduousoaks
generallyQuercusdouglasiiwithoccasionalpatchesoflive
oakQuercuswizlizeniiOverthepast50to100yearsthese
treeshavebeenharvestedforwoodfueltouseinsteam

boatsontheSacramentoRiverandforcookingandheat
inginhomesThishasresultedinthedevelopmentofmore
AsierrensissourcesthanwouldnaturallyoccurThecur
rentstandsofthesetreesareatleastsecondorthird

growthsproutingfromthecutofftrunksandstumpsof
thepreviousstandsEachstumpprovidesapotentialtree
holeuntilitrotsawayenoughtobeselfdrainingorheals
completelyoverMorerecentlyurbanexpansionhasmoved
residentialareasadjacenttoandintothewoodedareasand
subsequentaestheticpruningofthetreeshasproduced
moreproblems

Someofthemorefavorablylocatedholesarefilledwith
thefirstrainsinlateOctoberandNovemberandnearlyall
thatwillholdwaterarefilledbyJanuaryBarringanexcep
tionallydryperiodmostthatbecomefilledbyJanuarywill
holdwaterfortherestofwinterandintospring

Firststagelarvaecanbefoundinthefallshortlyafter
fillingandiftheholeremainswetthesewillrapidlygrow
tofourthinstarandremainsothroughwinterPupaeappear
aboutFebruaryandfromFebruarythroughMarchwiththe
changingwaterlevelsfromspringrainsfirstinstarthrough
pupaecanoftenbefoundinthesametreehole

TheadultflightofAsierrensisoccursinShastaandTe
hamacountiesduringlateMarchandAprilusuallylasting
fourtosixweeksLaterainswillextendthetimebyrefill
ingtheholesandearlydryweatherconsiderablyreduces
theproblem

Anumberofcontrolmethodshavebeentriedinother
districtsincludingfillingwithsandconcretedirtandin
secticideapplicationsThefillingmethodhasbeenfoundto
betimeconsumingexpensiveandofquestionableeffective
nessbecausetheholescontinuetodecayaroundandunder
thefillingresultingintheresumptionofbreedinginashort
timeMosteffortthereforehasbeenintreatmentwithin
secticidesBrannan1964Bothwettablepowderandemul
sifiableDDThavebeenusedinKernAlamedaandButte
districtsButteMADreportedaminimumofthreeyears

1TehamaMosquitoAbatementDistrict429AshStreet Red
BluffCalifornia96080

2CaliforniaStateDepartmentofPublicHealthBureauof Vector

ControlandSolidWasteManagement2135AkardAvenueRed
dingCalifornia96001

3CaliforniaStateDepartmentofPublicHealthBureauofVector
ControlandSolidWasteManagementOfficeBuildingNo9744
PStreetSacramentoCalifornia95814
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controlusingDDTwithnoreinfestationaftereightyears
insomeoliveorchardsPortmanandHall1961The
ContraCostaMADhasalsousedphenothiazinesuccessfully
asaresiduallarvicideforAsierrensisBrawley1970

Duringthewinterof196667intheTehamaCounty
MADthefirstattemptsatAsierrensiscontrolweremade
inafewselectedlocationsneararesidentialareaanda
schoolinRedBluffbyfillingwithdirtallholesthatcould
befoundTherewasanoteddecreaseinthenumbersof
adultsintheimmediateareaduringthefollowingemergence
periodsoitwasdecidedtoexpandthecontrolareaThe
nextwinteradditionalareasweretreatedbyfillingbutit
wasobservedthatsomeofthepreviouslyfilledholeshad
settledwashedoutorhadbeendugoutbysquirrelsand
wereagainproducingmosquitoessothetreatmentwas
switchedtoinsecticide

EmulsifiabledieldrinoraDDTtoxaphenecombination
usedstraightorcut50withdieseloilwasappliedbyone
quartplastictriggerspraybottlesinadditionalareastreated
Theamountappliedwasdeterminedbytheoperatorsesti
mateofthevolumeofwaterandvariedfromonetoseveral
squirtsofthetriggerspraypertreeAlthoughverytime
consumingtosearchthewoodedareasfortreeholesthe
effortsinmostcasesseemedworthwhileTodateapproxi
mately1200to1500acresinthevicinityofRedBluffhave
receivedthistreatment

InMarch1970theauthorsdecidedtotestthelongevity
ofsomeinsecticidesotherthanchlorinatedhydrocarbonsas
residuallarvicidesforcontrolofAsierrensisThefourfor
mulationsselectedwerethoseavailableintheinsecticidein
ventoryoftheTehamaMAD Dursban4Efenthion
MADspecialmosquitocideABATE4EandBaygon
70WP

TentreesQdouglasiiwithholesinfestedwithlarvae
ofAsierrensiswereselectedforeachofthechemicalsThe

fortytreesthuschosenweremarkedwithredpaintforeasy
relocation

Thevolumeofwaterineachholewasmeasuredbysi
phoningthecontentsintoathreelitergraduatedplastic
pitcherForthoseholeswithvolumesgreaterthanthree
litersafivegallonplasticlinedwatercanwasusedasa
reservoirintowhichthepitcherwasemptiedVolumesrang
edfrom200mlto20225mlAftereachmeasurementthe
waterwasimmediatelyreturnedtotheholeandthecalcu
latedamountofinsecticidenecessarytoachieveacon
centrationof1000ppmwasaddedandthoroughlymixed
bystirringTreatmentdateswere Abate March16
1970Dursban March171970fenthion March23
1970andBaygon March271970

ApproximatelyninemonthslateronDecember91970
allthetreatedtreeholesandaseriesofchecktreesineach
plotwereexaminedforthepresenceofAsierrensislarvae
Nolarvaewerefoundinanyofthetreatedholeswhilethe
checktreescontainedlarvaeuptothethirdinstar

Twotreeholesfromeachofthefourinsecticidetreat
mentplotswereselectedforbioassayteststodeterminethe
levelofresidualactivityApproximately100mlofwater
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Fig1Residualactivityofvariousinsecticidesintreeholes
werewithdrawnfromeachofthetwotreesselectedineach
plotThiswaterwasplacedinNo143Dixiecupswithcaps
andreturnedtotheTeharnaMADlaboratorywhereaseries
oftenfoldserialdilutionswerepreparedfromeachsample
withagedtapwaterTheresultingdilutionswerethen110
110011000and110000oftheconcentrationremain
inginthetreeholeSimilardilutionswerealsoprepared
froma100mlsampleofwatertakenfromanuntreated
treeholeTenprecountedfourthinstarlarvaefromthe
Culexpipiensquinquifasciatuscolonymaintainedinthe

9months 13months 21months
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TreeNoD61600ml

TeeNoF62300m

TeeNoA9700m

TeeNoB97300m1

i

SacramentoofficeoftheBureauofVectorControl Solid

WasteManagementwereintroducedintoeachcupbypour
ingthemontoanylonnetsquareandquicklyrinsingthem
intothetestsampleAseparatenylonsquarewasusedfor
eachcup

Mortalitywasevaluatedat24hoursFigure1showsthe
resultsofthistestandtwosubsequentbioassaysat13
monthsand21monthsaftertreatment

Dursbanwasthemosteffectivematerialgivinginonetree
tested100percentmortalitytotheCpquinquifasciatus

Table1Concentrationsofinsecticideintreeholewaterasdeterminedbybioassay121271TehamaCountyMosquito
tementDistrictAmountsadjustedfordilutionfactorinparenthesisbehindamountmeasuredindilutedsample

Percent
Mortality



larvaeafter21monthsataonehundredfolddilutionofthe

concentrationremaininginthetreeholeAtestinasecond
treeproduced100percentmortalityattenfolddilutions
and77percentinonehundredfolddilutions21months
afterapplicationTwentyonemonthsaftertreatmentAbate
andfenthionbothgave100percentmortalityinthe
undilutedconcentrationsinonetestand86percentand
50percentrespectivelyinasecondtestBaygonproduced
100percentmortalityinthebioassaysattheundilutedcon
centrationafter13monthsbutfailedtokillanyoftheCp
quinquefasciatuslarvaeafter21months

Atimeknockdownbioassaytodeterminetheactualcon
centrationofDursbanAbateandfenthioninthewater

inthetesttreeholesafter21monthswasperformedbyDon
WomeldorfusingthemethoddescribedbyGilliesWomel
dorfandWalsh1968Knownconcentrationsoffenthion
andDursbanwererunforcomparisonAbateconcentra
tionswereestimatedagainsttheDursbanknownssincethe
twomaterialsactsimilarlyResultsofthistestareshown
inTable1

Limitedreinfestationoftreatedtreesafter21monthshas

occurredintheAbateBaygonandfenthionplotsbut
notintheDursbantreatedtreesAsofJanuary271972
therehadbeeninsufficientprecipitationintheareato
floodallthetestholes Thepercentageofholescurrently

Seasonalpatternsofautogenywereobservedinpopula
tionsofCulextarsalisinButteandGlenncountiesCali
forniafromthefallof1969throughthatof1971Auto

Thisresearch wassupportedinpartbyResearchGrantAI
03028fromtheNationalInstituteofAllergyandInfectiousDis
easesandGeneralResearchSupportGrantIS01FR05441from
theNationalInstitutesofHealthUSDepartmentofHealth
EducationandWelfare

ABSTRACT

floodedwhichwerefoundpositiveforAsierrensiswas
Abate10 Baygon50 fenthion3313 Thefinal

reinfestationpercentageswillprobablybesomewhatlower

Atthispointourresultsindicatethatofthefourmater
ialstestedDursbanistheonlyoneofferingthepotentialof
longlastingresidualactivityDDThasrecentlybeenauthor
izedforuseasaninsecticidefortreeholemosquitoesata
ratenottoexceedtwogramsofactualDDTpertreehole
WeplantocontinuetheobservationsandwilladdDDT
phenothiazineandpossiblysodiumchloridetotheseriesof
materialstested
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genyratesweredeterminedinfemalesthatemergedfrom
pupaecollectedfrombreedingsitesandinoverwintering
femalescollectedasadultsfromshelters

Autogenyratesfrompupalcollectionsfollowedsimilar
trendsin1970and1971Meanautogenyratesincreased
fromlessthan20inMarchandApriltomorethan85
inAugustandthendecreasedtolessthan20inOctober
andNovemberLessthen1ofmorethan1300overwinter
ingfemalesshowedevidenceofautogenyafterbeingheldin
thelaboratoryfortendaysaftercollection



NIGHTLYPATTERNSOFBITINGACTIVITYANDPAROUSRATESOFSOME

CALIFORNIAMOSQUITOSPECIES

RobertLNelsonandRichardDSpadoni

UniversityofCalifornia
ArbovirusFieldStation35cNimshewStageChicoCalifornia95926

Seasonalpatternsofmosquitoinfectionwitharboviruses
areroutinelydeterminedbythesystematiccollectionand
testingofmosquitoesforthesevirusesHoweveritalsois
importanttoknowwhenina24hourdaythemosquitoes
aremostlikelytoacquireandtransmitthesevirusesAl
thoughmuchisknownaboutthefeedingbehaviorofvarious
speciesdetailedinformationonpatternsofbitingactivity
isunavailableformanyspeciesMoreoverexceptinvery
fewcasesitisnotknowniftherearesignificantdifferences
inparousratesinfemalesthatbiteatdifferenttimesofthe
dayornightPresumablyvirustransmissionislimitedalmost
exclusivelytotimeswhenparousfemalesarebiting

Thepresentstudiesweremadetoestablishthepatterns
ofbitingactivityofseveralmosquitospeciesandtodeter
mineparousratesinbitingfemalescollectedindifferent
periodsofthenightItwasfeltthattheinformationobtain
edsofarmightbeofinterestalthoughmoredataareneed
edinmanycases

MATERIALSANDMETHODSAllobservationsweremade
ontheLlanoSecoRanchabouttenmilessouthwestofChi

coandthreemileseastoftheSacramentoRiverAcollect

ingstationwasestablishedinagrassyclearingwithinama
turestandofvalleyoakQuercuslobataBitingcollections
alwaysweremadeinthesamewayandbythesameperson
RDSBeginningatthehourof1700or1730Pacific
StandardTimeandcontinuinguntil0700attractedmos
quitoeswerecollectedbyaspiratorwiththeaidofaflash
lightwiththelenscoveredwithredcellophaneThecollec
torwasseatedwithhislegsexposedfromtheanklestojust
abovethekneesbutmosquitoeswerecollectedasthey
landedonanyclothedorunclothedpartofthebodyMos
quitoestakenineachhhourperiodwereheldinseparate
onepintcartonsuntillateridentifiedanddissectedinthe
laboratory

Dependingonavailabilityupto50femalesofeachspec
iesfromeachhhourperiodweredissectedTheirovaries
weremountedonmicroscopeslidesandthemosquitoeswere
classifiedasparousornulliparousbytheconditionoftheir
ovariantracheationDetiriova1962

Temperaturesatthecollectingstationwererecordedat
thestartandendofeachhhourperiodAlsonoteswere
madeonthemovementsofmosquitoesfromandintoa
walkinredboxThisboxwassixfeettallsixfeetdeep
andfourfeetwideandwasopenatoneendItwaspainted
redinsideandoutandwaspermanentlylocatedabout50
yardsfromwherebitingcollectionsweremadeTomeasure
therelativeabundanceofCulexandAnophelesmosquitoes

1Thisresearch wassupportedinpartbyResearchGrantAI
03028fromtheNationalIrstituteofAllergyandInfectiousDis
easesandGeneralResearchSupportGrantIS01FR05441from
theNationalInstitutesofHealthUSDepartmentofHealthEdu
cationandWelfare
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allrestingmosquitoeswereaspiratedfromtheboxupon
completionofeachallnightseriesofbitingcollections

RESULTSANDDISCUSSIONHourlybitingcollectionson
anightinJuly1971areshowninTable1Althoughcollec
tionswerenotparticularlylargeavarietyofspecieswere
encounteredandtherewasauniformityofoccurrenceof
peaksofactivitynearsunsetWithsomespeciesasecond
peakofactivityoccurrednearsunriseSunsetoccurredat
1935andsunriseat0455

Figure1showsallnightbitingcollectionsofAnopheles
freeborniAitkenonfournightsThisspecieshadstrong
peaksofactivitynearsunsetandagainnearsunriseand
morningpeaksoccurredattemperaturesaslowas51F
BaileyandBaerg1967reportedathresholdofabout50
Fforstrongflightbythismosquito

Thetimingofpeakscorrelatedcloselywiththetimesof
movementofAfreebornifromandintotheredboxFor
examplewhenobservationsbeganon22Augustmany
malesandfemaleswererestingintheboxMovementof
mosquitoesfromtheboxwasfirstnotedabout25minutes
beforesunsetByfiveminutesaftersunsetthenumberin
theboxwasnoticeablyreducedandtenminuteslateronly
afewbloodengorgedfemalesremainedsomeofwhichre
mainedintheboxallnightMovementbackintothebox
didnotoccuruntilabout35minutesbeforesunriseGreat

estmovementintotheboxwasfrom30minutesbefore

until20minutesaftersunriseButmosquitoeswerestill
enteringtheboxwhenobservationsceasednearly90min
utesaftersunrise

ThedescribedpatternofmovementappliestoCulextar
salisCoquillettaswellastoAfreeborniandisessentially
thesameasrecordedforthesetwospeciesinFresnoCounty
wheretheirpresenceorabsenceinashelterwasrecordedby
timephasephotographyGjullinetal1963Bitingcollec
tionsofCtarsalisonthenightof2223Augustareshown
inFigure4

InanumberofstudiesCorbet19611962Hamonet
al1964Coz1964bitingpatternsofparousandnulli
parousfemaleshavebeenplottedseparatelyandhavebeen
foundtoberemarkablysimilarCircumstancesdidnotper
mitallfemalescollectedinthepresentstudiestobeclassi
fiedasparousornulliparousbutthedataobtainedsuggest
thatparousandnulliparousfemaleshadsimilarbitingpat
terns

Eachnightwasdividedintoequalthirdsforcomparison
ofparousratesandratesandnumbersoffemalesclassified
areshowninFigure1Oneachofthefirstthreenightsin
Figure1theparousratewaslowerinthemiddleperiod
thaninthefirstorlastperiodOnthefirstandsecond
nightsthedifferencesbetweenthefirstandsecondperiods
weresignificantalsoatthe5levelTherewasnosignifi
cantdifferencebetweenthefirstandlastperiodofany
nightThispatterncannotbereadilyexplainedandpoints



90

60

30

90

60

30

150

120

90

60

30

60

30

1000 1200 2000 1100 2200 2300 2400 0100 0200 0300 0400 0300 01100

1 1 1

95

1 1 T

400
1819JULY1971

1

522

138

1 1

567

104

1 11 1

I

328 379

203

1
21

101
1516AUG1971

201

SI

S
581 i
172

PACIFICSTANDARDTIME

417
2223AUG1970

60

516

157

1200 1200 2000 2100

PAROUS

2N0CLASSIFIED

5SUNSET

NSUNRISE

5200 2200

tothefactthatlittleisknownaboutthebehaviorofmos

quitoesduringthenightwhenbitingactivityisreducedIt
mayberecalledthatmosquitoesdidnotentertheredbox
betweentheeveningandmorningpeaksofactivity

Nearlyallfemalesclassifiedfromthenightof2324
SeptemberwereparousThiscouldnotbeattributedtoa
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collectedfromtheredboxweremalesApparentlynewly
emergedfemaleswerenotseekingbloodmealsbutwere
preparingtooverwinterThefindingsofMcKennaandWa

2400 0100 0200

PACIFICSTANDARDTIME

0200 0400 0500 0200

73

Fig1AllnightbitingcollectionsandparousratesofAnophelesfreeborniLlanoSecostudyareaButteCountyCali
fornia197071

shino1970intheSacramentoValleyindicatethatnearly
alloverwinteringAfreeborniarenulliparous

Figure2showspatternsofbitingactivityforAedes
vexansMeigenoneofthemostfrequentlycollectedspec
ciesAvexansweretakenalmostexclusivelyintheearly
eveningandtherewasslightevidenceofsecondaryactivity
nearsunriseThismayhavebeenduetoprohibitivetem
peraturessincemorningpeaksofflightactivityhavebeen
observedforthisspeciesKnightandHenderson1967
AccordingtostudiesinNewJerseyBast1961flightof
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Avexansissharplyreducedwhentemperaturesfallbelow
64FReadingsbelow64Fprevailedthroughoutthelast
halfofeverynightinFigure2exceptonthatof1819July
whenalowof67FoccurrednearsunriseBecauseofthe
limitedactivityfollowingtheeveningpeaksmeaningful
comparisonsofparousratesindifferentperiodscouldnot
bemade

CollectionsofAedesinelanimonDyarwerelargeenough
tobegraphedononlytwooccasionsFigure3AswithA
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vexanspeaksoccurredshortlyaftersunsetTherewasa
smallpeakshortlybeforesunriseonthemorningof24
Septemberalthoughthelowesttemperatureofthenight
61FoccurredatthattimeAmorningpeakofbitingac
tivityhasalsobeenreportedforAmelanimoninCalifornia
byMiuraandReed1969

Onthenightof2324Septembertheparousrateinthe
lastperiodofthenightwashigherthaninthefirstperiod
atthe1significancelevel



cc
W
fD

2

30

90

60

30

45

30

15

PACIFICSTANDARDTIME

1100 1900 2000 2100 2200 2300 2400

89

56

536

248

111 1 1 1 1 1

721

2324SEPT1970
43

754

57

1100 1100 2000

20005

N0CL101FlE0

3SUNSET

103101

Fig3AllnightbitingcollectionsandparousratesofAedes
1970

Theallnightcollectionsshowedaneveningflurryofbit
ingactivitybyCtarsalisFigure4OtherstudiesBellamy
andReeves1952Baileyetal1965indicatethatCtar
salismayalsohaveamorningpeakofactivityBeadle
1959madeallnightbitingcollectionsofCtarsalisand
foundthatbitingoccurredthroughoutthenightbutwas
greatestshortlyaftersunsetHecollectedlargenumbersin
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melanimonLlanoSecostudyareaButteCountyCalifornia

reportedthatbitingactivityintheSacramentoValleywas
suppressedattemperaturesbelow65F

Onthenightof1516Augusttheparousrateinthefirst
periodofthenightwashigherthaninthethirdperiodat
the65significancelevel

OurcollectionsofCtarsalisweredisappointinglysmall
perhapsbecauseoflowtemperaturesHoweverdespiteread
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ingsaslowas51FmanyCtarsalismovedintothered
boxnearsunrisealthoughlittlebitingoccurredThedatain
Table2indicatethatCtarsalisarelessanthropophilicthan
areAfreeborni

CONCLUSIONSDataobtainedonAfreeborniAvex
ansAmelanimonandCtarsalisshowthatallofthespe
cieshavepeaksofbitingactivitynearsunsetandthatA
freebornialsobitesactivelynearsunriseDatafromother
studiesindicatethatthetwoAedesspeciesandCtarsalisal
sohavemorningpeaksunderpermissiveconditions

Thispredictabletypeofactivitydiffersfromthatoften
exhibitedindaylighthoursbythetwoAedesspeciesThe
rhythmicalactivitynearsunsetandsunriseprobablyisin
fluencedbothbyaninternalrhythmandbyexternalenvi
ronmentalchangesThedaytimeactivitymaybeinfluenced
largelybyinvasionordisturbanceofthemosquitoesimme
diatehabitatbyasuitablehost

Therewasnoevidenceforanyspeciesthatbitingby
eitherparousornulliparousfemaleswasconcentratedin
anyparticulartimeperiodLimiteddatadidsuggesthow
everthatparousAfreebornicomprisedasmallerportion
ofthebitingpopulationinthemiddlethirdthaninthe
firstorlastthirdofthenight

MOSQUITOCONTROLCRISISINTHECENTRALVALLEY
WHEREDOWEGOFROMHERE

CharlesHSchaefer

UniversityofCalifornia
MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

Duringthepastfiveyearsmostofmyresearchefforts
havebeenonthepasturemosquitoproblemintheCentral
ValleyInthefollowingremarkswhichIbaselargelyon
thatexperienceIrealizemanyofmysuggestionsarethings
thatsomemosquitoabatementdistrictsarealreadydoing
andinsomecasesarewellestablishedpartsoftheirpro
gramsIalsorealizeitisdifficulttogeneralizeaboutthe
overallproblembecauseitdiffersinvariouspartsofthe
StateNeverthelessbecauseofthecurrentmosquitocon
trolcrisisintheCentralValleyandtheseverereductionsin
moneyavailableforseekingsolutionstothisproblemwe
mustconsiderthepresentsituationintermsoftheresources
andcurrentknowledgeavailabletoplanforthe1972and
1973mosquitocontrolseasonsIwillmakenoattemptto
coverallofthenumerousmosquitocontrolproblemsof
theCentralValleybutIwilllimitmycommentstothe
controlcrisisinvolvinginsecticideresistanceinAedesnigro
maculisandCulextarsalispopulations

INTRODUCTIONANDBACKGROUNDINFORMATION

Duetoitscomplexagriculturalenterprisesandextensive
lowareassurroundedbymountainstheCentralValleybe
cameanidealmosquitobreedingbasinInspiteofthisin
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habitantsherehavereceivedtheworldsbestmosquitocon
trolUnfortunatelyitappearsthedegreeofmosquitocon
trolhasbeentoogoodThefrequentsuccessiveapplica
tionsofinsecticidesyearafteryearhaveledtointensive
insecticideresistanceintwoofthemostimportantmos
quitospeciesNownopromisingnewinsecticidesareappar
entforuseinthenextseveralyearsShouldtheMADsnow
beblamedforthisresultNoonlythenaivewillmakesuch
aclaimbecausetherearecomplexreasonswhichexplain
theoriginofthecurrentsituationWhatarethefactors
thatledtosuchheavyemphasisbeingplacedonchemical
controlThereareseveralandtheyareinterrelatedThe
complexityoftheseinterrelationshipsmustbeunderstood
ifwearetoproperlyassesstheproblemanddecideonfu
turecoursesofaction

ManyoftheMADsoftheCentralValleybeganexten
siveoperationsattheendofWorldWarIIAtthistimea
newmiraculouschemicalDDTwasavailableandalsoair
craftapplicationsoonprovedtobeaneffectivemeansof
treatinglargeacreagesofmosquitobreedingareas

LongterminhabitantsoftheCentralValleywereelated
overtheresultantdramaticrelieffrommosquitoharass
mentwhilenewcomersundoubtedlydidnotevenrealize
theValleyoncehadamassivemosquitoproblemBy1949



Smith1949DDTresistancehadbeendocumentedin
KernCountybutprominentexpertswereconvincedthat
beforeresistancecouldbecomesointensiveastogreatlyre
ducetheeffectivenessofoperationalsprayprogramstech
nologywoulddevelopnewchemicalagentsasreplacements
Unfortunatelyin1952whenasevereepidemicofWestern
EquineEncephalitisstruckandthechlorinatedhydrocar
boninsecticideswerealmostuselessreplacementchemicals
werenotyetavailableAttemptstosuppressCtarsalispop
ulationsbygroundapplicationsofoilswerefutilebecause
ofthemagnitudeofthebreedingareasThustheepidemic
couldnotbecontainedButlaterin1952MADsobtained
thefirstofthecommercialorganophosphorusinsecticides
anditappearedthateventhoughtherehadbeenanunfor
tunategapbetweentheavailabilityofusefulchemicalcon
trolagentstechnologyhadsucceededThustheregular
sprayprogramscontinuedsuccessfullyinthesameeffective
wayastheyhadinthepastAtthesametimewhenMADs
wereestablishingtheiroperationalsprayprogramstheyal
sodevelopedprogramsforreducingmosquitobreeding
sourcesegconstructionofdrainageditchesandsumpsto
thelimitofavailablemanpowerandequipmentUnfortu
natelythisprogramisexpensiveintheshorttermconsider
ationandthereforehasneverbeenfullyimplemented

Anothereconomicfactorofconsiderablerelevanceto

thisproblemisthatthechemicalinsecticidesMADsbecame
accustomedtousingwerenotonlyeffectiveandsafebut
alsowererelativelyinexpensiveThereasonforthelowex
pensefactorwastherewerenoexclusivepatentsonsome
compoundsandcostsfortheirregistrationwererelatively
lowTheabsenceofexclusivepatentsonsomeofthemost
effectivecompoundsegparathionresultedfromtheirdis
coveryinGermanyduringWorldWar11andtheirrelease
freeofpatentsbythevictoriousAlliedNationsafterthe
collapseoftheThirdReichThisledtocommercialventures
tomanufactureandmarketthecompoundsatverycom
petitiveprices

Excellentmosquitocontrolhasconditionedpeopletoa
lifefreeofmosquitoproblemsandtheexpectationthatthe
sameshouldcontinueThissituationissimilartothatofthe

housewifewhohasexperiencedaneraofinsectfreeproduce
andwilltoleratenochangeLandownerswhoseagricultural
practicesproducemosquitoeshavebecomeaccustomedto
MADstakingcareofmosquitoproblemsregardlessofthe
breedingsourcesorthefrequencywithwhichtheproblem
recursTheappearanceoforganophosphorusresistancewas
documentedin1958LewallenandNicholson1959Since
thenMADshaveexperiencedagraduallossinusefulness
fromawholespectrumoforganophosphoruslarvicidesso
thatpresentlytherearemanyareaswheremosquitolarvae
cannolongerbecontrolledThereisstillageneraldisbelief
onthepartofmanymosquitoproducersandevensome
MADtrusteesthattheresistanceproblemhasreacheda
criticalstage

SeveralyearsagoattherequestoftheCMCAResearch
Committeeourlaboratoryinvestigatedwhyinsecticide
resistancealwaysseemstostartinalkalinepastureareas
Theconclusionsofthatstudywerepresentedatthe1968
AnnualConferenceSchaeferandDupras1968andwere
asfollowsWaterqualityofSanJoaquinValleyalkaline
pasturesdoesnothaveanypracticaleffectontheperform
anceoforganophosphoruslarvicidesHoweveritisapparent
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thereisasignificantrelationshipbetweenirrigatedpastures
andcontroldifficultiesThepasturesinquestionareon
soilswhichhavepoordrainagetheselandsareverydiffi
culttofarmandthereforeareusuallymaintainedasirri
gatedpasturesratherthanbeingrotatedtohigherreturn
cropssuchasoccursinotherareasThemaintenanceof
irrigatedpasturesinanareacreatesaperennialmosquito
problemandtheneedforchemicaltreatmentsThisre
petitivechemicalpressureslowlyeliminatesthosemembers
ofthepopulationthataresusceptibletotheinsecticide
usedandthereisaslowbutsteadyincreaseinindividuals
thatareresistantEventuallyahighlyresistantpopulation
isformedInsecticideresistancefirstappearsinthesemar
ginalfarmingareasbecauseitisherethatmorechemical
treatmentsaremadeandthereforetheselectionprocess
takesplacefasterthaninotherareasOfcoursetheresis
tantpopulationsspreadandgraduallyasignificantcontrol
problemresults

Theeconomicsofpesticidedevelopmenthavechanged
greatlynotonlybecauseoftheriskofinsecticideresistance

butalsoduetothegreatlyincreasedregistrationcosts
Duringthepastfiveyearsourlaboratoryhasevaluatednum
erouscandidateinsecticidesaspotentialmosquitocontrol
agentsOnlyoneoftheseChevronRE11775acarbamate
showedrealpromisefortheoperationalcontrolofourhigh
lyresistantstrainsofAnigromaculisandCtarsalisSchae
ferandWilder1970UnfortunatelyChevronChemical
Companycannotjustifydevelopmentofthiscompoundon
thebasisofthepresentmosquitocontrolmarketandno
meansappeartobeavailableforCaliforniatosubsidizethe
developmentofthecompoundsothatitcouldbeuseddur
inganepidemicInadditionduringthepasttwoyears
chemicalcompanieshavealmoststoppedsubmittingnewor
ganophosphorusandcarbamatecompoundsfortestingas
mosquitocontrolagentsNonewcompoundsarepresently
undercommercialdevelopmentthatwouldbeeffectivein
controllingourhighlyresistantstrainsThismeansMADs
cannotexpecttohaveanynewlarvicidesavailableforamin
imumofseveralyearsTheonlyrecourseavailableisforus
tochangeourapproachtomosquitocontrol

DuringthepastyearMADsandsupportingpublicagen
cieshavesincerelytriedtoexplainthemosquitocontrol
problemtothepublicandtothosewhoarelargelyrespon
sibleforproducingthemosquitoesIamsurethisprogram
hasdonesomegoodbutIamalsoconvincedthathardcore
abusersofwaterandlandmanagementhavenotbeenim
pressedandmighthaveevenbecomemilitantinthedefense
oftheirpracticesTodocumentthesestatementsIwould
liketoshareseveralpersonalexperiences1Duringthe
summerof1971Ispentseveralhoursdiscussingthemos
quitocontrolcrisiswithamanwhoownsandmanagesnum
eroussectionsoflandinTulareandKingsCountiesHis
holdingsincludelargeacreagesofirrigatedpasturemanyof
whichcausedifficultmosquitoproblemsIexplainedto
himitwasmyresponsibilitytoconductresearchtofind
newerandbettertechniqueswhichMADsandlandowners
coulduseinordertoreducethemosquitoproblemand
inadditiontotestingnewinsecticidesourlaboratorywas
workingonwaystoimprovewaterpenetrationthroughthe
useofsoilandwateramendmentsIthenaskedthismanto

tellmewhatapproachhewouldtakeifhehadmyjobin
ordertofindapracticalsolutiontothepasturemosquito
problemHisanswercameafteralongpauseandwasrather
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revealingHesaidthatuntilmorecarefulirrigationpractices
couldbeimplementednothingcouldreallychangeAlso
whilehewouldbewillingtocooperateonexperimental
plotshecouldnotaffordtochangethegeneralmanage
mentofhispropertiesbecausethemarginforprofitwas
toolowandthusthefinancialrisktoohighforhimtosub
stantiallyincreasetheeffortnecessaryforbettercontrolof
waterandlandHefelthewouldeventuallybeforcedto
makesuchchangesbutuntilthattimethegeneralpractices
incurrentusewouldcontinue2GenerallyIhavefound
whenoneexplainsthemosquitoproblemtolandowners
theyareverysympatheticandwillgooutoftheirwayto
cooperateinconductingexperimentsHoweveronemorn
ingwhenIapproachedthesuperintendentofalargeprop
ertywhichisnotoriousforproducingmosquitoesaninter
estingexperienceoccurredIexplainedtohimthatIwould
liketomakeexperimentalapplicationsofsomenewchem
icalsonpartsofan80acrefieldwhichwascurrentlybeing
irrigatedandcontainedlargenumbersofmosquitolarvaeI
askedifitwouldbepossibletomoveabout100headofcat
tlefromthefieldbeingirrigatedintoanadjacentdryone
Herefusedstatingthatmosquitoeswillbeproducedno
matterwhatyoudoandalthesestoriesontheradioabout
mosquitoproblemswereJustattemptsofthegovernment
toharassthemanwhohadtopaythetaxesIthenasked
himifherealizedthatwhencattlewereleftinfieldsthat

wereunderirrigationortillwetnotonlydidsoilcom
pactionoccurbutthenumeroushoofprintsdestroyedthe
levelofthefieldandformedpocketswhichenhancedmos
quitobreedingconditionsHeansweredthatitdidnotmat
teratallwhethercattlewereonlandsthatwerebeingirri
gatedmosquitobreedingwasnoworsewhenlandwasun
levelandcontrollingmosquitoeswasaproblemofthelocal
MADandnotofthelandownerIthenexplainedthatthe
HealthCodedidhaveprovisionsthroughwhichtheMAD
couldforcehimtoimproveconditionsbutthiswasregard
edasalastresortandallofusinvolvedinmosquitocon
torlweretryingtosolvetheprobleminacooperativeway
thatwouldallowforimprovementinlandproductivityas
wellaspublichealthconditionsHerepliedthathislands
didnotneedimprovingandnobodywasgoingtoforceany
thingonhimThesetwoexamplesarebasedonactualex
periencesandanattempthasbeenmadetodescribethem
truthfullyTheyareindictiveoftheattitudeofthosewho
Irefertoashardcoreabusersofwaterandlandmanage
ment

DuringthepastyeartheBureauofVectorControlhas
hiredseveralengineersforthepurposeofconsultingwith
MADsonspecificmosquitoproblemsandmakingspecific
recommendationstolandownersManypersonnelarealso
availablefromtheUCAgriculturalExtensionServicewho
canhelpinthisendeavorThebiggestlimitationofthisap
proachisthefactthatfarmersthemselvesareexpertsat
landpreparationandwatermanagementNoonehastoad
viseagrowerthatwhenwaterstandsforlongperiodsof
timeonthelowendofhicottonfieldthereisariskthe
plantswillbestuntedordrownedoutAslongasthereis
aneconomicincentivemanagementoflandandwateris
generallygoodandmosquitocontrolproblemsareminimal

Duringthesummerof1971manyofuswentonaspe
cialfieldtriptoanareaapproximately20mileswestof
DelanoformerlycalledSmithspasturesThisareahasover
12000acresofpasturesandhasbeenwellknowntomany

ofusasaplacewherewecouldfindextremelyhighmos
quitopopulationsatanytimeduringthesummerfieldsea
sonHoweverduringthetwopastyearsaprivatecompany
hastakenoverthemanagementoftheselandsfortheown
erInanattempttoincreaseprofitslandshavebeenre
workedandleveledagreatdealofattentionhasbeengiven
totheirrigationpracticesapatternoflivestockrotation
hasbeenestablishedandsomelandshavebeenseededwith
variousmixturesofplantsinordertoimproveyieldsWhile
somemosquitoproductionstilloccursinthisareaandsome
chemicaltreatmentsarestillmadethereductioninmos
quitoproductionhasbeenphenomenalInfactfewmos
quitoeswereapparentduringourfieldtripwhileinpast
yearsittookanactofdaringforonetostepoutofaclosed
carinthesameareaThisisanexampleoftheextentofim
provementthatcanbeachievedifaneconomicincentive
ispresentItseemsitisnecessaryinthosesituationswhere
nopositiveeconomicincentivecanbemadeapparenttoa
repetitivemosquitoproducerthatanegativeeconomicin
centivebeinstitutedieafinancialpenalty

WITHTHISBACKGROUNDINFORMATIONINMIND
WHEREDOWEGOFROMHERE

ByWEIrefertoallofuswhoaredirectlyinvolvedin
mosquitocontrolactivitiesThisincludesMADpersonnel
andtrusteesandthesupportingresearchandserviceperson
nelofvariousagenciesincludingtheCaliforniaDepartment
ofPublicHealththeUSDAandtheUniversityofCalifor
niaSinceWEareinvolvedintheproblemtogetherwe
shouldeachexamineourparticularresponsibilitiesandcrit
icallyevaluatewhetherornotwearecarryingourpartof
theloadMutualcriticismisinorderbutwemustbecare
fulthatthiscriticismisconstructiveandwedonotsimply
indulgeinagameofblameshiftingIbelievethecurrent
mosquitocontrolcrisisisoneinwhichallofushaveashare
intheblameWeallhaveandcouldgivevalidexplanations
forourpastperformancesbutinsteadletusexaminewhat
wecanandshoulddofromthispointoninordertoimprove
thesituationFirstIwillsummarizethecurrentsituationas
itappearstome

1Duringthepastonequarterofacenturyorganic
insecticideshaveprovidedaninexpensivesafeand
effectivemeansofsuppressingmosquitobreeding

2IthasbecomeexpectedofMADsintheCentral
Valleythattheycleanupanysourceofmosquito
productionnomatterhowextensiveagivensourceis
orhowfrequentlyitrecurs

3ThecurrentinsecticideresistancelevelsinAnigro
nwculispopulationsthroughoutmostoftheCentral
Valleyrepresentaseverecontrolcrisisforthishighly
importantpestspecies

4ThecurrentinsecticideresistancelevelsinCtarsalis

populationsintheSanJoaquinValleyrepresenta
severecontrolcrisisforthisencephalitisvector
Shouldweexperienceanencephalitiscrisisinthenext
severalyearsweprobablywillnotbeabletoprevent
Ctarsalispopulationsfromreachinglevelswhichare
efficientforvirustransmissionandthereforeanepi
demiccouldresultInsecticideresistanceinCtarsalis

isspreadingnorthwardandtheSacramentoValley
willbeconfrontedwithasimilarsituationwithinthe

nextseveralyearsIfweshouldexperienceanenceph



alitisepidemictheFederalGovernmentwillnotbe

abletoeliminateitbysimplysendinginmultiengine
aircrafttodisperseULVapplicationsofmalathiona
disgustingmisbeliefstillheldbymanypeoplewhodo
notunderstandthedegreeofinsecticideresistancein
Ctarsalispopulations

5Atthepresenttimethechemicalindustryisinavoid
periodandmostcompanieshavegivenuptryingto
developneworganophosphorusorcarbamatecom
poundsThereareNOnewchemicalinsecticidesun

dercommercialdevelopmentthatwouldbeopera
tionallyfeasibleforMADsintheCentralValleyto
useinthesametypeofcontrolprogramthathasbeen
ingeneralpracticeThereforeitmaybeseveralyears
beforeanynewsafeandeffectivecompoundsare
available

6Whiletherearesomenewmodesofchemicalaction
thatarebeingexploredinresearchprogramsitwillbe
severalyearsatleastbeforeanyofthesebecomeavail
ableInadditionwecanexpectthesameresistance
problemswithanynewchemicalsthataredeveloped
andwemustfindwaystoreduceinsecticidepressure
onmosquitopopulationsWhilefreshleadsonchem
icalagentsareavailabletheirdevelopmentwillbe
slowbecausetherequirementsforregistrationarebe
comingexceedinglycomplexandexpensiveandthe
effortsofthoseofusinresearcharebeingconstantly
reducedthroughbudgetreductions

7Whilenonchemicalmethodsofmosquitocontrolare
ofgreatimportancechemicalcontrolwillremaina
majorfactorinmosquitosuppressionforexample
itisunlikelythatanyothertoolnowavailablecould
beaseffectiveduringoneoftheseverefloodingsitu
ationsweperiodicallymustdealwith

8ThesourcereductionactivitiesofMADshavebeen
extremelyvaluableprogramsWhiletheseprograms
areexpensivetheyhavelonglastingeffectsandare
highlyworthwhile

9Currentlytherearenobiologicalcontrolmethodsthat
mightbeusedeffectivelyforthecontrolofAnigro
maculisorCtarsalisonirrigatedpasturesorrelated
temporarilyfloodedhabitatsHoweverfuturere
searchmaywellLeadtothedevelopmentoftechniques
whichwillpermiteffectiveuseofpathogenspreda
toryarthropodsandfish

WHATCANBEDONEINTHENEXTSEVERALYEARS
FORMADSTHATARENOWEXPERIENCINGSEVERE
CONTROLPROBLEMS

1REEVALUATIONOFRESEARCHPROGRAMSRe
searchprogramsmustbereevaluatedandeffortsdirectedto
thespeedyexploitationofthemostpromisingleadsInthis
connectionourresearchprogramatFresnohasalreadybeen
considerablyrevisedDuringthenextyearallfiveofour
permanentstaffwillworkthatleadwhichwenowconsider
tobethemostlikelytoyieldapracticalresulttheuseof
compoundsrelatedtonaturalinsectdevelopmentalregula
torsasmosquitocontrolagentsForthisstudywewillsi
multaneouslydeterminetheeffectsofthemostpromising
compoundsontargetandnontargetorganismsanddefine
theirchemicalstabilityApaperdiscussingthisspecificpro
jectwaspresentedearlieratthismeetingThisrepresentsan
importantchangeinourresearchpolicyinthatwewillbe
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placingahighpercentageofoureffortonthesinglemost
promisinglineofinvestigationwhereasbeforewehad
scatteredoureffortsonnumerousprojectsWewillcontinue
totestthefewcandidateinsecticideswhichwereceiveand
obtaindatafromthefieldplotswhichhavebeentreated
withsoilamendmentsinpreviousyearsHoweverthebulk
ofoureffortwillbeconcentratedasdescribedabove

2PUBLICINFORMATIONPROGRAMSAllofusmust

continuetokeepthepublicinformedaboutthiscontrol
crisisItisimportantthatthepublicinformationprograms
whichhavebeenactiveinthepastyearshouldcontinue
fromtheMADlevelandthoseofusinservicecapacities
continuetosupporttheseprogramsaswellasissuetimely
andaccuratereleasesonourownInthisregardallofus
shouldactivelyopposeanddiscreditanynaiveindividualor
individualswhoreleaseinformationonsimplenewap
proachesthatarepurportedtobeTHEANSWERtomos
quitocontrolproblemsThepubliccannotunderstandhow
therecanpossiblybeaseveremosquitocontrolproblemas
longastheseperiodicsimplesolutionskeepappearing
throughoutournewsmedia

3SOURCEREDUCTIONThesourcereductionprograms
whichhavealwaysbeenabasicpartofmosquitoabatement
activitiesshouldcontinuetobeemphasizedtothemaxi
mumpossibleextent

4POSITIVEAPPROACHWITHCOOPERATIVEMOS

QUITOPRODUCERSInadditiontotheregularsourcere
ductionprogramsMADsshouldutilizetothefullestex
tenttheservicesofadvisorswhocanofferhelptolandown
erswhohavespecificmosquitobreedingproblemsHow
evertheseservicepersonnelcanonlyoffertechnicaladvice
andthereforetheirusefulnessislimitedThisisinkeeping
withtheoldsayingYoucanleadahorsetowaterbutyou
cantmakehimdrinkTherearemanymosquitoproducers
whowillcooperatewhentheproblemisclearlyexplained
Thesearethesamepeoplewhoareaffectedbypublicinfor
mationprogramsandwhowillconsidertechnicaladvice

whenitisobviousanattemptisbeingmadetosolveaser
iousprobleminapositivemannerSuccessesthroughsuch
cooperativeeffortsshouldbepublicized

5DEALINGWITHHARDCOREABUSERS This

bringsmetothedifficultquestionofwhatMADsshould
doaboutthosemosquitoproducerswhorefusetocooper
ateWhileIrecognizethatsomeMADshavedealtfairly
successfullywiththisproblemandothersaretryingthisis
asignificantproblemthatisnotbeinghandledadequately
bymanydistrictsManymosquitoproducersstillhavethe
philosophythatMADsaretaxsupportedagenciesand
thereforeareresponsibleforcleaningupanymosquito
breedingproblemthatoccursnomatterwhatitscause
Thisattitudeisnotnewandifyouneedrefreshingonthis
subjectreadthepaperpresentedbyFrolli1971atthis
conferencelastyearThebasicproblemisnotdifferentfrom
thatwhichairpollutioncontrolauthoritieshavebeenhandl
ingInmanyinstancestheyhavehadtoultimatelytell
offenderstoreducepollutantsintheairorwatereffluents
totolerablelevelsorelsebesubjectedtopunitivemeasures
Itisreasonabletoconsidersignificantmosquitoproduction
asaformofenvironmentalpollutionwhichisnottoler
abletothepublicTheproblemofdealingwithgross
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negligenceintheuseofwaterandlandcannotbesolved
throughresearchbutratherisapoliticalproblemwhich
thetrusteesofMADsaeresponsibleforsolvingFor
examplewearestudyingmethodsofimprovingwater
penetrationonpoorsoilsbutevenifwefindapractical
methodwhichwillyielda50improvementthiswill
notbeofanyvalueif500toomuchwaterisapplied
toagivenfieldThemanagementpersonnelofMADscan
noteffectivelydealwithhardcoremosquitoproducers
unlesstheirrespectivetrusteeshaveformallyadoptedrea
sonablebutfirmpoliciesButhowfastandthroughwhich
specificmeansshouldMADstacklethesesocalledhard
coreoffendersIdonotknowandobviouslysuchdetails
havetobeworkedoutbyindividualdistrictsinrelationto
theirownsituationsHowevertofurtherignoreorneglect
thisproblemindistrictswhichcurrentlyhaveseverecon
troldifficultiesisanactofirresponsibilityonthepartof
therespectivetrusteesThereisnoquestionitwillbediffi
culttotakesuchactionandalsosuchanapproachisdis
tastefulUnfortunatelyinmanysituationsthisistheonly
approachthatremainsanditisirresponsibletodonothing
Furthermorethefactthathardcoreoffendersareallowed
togetawaywiththeirtypeofmanagementoflandand
watercertainlydoesnotnelptheattitudesofotherswho
mightbewillingtoinitiatechangesintheiragricultural
practices

6CAREFULUSEOFTHOSEPESTICIDESWHICHARE

STILLEFFECTIVE MADsstillhaveusefulpesticides
availablebutintheareasofsevereresistancethesituation

appearstostillbeworseningBaygonisstilleffective
againstadultsofhighlyorganophosphorusresistantpopula
tionsWhilewehavenotbeenabletodocumentBaygon
resistanceby1dplinesweknowtheknockdowntimeof
adultsunderoperationalconditionsislongerthanitusedto
bewhentheuseofBaygonwasinitiatedIcertainlyamnot
recommendingthatinsecticideapplicationsbestoppedbut
IdostronglyurgethatdiscretionbeusedForexampleitis
knownthatanadequateamountofBaygoninoiliseffective

ThePorterCologneWaterQualityControlActherein
afterreferredtoasPorterColognebecameeffectiveJanu
ary11970ItsucceededthemorelenientDickeyActof
1949andhasbeensaidtobethetoughestpollutionlawin
thenationWhileagriculturalwasteshadalwaysbeendeem
edtobeindustrialwastesundertheoldDickeyActPorter
Cologneincreasedtheresponsibilityofthecontrolagencies
toabatethissourceofpollution

Abrieflookatthestructureofthewaterqualitycontrol
agenciesmaybeinstructivetounderstandhowtheywill

againstorganophosphorusresistantlarvaeSjogrenandDe
Witt1971buttopressurelarvalpopulationsaswellas
adultswithBaygonwouldnotonlybeexpensivebutwould
alsobeunwiseunderpresentcircumstances

7USEOFOILSOillarvicidingbygroundequipment
shouldbeusedwheneverpracticalThismighteffectively
extendthepotentialusefulnessoforganophosphoruscom
poundsinmanyareasAerialapplicationsofrelativelyhigh
volumesieovertwogallonsacreofoildonotappear
tobepracticalatpresentTheproblemsinvolvedwithdis
persinglowervolumesevenlyacrosstargetareasarestill
notworkedoutforroutineoperationaluseCurrentstudies
ontheeffectivenessofvariousoilsareinprogressandshould
continue

8REASONABLEMOSQUITOCONTROLMADscannot

beexpectedtoprovideamosquitofreeenvironmentand
thereforepeoplesimplyhavetotoleratesomemosquitoes
ItisunrealisticforanMADtoattempttoprovidecomplete
mosquitocontrol
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WATERQUALITYCONTROLANDMOSQUITOABATEMENT

DwightCBaier

StateWaterResourcesControlBoard

14169thStreetSacramentoCalifornia95814

affectyouinthebusinessofmosquitocontrolTheState
isdividedintonineregionswhichveryroughlyarethe
watershedsoftheStateWaterqualitycontrolineachre
gionisentrustedtoaregionalboardconsistingofnine
membersappointedbytheGovernortoservewithoutpay
forfouryearsandtorepresentsegmentsofoureconomyas
opposedtogeographicalareasForexamplemembershipis
asfollows

1Onepersonassociatedwithwatersupplyconservation
andproduction



2Onepersonassociatedwithirrigatedagriculture
3Onepersonassociatedwithindustrialwateruse

4Onepersonassociatedwithmunicipalgovernment
5Onepersonassociatedwithcountygovernment
6Onepersonfromaresponsiblenongovernmentalorgan

izationassociatedwithrecreationfishorwildlife

7Threepersonsnotspecificallyassociatedwithanyofthe
foregoingcategoriestwoofwhomshallhavespecialcom
petenceinareasrelatedtowaterqualityproblems

InadditiontothenineregionalboardsPorterColognede
signatestheStateWaterResourcesControlBoardtoconsist
offivememberswhoarepaidemployeesoftheStateTwo
areregisteredcivilengineersonealawyeroneexpertin
waterqualityandonewithoutspecialexpertise

Inthenormalcourseofeventsthedaytodaycontrolof
waterqualityisdonebytheregionalboardsTheydonot
allapproachproblemsinthesamewaybuttheydogeneral
lyfollowpoliciesoftheStateBoard

RecentlytheStateandRegionalBoardshavebeengiving
increasedattentiontoagriculturalwastesTheyareaware
thatmorethan85oftheStatesdivertedwaterisusedfor
agriculturalpursuitsTheyknowthataneffectivewater
qualitycontrolprogrammustcopewithwastewaterspro
ducedbythisprodigiousindustryAccordinglyboththe
StateandRegionalboardshaveaddedagriculturalexpertise
totheirstaffsandnearlyayearagotheStateBoardformed
theAgriculturalWaterQualityAdvisoryCommitteecon
sistingofagriculturalleadersthroughouttheStatetoad
visetheStateBoardinmattersofagriculturalwastesMean
whileresearchhasbeguntosolvesomeofthevexingprob
lemsofwastesfromagriculturaloperationsForexample
onepopularmethodofhandlingpoultrymanureistoflush
itintoaholdingpondwhereitisstoredfordisposalata
propitioustimeInordertodeterminetheeffectofthis
practiceonthewatersoftheStatetheStateBoardspon
soredresearchtolookatthepermeabilityofthepondshow
muchdenitrificationoccursinthemetcThereportfrom
theprojectisnowinthehandsoftheStateBoardandwill
beavailableshortlyItenablestheregionalboardstomake
recommendationsrelatingtotheuseofholdingpondsand
tobereasonablyconfidentthatifproperlydonetheprac
ticewillnotendangerthewatersoftheState

Someregionalboardshavebeenmoreaggressiveinset
tingwastedischargerequirementsthanothersForexample
theSantaAnaRegionalBoardisnowintheprocessof
settingdischargerequirementsforsome400odddairies
mostlyintheCoronaChinoareaoftheSanBernardinoand
RiversidecountiesInthatregionthestaffoftheRegional
Boardhasbeenworkingthroughfarmerorganizationsto
findmutuallyacceptablesolutionsInsomecountiesparti
cularlyintheSanJoaquinValleycontactswithdairymen
havebeenmostlythroughcountyhealthdepartmentsand
dairyinspectors

Whatwillthedischargerequirementsfordairieschicken
ranchesandfeedlotslooklikeAllthedetailshavenotyet
beenworkedoutHoweveritisclearthatsomechanges
willbemadethatwillhaveapositiveeffectonmosquito
abatementForexampleuncontrolleddischargeofallliquid
wastesfromlivestockoperationswillbestoppedThemost
likelymethodofhandlingtheseliquidwasteswillbedis
chargetoholdingpondsEventuallythepondswillbe
emptiedbyusingthewaterforirrigationDairymenare
likelytoberequiredtohaveacertainacreagepercowon
whichtheycanspreadtheirmanureandtheywillbeex
pectedtospreadthemanureoverthatareaTheywillbeex
pectedtoprotecttheirpropertyfromsheetrunoffboth
thatwhichfallsonthemanuredareaandthatwhichmight
threatentosweepthroughthemanuredareafromhigher
ground

Controlofirrigationwastewaterisastickierproblemthan
therunofffromlivestockoperationsThepolicyofthe
Boardwillbetoencourageineverywaypossiblethecon
solidationoftheirrigationwastewaterdischargesIdeally
ofcoursetherewillsomedaybeacentralvalleydrainwhich
willquicklydrainoffthesewatersthatnowcauseproblems
bybreedingmosquitoesTheseactionsonirrigationdrain
agewillbeslowerincomingthanthosefordairiesfeedlots
chickenranchesandotherlivestockoperations

THEALGAECHARAANDCLADOPHORA THEPROBLEMSTHEYCAUSE

ANDTHEIRCONTROL

RichardRYeo

UniversityofCalifornia
USDepartmentofAgricultureandDepartmentofBotany143RobbinsHallDavisCalifornia95616

1ContributionofthePlantScienceResearch DivisionAgricul
tureResearchServiceUSDepartmentofAgricultureBureauof
ReclamationUSDepartmentoftheInteriorReg2California
DepartmentofWaterResourcesandCaliforniaAgrExpStation
DavisCalifornia

IhavebeenpleasedtohaveMarvinKramerSeniorVec
torControlSpecialistfromtheBureauofVectorControl
andSolidWasteManagementparticipatinginourdiscussions
onthelivestockwasteproblemsHopefullyincontrolling
wastedischargeswemayaccomplishthedualobjectiveof
mosquitoabatement

Someattentionhasbeengivenrecentlytothepossibility
ofplantingcertainalgaeinlakespondscanalsdrainsand
otherlargeandsmallwatersystemstocontrolmosquito
larvaeTheconceptofusingbiologicalalternativestochem
icalsispraiseworthyHoweverconsiderationshouldbegiv
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entosomeofthepotentialproblemsthatmayfollowinoc
ulationofwaterswithalgae

TheproblemsinvolvethreespeciesofalgaeCharaelegans
ABraunRobinsonCharafragilisDesvauxandClado
phoraglomerataLKutzhereinafterthesearereferredto
ascharaandcladophoraCharacommoninwatersthrough
outthelowerelevationsfCaliforniaismostabundantin
hardwaterSingleplantsofcharalooklikebushyherbswith
theuprightfilamentsanchoredtothesoilbyfinerhizoids
Whorlsofleaflikebranchesbearingthereproductivestruc
turesoccuralongthefilamentsCharareproducessexually
byzygosporesPrescott1968andasexuallybydormant
filamentapicesandbulbilswhichforminthesoilFritsch
1961Charaisdistinguishedfromothersimilaralgae
NitellasppandTolypeliasppbythestrongmuskyodor
emittedfromcrushedfilamentsandbycertainfeaturesof
thevegetativeandreproductivestructures

CladophoraisthemoscommonfilamentousalgainCali
forniaswatertransportsystemsItisfrequentlycaughtby
debrisoraquaticvegetationalongcanalanddrainbottoms
anddevelopstrailingmassesupto15feetlongDensemats
ofcladophoraoftenliecnthebottomoflakesandponds
duringcoldcloudyweatherandlaterfloattothesurface
whenthesunstimulatesphotosynthesisandtheproduction
ofgaseousoxygenThematsconsistofmassesofbranched
filamentswhosecellsarefiledwithphotosynthesizinggreen
clorophyllCladophoraisdistinguishedfromseveralother
similaralgaebytheroughnonslimyfeelingthatoccurs
whenitisrubbedbetweenthefingersTheplantsarepropa
gatedasexuallybyquadriflagellatezoosporesandthick
walledrestingcellscalledakinetesSexualreproductionis
isogamousandisaccomplishedbytheunionofbiflagellate
gametesSmith1950Growthofcladophoraiscontinuous
anddriftingplantfragmentsrapidlyenhancethedistribution
ofthealgathroughoutawatersystem

Thepresenceofthesealgaecreatesavarietyofaquatic
nuisanceswhichrequireriamedialmeasures

1Bothalgaeimpedetheflowofwaterincanalsanddrains
oftenpreventingthedeliveryofbadlyneededwaterto
cropsFloatingmassesofcladophoraareusuallycon
spicuousatsiphonstrashracksonturnoutsandalong
thewaterlineofcementlinedcanals

Charaislessconspicuoustotheeyehoweveritstill
causesgreatlyreducedwaterflowsbecauseofthesixfoot
longgrowthsthathavebeenobserved

2Fragmentsofcladophoraclogthesuctionfiltersofirri
gationpumpsThesmallerfragmentspassthroughirriga
tionpipestosprinklerheadsandplugtheorificesHo
wardandBerry1933Mackenthrunetal1964Swartz
1955Whippleetal1948

3Ricecropsarerobbedofnutrientsbyrapidlydeveloping
bloomsofcladophoraanddenseinfestationsofchara

4Theuseofrecreationalwaterforboatingandswimming
isrestrictedbythegnatsofcladophoraHowardand
Berry1933Mackenthunetal 1964Swartz1955
Whippleetal1948

5CharaimpartsafishyodortodrinkingwaterPalmer
1959

6Cladophoraoftenlooksandsmellslikeuntreatedsewage
Hynes1966orwhendecomposingithasaseptic

odorHowardandBerry1933Mackenthunetal1964
Swartz1955Whippleetal1948Propertyvaluesof
farmsranchesandsuburbanhomedevelopmentswith
lakesandpondsarereducedasaresultofextensivealgal
growths

7Theperpetualgrowthsofalgaeandotheraquaticvegeta
tionhasteneutrophicationofwaterbytheaccumulations
oforganicmatteronthebottom

8Theefficientoperationofanewfederallyoperatedsalm
onspawningfacilityatRedBluffCaliforniahasbeen
hamperedbymassesofcladophoracoveringthesurfaces
ofthefinemeshscreensusedtocontainyoungsalmon
fryFragmentsofthealgaealsointerferewithaccurate
countingoffryHowardandBerry1933Mackenthun
etal1964Swartz1955Whippleetal1948

9Mosquitoabatementdistrictswhichraiseandharvest
mosquitofishGambasiaaffinisBaird Girardocca
sionallyfindthatseparatingfishfrommatsofcladophora
isatimeconsumingandcostlyoperationHowardand
Berry1933Mackenthunetal1964Swartz1955
Whippleetal1948

Severalchemicalsareavailableforcontrollingcladophora
andcharaCoppercompoundsincludingcoppersulfatepen
tahydratehereinafterreferredtoasCSPandcuprosecit
ratewhichisacombinationofCSPandcitricacidare
safetouseinpotablewaterCSPandcuprosecitratewill
controlcladophorainstaticwateratconcentrationsranging
from025to10ppmCSPisusedincanalseitherbyapply
ingamountsequivalenttotwopoundspercubicfeetper
secondofwaterorbyapplyingcontinuouslytogivecon
centrationsupto10ppmCommonmethodsofapplication
instaticwaterincludebroadcastingthecrystalsoverthe
algamatsordraggingbagsofcrystalsbehindaboatInflow
ingwaterbagscontainingthecrystalscanbesuspendeda
longcanalseverytwotofourmileslargequantitiescanbe
dumpedintothewaterorfedatlowlevelsintothewater
usingautomaticfeedersBothcompoundswillkilltrout
Otherkindsoffishareusuallynotharmedattheserates

Thedimethylcocaminesaltofendothallwillcontrolcla
dophoraataconcentrationof02ppmappliedcontinuous
lyfortwotoeighthoursThetreatedwatermustbeheldfor
sevendaysbeforeitcanbeusedforirrigationwateringlive
stockordomesticpurposesThechemicalisoftenapplied
byinjectingtheherbicideconcentratedirectlyintoflowing
wateratsomepointofturbulenceorinjectingnexttothe
propwashofanoutboradmotorinstaticwaterItwillnot
harmmostfishatthisrateofapplication

Dichlobenilisespeciallyeffectiveoncharaandwillalso
controlcladophoraTheherbicideisgranularandisapplied
overthewaterbyhandorbyagranulespreaderatrates
rangingfromseventotenpoundsactiveingredientpersur
faceacreThetreatedwatershouldnotbeusedforcropirri
gationhumanconsumptionorwateringlivestockuntil90
daysaftertreatmentFisharenotharmedbydichlobenil
buttheyshouldnotbeeatenfor90days

Acroleiniseffectiveonbothcharaandcladophoraat
062to095ppminflowingwaterandat066to52ppm
instaticwaterItshouldnotbeappliedinwaterusedfor
wateringlivestockorhumanconsumptionTheinjection
periodincanalsusuallylastsoveraneighthourperiodbut
itmaybevariedaccordingtotheamountofalgaeandother



aquaticweedspresentAcroleinistoxictofish
Thisdiscussionhasacquaintedyouwiththeproblems

thatexistfromthepresenceofcharaandcladophoraindif
ferentaquaticsituationsandthecontrolofthesealgaeusing
severalalgicidesItishopedthattheconsequencesofwide
spreadplantingofthesealgaetocontrolmosquitolarvae
willbegivensomeconsideration

ReferencesCited

FritschFE1961ThestructureandreproductionofthealgaeEd
4CambridgeUniversityPressNewYorkNY1791

HowardNJandAEBerry1933Algalnuisancesinsurface
waterCanJPublicHealth24377384
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Thereisagreatdealofinterestatalllevelsofgovern
mentandintheprivatesectorintheimprovementofthe
qualityoflifeinrelationtotheenvironmentintheUnited
StatesandforthatmatterintheworldThisinterestis
showninmanywaysatalllevelsinregardstovariousas
pectsoftheenvironmentTheinterestisevidencedinthe
fieldsofairpollutionwaterpollutionandgroundpollution
andwouldincludeaspectsofnoiseandaestheticsWeto
dayareparticularlyinterestedintheenvironmentfromour
ownstandpointofvectorcontrolIusethetermvectorcon
trolinageneralsenseandwouldincludeallvectorsweare
responsibleforsuchasmosquitoesgnatsandfliesaswell
asnuisanceorganismssuchaschironomidswaspsandother
pestiferousorganismsAsyouarewellawaretheinterestof
thegeneralpublichasbeenwhippedtoafrenzyofconcern
inmanyareasSomeofthisalarmandhysteriaisjustified
andmuchofitisnotThestartmoreorlessofthiscon
cerncouldbeplacedatthedoorstepofthelateRachel
Carsonandcontinuesoninanexpandingformbystate
mentsandactionsofresponsiblescientistsaswellassome
irresponsiblescientiststogetherwithdiatribesfromwhat
arepopularlyknownaspseudoecologists Unfortunately
alsothemisinformedinadequatelyinformedorselfseek
ingindividualshavegainedthepopularpress

Oneaspectofthestatementsandchargeshasbeenthe
questioningoftheabilitiesandcapabilitiesofvectorcontrol
personnel thosepeoplewhodirectvectorcontrolpro
gramsaswellasthosewhocarryouttheprogramsinthe
fieldSomeofthequestioningofthecapabilitiesandcom
petencyofsuchpersonnelmayhavesomebasisinfact
sincesomeprogramscarriedoutbyofficialagenciesnot
vectorcontrolinareasoftheUnitedStatesmayhavebeen
lessthanprofessionalMoreimportanthoweveristhefact
thateventhoughvectorcontrolworkersarebyandlarge
competentagreatmanyhavenoproofofthiscompetency
Organizationshiringsuchpersonnelarethereforesubject
tocriticismparticularlybyuninformedbutvociferousso
calledprotectorsoftheenvironment
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AstheresultofsuchsituationstheCaliforniaMosquito
ControlAssociationinitiatedstudieswiththeWaysand
MeansCommitteetostudypossiblenecessityofsomeform
ofcertificationregistrationorlicensingthatwouldinsure
ananswertothiscriticismThesestudiesstartedin1966

andhavecontinuedtodateThefirststudyincludedthefol
lowingfindingsandarequoted

ICertificationandorregistrationmaybeaccomplished
byatleastthreedifferentmethodsTheseare

ARegistrationasaprofessionalpersonundertheDepart
mentofVocationalStandards

1ThiswouldrequireanactbytheStateLegislature
whichwouldaddasappropriatechaptertotheCal
iforniaBusinessandProfessionalCode

BCertificationofcompetenceasavectorcontrolwork
erbytheStateDepartmentofPublicHealth
1Thiswouldbeaccomplishedbylegislativeamend

mentoftheCaliforniaHealthandSafetyCodeor
theCaliforniaAdministrativeCode

2Itmightalsobeaccomplishedonavoluntarybasis
bycontractualagreementbetweenindividualdis
trictsandtheStateHealthDepartment

CCertificationofproficiencyasamosquitocontrol
workerbytheCaliforniaMosquitoControlAsso
ciation

1Thiscouldbeimplementedbytheappointmentof
anExaminingandCertificationCommittee

2Certificationbythismethodwouldbevoluntary
Individualworkersmightbecomecertificatedat
theiroptionorthegoverningboardofalocalcon
trolagencycouldestablishapolicyrequiringits
districtpersonneltoobtaincertification

RECOMMENDATIONSThe1966committeereacheda
concensusandpresentedthefollowingrecommendationsfor
consideration

ATheCaliforniaMosquitoControlAssociationshouldpro
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moteaRegistrationActbytheStateLegislatureestab
lishingaprofessiontobeknownasVectorControlOffi
cerorotherappropriatetitleThisActshouldbeinclud
edasachapterintheCaliforniaBusinessandProfession
alCodeasadministeredbytheDepartmentofProfession
alandVocationalStandards

1ThisActshouldfollowthenormalformatoftypical
chaptersintheBusinessandProfessionalCode

2ItshouldspecificallyprovideforaBoardofExam
inerspenaltiesforviolationrevocationofregistration
forcauseandareasonablescheduleoffeesforadmin
istrativecosts

3Specifiedpenaltiestobepaidbynonregisteredper
sonsworkingasvectorcontrolofficerswouldbepro
videdtogetherwithprovisionsforactiontobetaken
againstanagencyorcompanywhoknowinglyem
ploysunregisteredpersonstoperformvectorcontrol
work

4Appropriategradesandclassesofworkersincluding
traineepositionsshouldbeprovidedfor

5InorderthattheActwouldnotberetroactivelydetri
mentaltopersonspresentlyengagedinthisworka
grandfatherclausewouldbeincludedtoprovide
automaticregistrationofsuchpersonsatthetimereg
istrationoftheprofessionbecameeffective

6Vectorcontrolworkwouldbedefinedasfollows

Anyworkactivityorpursuithavingasitspurpose
designorintenttheabatementofcontrolofinsects
ofpublichealthsignificanceonanareawidebasisin
anyareahaving100ormoreinhabitants

7StateHealthDepartmentworkersandUSPublic
HealthServiceperscnnelengagedinvectorcontrol
workintheperformanceoftheirofficialdutiesand
personsdoingvectorcontrolworkonmilitaryinstalla
tionsunderthedirectionofthemilitaryauthorities
wouldbeexempted

BIfthegeneralmembershipoftheAssociationfindsthe
conceptofprofessionregistrationtoorevolutionaryto
gainsubstantialsupportatthistimethenoneoftheal
ternatemethodsshouldbepursuedandeveryeffort
shouldbemadetoeventuallyattaintrueprofessional
statusthroughevolutionaryprocess

TheBoardofDirectorsactionwastorecommendfurther

studybythenextWaysandMeansCommitteemeeting

IIIn1967apreliminaryreportwassubmittedbytheWays
andMeansCommitteetotheBoardofDirectorsThis

studydescribedindetailtheproceduresusedbyvoca
tionsandprofessionstobecertifiedandregulatedbythe
DepartmentofProfessionalandVocationalStandards
Registrationofthistypecanapparentlybeobtainedby
oneofthreeapproachesInCaliforniathereappearsto
beatleastthreegeneralapproachestoregistrationI
byinitiativepetitionofthepeople2byactofthe
StateLegislatureeitherattheurgingoftheprofession
orbypressuresfrominterestedcitizenswhofeelthatthe
generalpublicrequiresthisprotectionand3depart
mentalregulationbyvariousdepartmentsoftheState
governmentwheretheyaremoreorlessdirectlyinvolved
intheactivitySometimesindirectlyinvolvedthrough
subventiongrantsorothermatchingfundprograms

IIIIn1968theWaysandMeansCommitteestatedthatthe
IntentandObjectivesofaCertificationRegistration

andLicensingprogramareTheprimeintentofcertifi
cationandlicensingistoprotectthepublic

AChemicalsusedinpresentdaymosquitoandvector
controlprogramscancauseseriousinjurytomanhis
domesticanimalswildlifepopulationsandplants
whenhandledandappliedbypersonswhoarenot
thoroughlyfamiliarwiththehazardsinvolvedandthe
measurestobetakentopreventinjury

1Thesepresentahazardnotonlybydirectcontact
butalsothroughpollutionoftheairwaterand
food

BThesecondobjectiveisthepromotionofstandardsof
proficiencyinvectorcontrolwhichwouldinclude
sourcereductionandothermeasuresdesignedtotake
advantageofaknowledgeoftheecologyoftheorgan
ismThisnotonlyinsuresprotectiontothepublic
fromaccidentalinjurybysubstancesusedinthecon
trolprogrambutalsoaffordsthemprotectionfrom
thediseasescarriedbythevectorthroughaccomplish
mentoftheassigneddutyofriddingthecommunity
oftheanimalresponsibleforthedisease

CCertificationshouldprovidecareeropportunitiesand
encourageyoungmenandwomentopreparethem
selvesforthisprofessionOncestandardsareestab
lishedthecollegesanduniversitiescouldbeencour
agedtooffercoursesofstudywhichwouldprepare
theseyoungpeopleforacareerinvectorcontrolPer
sonsalreadyengagedinthisworkcoulddetermine
whatadditionaleducationexperienceandcharacter
traitswouldberequiredfortheiradvancementwithin
thisfield

DCertificationwouldgiveprofessionalstatustothevec
torcontrolworkerandallowusasagrouptodeter
minewhatskillsandexperiencearereallynecessaryto
accomplishasatisfactoryjobofvectorcontrol
1Ifwedonottaketheinitiativetopreserveouri

dentitybybecomingtrulyprofessionalwerunthe
riskofbeingswallowedupbysomerelatedpro
fessionEvennowtheSanitariansAssociation

seekstoincludeusintheirgroupItisnotbeyond
therealmofpossibilitythatAgriculturalCommis
sionersPestControlOperatorsMedicalEntomolo
gistsSanitaryEngineersorsomeotherprofession
algroupmayalsoattempttobringvectorcontrol
workersunderregulationsformulatedbythemfor
theadvancementoftheirprofession

ECertificationandregulationoftheprofessionshould
servetopreventasituationfromarisingwhichwould
causethepublictodemandlegislationimposingsevere
restrictionsontheactivitiesoflocalvectorcontrol

programs

IVAverycomprehensivepaperonthesubjectwaspresent
edbyMrJohnBrawleyManagerContraCostaMos
quitoAbatementDistrictEmployeeCertificationReg
istrationandLicensing ItsPossiblePlaceinVector

Control ThispaperwaspresentedattheSeminaron
ManagementforVectorControlAdministrationOcto
ber291970theProceedingsofwhichareapublication
oftheCaliforniaMosquitoControlAssociation
RecentlytheimportanceofconsiderationofCertifica

tionRegistrationandLicensingwasmadeevidentina



speechbyDrDavidDDominickAssistantAdministrator
forCategoricalProgramsinEnvironmentalProtectionAgen
ciesDrDominicksaddresswasmadetotheEntomological
SocietyofAmericaatitsAnnualConferenceheldinLos
AngelesNovember1971andIquotefromhisaddress
Formorethan30yearswehavenonchalantlyintroduced
intoourenvironment forthegoodofman amyraid
ofchemicalbiologicalandphysicalcontaminantswithlit
tleideaofwhatweweredoinginthelongruntoourselves
orotherlifeformswithwhomwesharethisglobeThe
timehascomewhenthismusthaltWemustbegintotest
newpesticidesinadvanceWemustthoroughlyconsidernot
onlyshorttermbenefitsbutlongrangeeffectsWemustbe
morespecificabouthowthesechemicalsareappliedandin
whatamountsWemustknowwherepesticideswillbeap
pliedandbywhom

DrDominickdescribedindetailprovisionsofHR
10729whichhasbeenpassedbytheHouseofRepresenta
tivesandisnowpendingintheSenateThisActisentitled
TheFederalInsecticideFungicideandRodenticideAct
withthepurposeprimarilytoprotecthealthandtheenvi
ronmentdefinedasMeansofprotectionagainstanyinjury
tomanandprotectiontoanysubstantialadverseaffectson
environmentalvaluestakingintoaccountthepublicsinter
estincludingbenefitsfromtheuseofthepesticide

Inconnectionwiththisprotectionoftheenvironment
includedareprovisionsforCertifiedPesticideApplicator
whichmeansanyindividualwhoiscertifiedandauthorized
touseorsupervisetheuseofanypesticidewhichisclassi
fiedforrestricteduseExcerptsfromtheActinclude

SEC4 USEOFRESTRICTEDUSEPESTICIDE

CERTIFIEDAPPLICATORS

ACERTIFICATIONPROCEDURE

1FEDERALCERTIFICATIONSubjecttopara
graph2theAdministratorshallprescribestan
dardsforthecertificationofpesticideapplicators
Suchstandardsshallprovidethattobecertified
anindividualmustbedeterminedtobecompetent
withrespecttotheuseandhandlingofpesticides
oroftheuseandhandlingofthepesticideorclass
ofpesticidescoveredbysuchindividualscertifica
tion

2STATECERTIFICATIONIfanyStateatany
timedesirestocertifypesticideapplicatorsthe
GovernorofsuchStateshallsubmitaStateplan
forsuchpurposeTheAdministratorshallapprove
theplansubmittedbyanyStateoranymodifica
tionthereofifsuchplaninhisjudgement

adesignatesaStateagencyastheagencyrespon
sibleforadministeringtheplanthroughoutthe
State

bcontainssatisfactoryassurancesthatsuchagency
hasorwillhavethelegalauthorityandqualified
personnelnecessarytocarryouttheplan

cgivessatisfactoryassurancesthattheStatewill
devoteadequatefundsfortheadministrationof
theplan

dprovidesthattheStateagencywillmakesuch
reportstotheAdministratorinsuchformand
containingsuchinformationastheAdministra
tormayfromtimetotimerequireand
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econtainssatisfactoryassurancesthatStatestand
ardsforthecertificationofpesticideapplica
torsconformwiththosestandardsprescribedby
theAdministratorunderparagraph1

BSTATEPLANSIftheAdministratorrejectsaplan
submittedunderthisparagraphheshallaffordthe
Statesubmittingtheplanduenoticeandopportunity
forhearingbeforesodoingIftheAdministratorap
provesaplansubmittedunderthisparagraphthen
suchStateshallcertifypesticideapplicatorswithre
specttosuchStateThetimetableforcarryingout
theprovisionsoftheActareasfollows

Aperiodoffouryearsfromdateofenactmentshallbe
providedforcertificationofpesticideapplicators

AOneyearaftertheenactmentofthisActtheAdministra
torshallhaveprescribedthestandardsforthecertifica
tionofpesticideapplicators

BWithinthreeyearsaftertheenactmentofthisActeach
Statedesiringtocertifypesticideapplicatorsshallsubmit
aStateplantotheAdministratorforthepurposepro
videdbysection4b

CAspromptlyaspossiblebutinnoeventmorethan
oneyearaftersubmissionofaStateplantheAdmini
stratorshallapprovetheStateplanordisapproveitand
indicatethereasonsfordisapprovalConsiderationof
plansresubmittedbyStatesshallbeexpedited

ThecertificationprovisionsoftheActappeartobevol
untaryforthestateshoweverfinancialinducementsare
madeintheActtoprovideGrantsInAidfortrainingwhich
areasfollows

SEC23STATECOOPERATIONAIDANDTRAIN
ING

ACOOPERATIVEAGREEMENTSTheAdministrator
isauthorizedtoenterintocooperativeagreements
withStates

1todelegatetoanyStatetheauthoritytocooperate
intheenforcementoftheActthroughtheuseof
itspersonnelorfacilitiestotrainpersonnelofthe
StatetocooperateintheenforcementofthisAct
andtoassistStatesinimplementingcooperative
enforcementprogramsthroughgrantsinaidand

2toassistStateagenciesindevelopingandadminis
teringStateprogramsfortrainingandcertification
ofpesticideapplicatorsconsistentwiththestand
ardswhichheprescribes

bCONTRACTSFORTRAININGInaddition
theAdministratorisauthorizedtoenterinto

contractswithFederalorStateagenciesforthe
purposeofencouragingthetrainingofcertified
pesticideapplicators

TheBoardofDirectorsoftheCaliforniaMosquitoCon
trolAssociationappointeda1971SpecialCommitteetore
viewallpaststudiesandtocomeupwithconcreterecom
mendationsTheCommitteecompletedthestudyandafter
muchreviewandresearchcameupwiththefollowingrec
ommendations

Thereweresixpossibleavenuesthatcouldbefollowed
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AMaintainthestatusquowhichwouldbetodonothing

BInitiatelegislativeactionforregistrationofmosquitoand
vectorcontrolpersonnelwithprovisionsforsuchcertifi
cationorregistrationtobeplacedintheHealthand
SafetyCodeadministeredbytheStateHealthDepart
ment

CCertificationbyProfessionalandVocationalStandards
oftheStateThismethodisexpensiveandwouldcost
thosecertifiedatotalofapproximately5000000per
year

DLicensingforcompetencyAprocedureforlicensingpes
ticideapplicatorsatalllevelsofgovernmentandthepri
vatesectorsisineffectinUtahThelicensingisrequired
formosquitocontrolpersonnelwhoareemployeesof
MosquitoAbatementDistrictsinUtahwithlicensesby
examinationrequiredannuallyThelicensingisafunc
tionoftheUtahStateDepartmentofAgriculture

ECertificationofcompetencyofmosquitocontrolperson
nelbytheCaliforniaMosquitoControlAssociationin
conjunctionwiththeBureauofVectorControlandSolid
WasteManagementinCaliforniaThisprogramwasini
tiatedin1970onrecommendationoftheWaysand
MeansCommitteeoftheCMCAThefirstcourseoftrain
ingwascompletedin1970forallmosquitocontrolper
sonnelintheStateIreMarch1971theWaysandMeans
Committeerecommendedcontinuationofthistraining

courseattheoriginallevelinadditiontoanadvanced
levelforthosewhohadcompletedtheoriginalcourse
TheBoardofDirectorsadoptedthisrecommendationas
Policy

TheCertificationRegistrationandLicensingCommittee
recommendedtotheBoardofDirectorsatitsDecember
1971MeetingthattheBoardactioninMarchbereaffirmed
andthatallnecessarystepsbetakenin1972tocarryon
trainingprogramsforcertificationofmosquitocontrolper
sonnelThistypeoftrainingandcertificationbytheCali
forniaMosquitoControlAssociationandBureauofVector
ControldoesnothavethemandatoryrequirementofState
lawItdoeshoweverindicatetointerestedpeoplesuchas
Legislatorsandconcernedecologistsandenvironmentalists
competentorincompetentthatgovernmentalpersonnel
carryingonmosquitoandvectorcontrolinCaliforniaarein
terestedindoingtheirworkinsuchamannerthattheenvi
ronmenthuPtananimalandvegetableisbeingprotected
bycompetentpeopleItcanbeseenfromthepotentialFed
erallegislationbeingpromotedbytheEnvironmentalPro
tectionAgencythatthedaymaysoonbeherewhichwill
requireformalcertificationbytheseveralStates

Inthiseventmosquitoandvectorcontrolpersonnelof
governmentalagencieswillbereadyandqualifiedbythe
ongoingprogramsoftheCaliforniaMosquitoControlAsso
ciationandBureauofVectorControlandSolidWasteMan
agement

THEPRACTICALASPECTSOFALARGESCALEFIELDTESTOFRICEFIELD

MOSQUITOCONTROL

EugeneEKauffman
1

andJamesB Hoy

TheSutterYubaMosquitoAbatementDistricthasalarge
acreageofriceapproximately80000acresonwhichif
mosquitocontrolbychemicalmeanswasattemptedwould
raisethetaxrateanadditional17per100assessedvalua
tionor140000Thisisthemainreasonwehavebeenin
vestigatingtheuseofthemosquitofishGambusiaaffinis
GirardandBairdinricefieldsOtherstimuliarethatthe
continueduseofchemicalswherenotabsolutelyneeded
maybringcriticismfromanenvironmentallyalertpublic
andthatunnecessarysprayingwithchemicalswillundoubt
edlyspeeddevelopmentofinsecticideresistance

Tocontrolthemosquitoesthatmighthatchfromthe
ricefieldhabitatandtopreventtheproblemscitedabove
wecommencedaresearchprojectin1970toassesstheef
ficacyofmosquitofishHoyOBergandKauffman1971

In1971theprojectwasenlargedapproximatelyeight
foldandwasalsomodifiedbaseduponconclusionsdrawn
fromthe1970study

1SutterYubaMosquitoAbatementDistrict925MarketStreet
YubaCityCalifornia95991

2UnitedStatesDepartmentofAgricultureEntomologyRe
searchDivision5544AirTerminalDriveFresnoCalifornia93727

Thenewprojectwastohavethetestfielddividedinto
fourcategoriesOnewastocombineGambusiaatarateof
02lbsperacre100fishperacrewithasingleearlyseason
applicationofDursbanchlorpyrifosatarateof0125
lbsperacrebutduetoaninadequatesupplyoffishwe
sprayedtheDursbanandomittedthefishThesecondtreat
mentcategorywasplantedwith02lbsperacre100fish
peracrethethirdcategorywasplantedwith06lbsper
acre300fishperacreandthefourthcategorywasused
asanexperimentalcontrolTheresultsoftheprojectarere
portedbyHoyOBergandKauffman1971

TheprojectwasconductedbytheUSDepartmentof
AgricultureundertheguidanceofDrJamesHoywiththe
majorityofmenandequipmentprovidedbytheSutter
YubaMADTheCaliforniaNationalGuardprovidedand
mannedalargehelicopterforfishplanting

Therewerenotenoughfishinlocalsitessowehadto
seektheminplacesoutofourareaWeobtainedover375
poundsoffishfromacommericalbaitdealerinWoodlake
CalifornianearVisaliaAlesseramountwasobtainedfrom
asimilarsourcesouthofSacramentoCaliforniaNearly330
poundsoffishwerecollectedbyDistrictpersonnelfrom
sewerageoxidationpondsnearAngelsCampCalifornia

Tocollectandortransportaswellastopreparefor



plantingfromhelicopterorpickuptrucksrequiredalotof
equipmentOnthetripstoWoodlakewetookatwoton
flatbedtruckanda34tonpickuptruckOntheflatbedwe
hada500gallonstainlesssteeltanka200gallonsteel
tankanda55gallonsteeldrumToprovideoxygentothe
fishinthesecontainerswehadboth110and12voltagita
torstopowerthesewehada100voltgeneratorandtwo
12voltbatteriesasabackupsystemWealsotookalongone
largebottleofcompressedairasasupplementaryformof
aerationandaportable110voltfreezertomaintainanice
supplyforwatertemperaturecontrol

Additionalequipmentneededtogetmosquitofishfrom
theoxidationpondsnearAngelsCampincludeda12foot
aluminumboattwoliveboxesand30footnylonseines
with316inchmeshSeveralofthepondswerequitedeep
sotheboatwasusedtogettheseineoutawayfromthe

Itisalwaysachallengetotrytopiecetogetherwhat
actuallyhappenedinimportanthistoricaleventsSuchis
thecasewiththeintroductionofmalariaintoCaliforniaand

thesubsequentdevastatingepidemicamongtheIndians
Usuallyconsiderablebackgroundreadingisnecessaryin
suchcasesandrecentlywehavehadthetimetodothisIn
previousyearsourecologicalstudyofanophelinemosqui
toesgaveusanunderstandingoftheseasonalhabitsdis
tributionandlimitationsofthevectorspeciesWenow
bringthisinformationtobearinanattempttopresentwhat
webelievetobealogicalsequenceofeventsthattook
placein183033Briefmentionofmalariainthestatefol
lowingitsintroductionandinrecentyearscompleteour
thoughtsandobservationsonthesubject

Thereisnopointinagainreviewingthedetailedaccounts
ofCookandGrayandFontainewhohaveextensivelyre
searchedtheepidemicof183233inparticularWewillbe
ginwiththeknowledgethatmalariawasintroducedto
FortVancouveracrosstheColumbiaRiverfromPortland
Oregonin1829viainfectivesmostprobablyononeor
moreshipsStageandGjullin1935Cookwrotethatthe
entirewhitepopulationontheColumbiaalmostwithout
exceptionsufferedfrommalariainamoreorlessacute
formin18301831and1832Henceanyperson
travelingbyfootorhorsebackfromtheColumbiaoutposts
totheCaliforniavalleyshaditmaybeestimatedanine
outoftenchanceofbeingamalariacarrier

Understandablythemajorityoftrapperskeptfewif
anylogsoftheirexcursionsandsomewerelosttherefore
historiansinattemptingtoreconstructtheirtravelsshow
gapsandconflictsindatesWorksexpeditiontoCalifornia
in183233Maloney1945fromtheHudsonBayCom
panyatFortVancouverisbyfarthemostimportantand
wewillcomebacktoitindetaillaterFromthemanywrit

StanleyFBailey

UniversityofCalifornia
DivisionofNaturalSciencesISantaCruzCalifornia95060
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shoreTheliveboxesweretowedbehindtheboatandwhen

alargenumberoffishwerecaughttheyweredumpedinto
aliveboxThisallowedthefishtospreadoutandnotbeas
crowdedasinaseineSincethebottomoftheboxwas
coveredwith inchhardwareclothyoungfishandmales
wereallowedtoescape

Travelingtimetothestudyareawasfivehoursfrom
WoodlakeandthreefromAngelsCampOnlyfromAngels
Campwasthereanysignificantmortalitythecausewas
neverdetermined
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ingscoveringthisperiodCleland19301950Gilbert
1879Twitchell1925Sullivan1934Binns1967Ma
loney19401945etcwefindthatthreeimportanttrap
persJedediahSmithPeterOgdenandEwingYoungtra
versedtheGreatValleyprevioustopartisanJohnWorks
expeditionTheirpartiesoftennumbered60ormorein
cludingmanyIndiansSmithhadabasecamponthelower
StanislausRiverandrangedasfarnorthastheAmerican
Riverin18262728Someofhispartyremainedtheentire
summerof1827atWimilchiinthecentrallowerSan

JoaquinValleyInthespringof1828hetrappednear
FrenchCampandnorthtoButteandDeerCreeksonthe
eastsideoftheSacramentoRiverCleland1930Ogden
fromFortVancouvercameupfromSouthernCalifornia
inthespringof1830andtrappeduptheSacramentoValley
withYoungforabouttendaystothePitRiveralsocamp
ingatFrenchCampMaloney 1940alongtheway
YoungtrappedintheDeltaregionin183031alsostopped
atFrenchCampreturnedfromLosAngelesin1832and
coveredthelowerAmericanandFeatherRiverbeaverarea
aswellasPutahCreekonthewestsideoftheSacramento

RivertheWintunIndianterritoryHemetMichelLafram
boiseoftheHudsonBayCompanyontheSanJoaquinin
thefallof1832McLeodnotaswellknownasaCalifornia
trapperestablishedFrenchCampasanoutpostoftheHud
sonBayCompanyin1828ThusuptothetimeofWorks
campontheButtesinDecemberFebruary183233there
wereonlytwosemipermanentcampsofnoteHerethe
trappingpartiesremainedlongenoughtoestablishcontinu
ingcontactwiththenativeIndiansoveraperiodofweeks
ormonthspresentingopportunityforsuccessfulmalaria
transmissionHowevertherearenorecordedreportsof
sicknessamongthetrappersorIndiansinthevalleyduring
theperiod182632



88

Itwasthehabitofthetrapperstosetouttheirtraps
gatherthecatchthefollowingdaystretchthepeltson
willowhoopsRussell1967andmoveonIfthecatch
wasverygoodandadditionalprofitabletrappingwasindi
catedsuchwasdonefromatemporarybasecamp

AmoredetailedexaminationofthelogofWorkfurther
pinpointswebelieveYubaCityasthecriticalcontact
areaAfterarrivingintheSacramentoValleyinlate1832
theWorkpartytraveledsouthtotheButteSinkandlower
FeatherRiverareabyDecember9makingcampinthe
MarysvilleButtesThelocalSouthernMaiduIndianscame
tothiscampDecember1120TheLaframboisetrapping
partyfromFrenchCampspentChristmaswithWorkinthe
ButtesandbyDecember29theywerealmostcompletely
surroundedbythefloodingSacramentoRiverThelower
FeatherandBearRiversandtheWheatlandLincolnarea
southtoAuburnRavineandtheAmericanRiverweretrap
peduptoJanuary161833andbythe22ndbothparties
totaling163peoplewerebackattheButtesCampWebe
lievethiscamptohavebeeninthevicinityofthepresent
FremontmonumentHundredsofIndianshadbeenseenin
manyvillagesintheentireareaandtheycameinlargenum
berstothecampallwinterparticularlytogetmeatwhen
thehunterskilledDuringthisperiodofencampment395
elk148deer17bearand8antelopewerekilledAgainby
February5theButteswerenearlysurroundedbywater
TheridgeorcontouralongtheoldButteHouseRoadbe
tweenSutterandYubaCityusuallymakeseastwestaccess
possibleduringthefloodperiodsUndoubtedlyitwasalong
thisroutethatbothIndiansandtrapperstraveledduring
thisimportantperiod

MembersofJohnWorkspartyabout100peopleboth
whitesandIndianshadacquiredmalariaalongtheColum
biaRiverbeforeleavingforCaliforniaCook1955on
August171832Ontheirtripsouthduringthefallmem
bersofthegroupcontinuedtobeillwithfeverWorknoted
onDecember2intheDeerCreekPineCreekareasome
sicknessamongthenativeIndiansJedSmithhadbeenhere
onApril51828Sullivan1934Throughouttheremain
deroftheirexpeditionthatwinterandspringnootherill
nessorepidemicamongtheMaiduorWintunIndianswas
recordedItwasnotuntilthefollowingAugust1833did
WorkseetheshockingevidenceoftheepidemicintheBear
RiverButteCreekareavillagesonhisreturntripnorth
SomewhatfurthernortrthePineandDeerCreekarea
againheobservedtheLldianstobeinbetterhealthAu
gust17Thereforeitappearsthemajorfocusoftheinitial
infectiveswasinabouta65milestretchbetweentheBear

RiversouthofYubaCityandapproximatelyChicoInthis
areabelow1000feetelevationwhichwastheprincipal
beavertrappingzonetherewere23IndianvillagesKroe
ber1925

ThetrappersandtheirNezPercesIndianhelpersinthe
winterlivedinleatherlodgesforprotectionfromtheele
mentsThesetepeesweremadewithpolesandhides
whichtheycarriedwiththemThemosquitoAnopheles
freeborniAitkenreadilyentersanyhumanoranimalshel
tereventhroughsmallopeningsItsrelativeAnopheles
punctipennisSayshunscoveredorrathertightlyclosed
sheltersandwillnotpassthroughsmallopeningsInaddi
tiontothiswintercampattheButtesthereweretwoother
trapperscampsasmentionedabovewhichwereoccupied
forlongerperiodstheJedSmithcamponthelowerStanis
lausRiverandFrenchCampIntheseareasatleastinthe

presentcenturylargenumbersofanophelinemosquitoes
donotpassthewinterIncontrastintheButtesvery
largenumbersof4freeborniannuallyoverwinter

Atthispointperhapsitshouldbepointedoutthatthe
Indianhousesintheirpermanentwintervillageswereexca
vatedaboutthreefeetbelowgroundbrushandreeds
thrownoverapoleframeworkandcoveredwiththeexca
vateddirtTheentrancewasanarrowopeningsloping
downwardAholeinthetopallowedthesmoketoescape
TheIndianssleptonraisedplatformsmadeofpolescovered
withskinsreedsorfeatherblanketsThesmokyinteriorof
tenbecamesohotthatsleepingwasinthenudeKroeber
1925SeveralfamiliesoccupiedeachhouseThemosquito
Afreeborniwouldhaveenteredreadilythroughthere
stricteddoorandevendownwardviatheroofventwhenno
firewasburningAlongthelowerportionsofthewallsand
beneaththesleepingplatformsidealrestingsitesweretobe
foundprovidingtheotherconditionsweretoleratedObvi
ouslytherewasampleopportunitytobecomeblooded
Inthelargervillagesaceremonialordancehousewastobe
foundInthesestructuresnotregularlyheatedtherewere
undoubtedlylargenumbersofoverwinteringmosquitoes

Itcanbeseenthattheremusthavebeenadequateoppor
tunityfortheIndianshavingcontactedWorkspartyonthe
ButtestohavespreadmalariaintheirvillagesintheYuba
CityareaduringFebruaryandMarchItisatthistimethat
Afreebornibecomesveryactiveandbitesreadilyandin
sistentlyatallhoursifthetemperatureisaboveabout55F
Nowtoreturntothehighlysignificantdetailsofthetravels
oftheWorkpartyTheylefttheButtescamponFebruary
231833andtrappedthroughOrovilletoChicocrossedto
thewestsideoftheSacramentoRiverforthefirsttime

nearStonyCreekTheirjourneytookthemsouthtoWil
liamsMarch8anddownCacheCreekthroughtheheavily
populatedWintunIndianareatoWoodlandandWinters
March1216NosicknesswasnotedamongtheseIndians
whichduringthefloodperiodswereisolatedfromtheeast
ernMaidutribeHereitshouldbementionedthatYoungs
partyhadpreviouslypassedthroughthePutahCacheCreek
areasofYoloCountyThehighlymalariousgroupofWork
reachedNapaonApril9andmanyagainhadchillsThey
proceededtothecoastandreturnedviaClearLakereach
ingWoodlandonMay29Againnomentionwasmadeof
sicknessinthelocalIndiansJuneandJulywerespentin
theDeltaandlowerConsumnesMokelumneandStanislaus

RiverareasManymosquitoeswereencounteredduringthis
periodOnAugust11833ontheirreturnnorthnearthe
junctionoftheBearandFeatherRiverssouthofYubaCity
manyIndianswerefoundsickwithfever NeartheButtes

thevillageswerealmostdesertedandnearChicoCreek
August14thenativeswereevenmoresick Thisnorth

southareaadistanceof50to60mileswasthegeneralvi
cinityofthemajorepidemic

FurthernorthnearDeerCreekAugust17theIndians
wereinbetterhealthBetweenCowandHatCreekAugust
212972membersoftheWorkpartybecameveryillwith
shakingfits Inthisvicinitynosicknesswasobservedin
theIndiansThisareawastheterritoryoftheYanatribe
whichwasveryhostileTheseIndianshadlittleornocon
tactwiththetrappersanddidnotappeartohavecontract
edthedisease

DuringthesummertheIndianssleptunderopenbrush
sunsheltersalongthebanksofmajorstreamslinedwith
oakswillowsandcottonwoodsSuchanenvironmentwas



idealforAnophelespunctipennisbreedingTheseasonal
peakofthismosquitoisreachedinMayandJuneThuswe
believethatthisvectorwasofmajorconcernintransmitting
thediseasethroughtheMaiduvillagesinthespringand
earlysummerof1833someoftheIndianshavinginitially
acquireditviafreeborniinthelatewinteratWorksButte
campTheseIndiansrarelytraveledveryfarandhadlittle
ornocontactwithothersubtribessuchastheWintun
MiwokPomoorYanaKroeber1925Howeververy
frightenedanddisconcertedbythemanydeadlargenum
bersofwhichremainedunburiedthesurvivorsentirely
abandonedtheirvillagesscatteredandwereabsorbedby
othersubtribesintheSacramentoandupperSanJoaquin
ValleyThusthediseasewasspreadthroughouttheGreat
ValleyChamberlainandWells1879

Anotherfactorasidefromnoimmunitythatundoubt
edlycontributedtotheunusuallyhighIndianmortality
vsthetrapperswastheuseofthesweathousewhenill
Greenwrotethatitwasregardedastheneverfailingrem
edyfortheIndianwhetherhisailmentswerelittleorgreat
andintoittheywentwhetherafflictedwithtyphusor
toothacheafitofindigestionorthesmallpoxTherewere
doubtlesscasesinwhichthesehotairandcoldwaterbaths
werebeneficialandperhapsinmanycaseswerenothurtful
butincasesofsmallpoxandotherkindreddiseaseswhich
sometimessweptoverthecountryasoccurredin1829
1833and1856thesweathousepanaceaproveddread
fullyfatalLikewisetothenorthitisinterestingtonote
thatOgdenBinns1967wrotethatincheckingtheIndian
villagesnearFortVancouveraboutamonthafterherecov
eredfromanattackhefoundallweredeadTheIndians

hadreliedontheirownmethodoftreatingafeverbyplung
ingintocoldwaterandtheyhadmadedeathunanimous
seealsoChamberlainandWells1879Thetrappersand
whiteresidentsofFortVancouverdidnotsufferahighmor
talityhadquinineavailableandofcoursedidnotusethe
sweathousetreatmentTwitchelldidnotconsiderthis

supplementaryfactorindoubtingmalariaasthecauseof
thegreatIndianmortalityin1833

FrenchCampnearStocktonafieldbasefortheHud
sonBayCompanywasestablishedin1828andclosedin
1845Allthetrappingpartiesapparentlystoppedhereat
onetimeoranotherduringthebeavertrappingeraLafram
boiseappearstohavebeenthemostfrequentoccupantIt
shouldbenotedthathecamedownthecoastviaSan
Franciscotothiscampfirstinthefallof1832havingcome
alsowithColumbiaRiverIndiansaftertheinitialepidemic
atFortVancouverasdidWorkHeseemsnottohavekept
alogandinoneofthewritingswehaveseenwastheremen
tionofsicknessamongtheIndiansofthisvicinitySincethe
noteskeptbyWorkaresopertinentwerefertothemagain
HispartytrappedonthelowerConsumnesandMokelumne
RiversandstayedatFrenchCampandvicinityJune1030
1833Indiansvisitedtheircampsdailyandbroughtberries
fortradeFurthertheloginseveralinstancesmentionsthe
greatmosquitonuisanceWorkspartywithmanyinfectives
thusexposedthisportionoftheMiwoktomalariainJune
July1833Allconditionsshouldhavebeenfavorablefor
transmissionHowevertherewasnomentionofanyofthe
trappershavingchillsuntilAugust13nearChicoontheir
returnnorthAlsoanecologicalitemofimportancewas
notedbyusinGilbertsHistoryofSanJoaquinCounty
namelyLoneTreeCreekonwhichFrenchCampwaslocat
edwasdryinsummer
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Inspiteofthe1833epidemicLaframboisereturnedto
centralCaliforniatotrapsuccessfullyin183418361837
18391840and1842Inthewinterof183738forexample
hehadatemporarycampatthejunctionoftheFeatherand
SacramentoRiversatwhichhehadaccumulated2700skins

Apparentlymalariawasnotsufficientlyseveretopreclude
expeditionsafter1833Cleland1950

MalariaduringtheGoldRushhasbeencoveredinsome
detailbyFontaineandGrayInreviewingsomeoftheex
tensivewritingsofthishistoricalperiodwehavebeenparti
cularlyinterestedinsomeoftheoldphotographsofthe
wellknownminingdistrictsofPlacervilleAuburnGrass
ValleyetcTheseprintsshowedthesurroundinghillstobe
completelydenudedandthesurfaceofthegroundachurn
edupmassofrockyrubbleAllshadealongthestreamswas
eliminatedthestreamsorportionsthereofdivertedfor
sluicingandthewatertherebyconstantlymuddiedEgen
offhasassembledmanysuchpicturesandquotesfroman
1857publicationofBorthwickasfollows thewhole

countryhadbeenransackedeveryflatandravinehadbeen
prospected Suchadrasticalterationoftheenvironment

wouldhaveeliminatedApunctipennisinandaboutthe
largercommunitiesIncontrastintheopensunnygrassy
pocketswateredbyoverflowsseepswastesumpsetc
AfreeborniwouldhaveflourishedInrecentyearswehave
collectedanophelinesextensivelyintheMotherLodearea
fromOrovilleSanJuanSmartvillePilotHillDiamond
SpringsVolcanoAngelsCamptoColumbiaAllthrough
thisareafreeborniiscommonandreadilycollectedinsuch
opengrassyfreshwatersitesuptoaboutthelimitofthe
DiggerpineOntheotherhandonehastoseekoutthevery
specificandwidelyscatteredbreedingsitesofpunctipennis
Thisvectormosquitousesitsfavoritenichesyearafteryear
iftheyarenotdisruptedThusinthehelterskelterrough
andreadytypeoflifetheminerslivedintheSierrafoothills
webelievefreeborniwasundoubtedlytheprincipalmalaria
vectorInpassingitisinterestingtonotethatEgenhoff
1949quotesfromcorrespondenceofthetimethatup
wardsof4000menwereworkingintheAmericanRivergold
districtmorethanhalfofwhichwereIndiansSomeof
theseIndiansfromthenearbyvillagesweresurvivorsofthe
1833epidemicandwereundoubtedlycarriersinaddition
manynewcomersfrommalariousareasofothercountries
Todayitisdifficulttovisualizethecountlessbreedingsites
formosquitoesofferedduringtheheightofthehydraulic
miningperiodMorethan6500milesofditcheswerebuilt
tocarrywaterfromtheHighSierratotheminesbelow
ScoresofdamswereconstructedOneditchwas80miles

longInthemiddle80sthreeminingcompaniesnearNorth
Bloomfieldusedmorethan100milliongallonsofwater
dailyinthegiantnozzlesWyckoff1962

Anotherecologicalchangethatoccurredduringtheearly
historyofthestatewasthereplacementofthegreatabun
danceofwildanimalsashostsofthemosquitoesbyintro
ducedlivestockThepeakofthecattleperiodaccordingto
Hutchison1946was18501863and18701875forsheep
Dasmannstatesthattherewere3000000cattleinthestate
in1862andby1876therewereabout6400000sheep
Hutchison1946Washino1970hasrecentlypresented
datatoillustratethepresentdaysourceofbloodofsome
ofthemostimportantmosquitospeciesObviouslywecan
notknowtheoriginalpreferenceamongthewildhostsand
whetherornottheshifttodomesticanimalswasmerelya
matterofgreateravailabilityCropirrigationcameintouse
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aboutthistimeandby1870therewereabout60000acres
somewhatcrudelyirrigatedatCottonwoodandnearWheat
landThischangealsogavefreebornitheopportunitytoin
creasegreatlyandadjacentmanmadestructuresidealfor
overwinteringinplaceofscatterednaturalwintershelters
madeitpossibleforlargenumbersofadultmosquitoesto
passthewintersuccessfullyThisaggressivevectorwasthus
giveneveryopportunitytotransmitthediseasetotherural
populationinthelatterpartofthecentury

InadditiontoCottonwoodandTehamaPenrynwasa
wellknownmalariousareaWhenthewriterfirstbegancon
ductingfieldresearchwithfruitpestsin1930HarryE
ButlerwasstilllivingatPenrynandwehadanopportunity
tolearnthestoryofmalariaanditscontrolinPlacerCounty
circa191020firsthandDuringtheDepressionyearsthe
foothillorchardswereneglectedirrigationditchesbecame
chokedwithgrassandthedominantfreeborniincreased
markedlyManyyearslaterfollowingWorldWarIIwhen
ourfieldworkwaslargelyinmosquitoecologywebecame
familiarwithestablishedlocalpunctipennisspotsalong
AuburnRavineaswellasSecretRavineandotherminor
streamsinthatCounty

Inastudyoftheseasonalhistoryofthethreeanophe
linesfoundonthewesternslopesoftheSierrasBaileyand
Baerg1966foundthatatlowelevationsabout200600
feetfreeborniisthespeciesmostoftencollectedItis
foundgenerallyinfarmpondsreservoirsandsunlitgrassy
ditchesMovementofpunctipennisawayfromitsverylocal
breedingsiteswasnegligibleAtanelevationofabout1400
feetthislatterspeciesreachedaseasonalpeakinJuly1965
whilefreebornimaintaineditsnumbersatalowerlevel
allseasonHighsummertemperaturesdepressthefreeborni
populationandbitingisminimalinJuneandJulyInthis
foothilldistrictthewinterconcentrationofadultpuncti
pennisismuchgreaterthanfreeborniWashinoandBailey
1970havereportedthatpunctipennisshowsnearlycom
pleteabsenceofbloodfeedinginNovemberandDecember
andthatfeedingincreasedinthelatterpartofFebruarybut
toamuchlesserextentthanfreeborniWehavecollected
bloodedfreeborniallwinteratthemarginoftheSacra
mentoValleyunpublisheddataandWashino1970has
shownitswinterseasonalfeedingpatterntobereduced
Lastlyanadditionalandveryimportantdifferenceinthe
winterhabitsofthetwospeciesinNorthernCalifornia
shouldbeemphasizedDuringthewinterthereisacontinual
relocationofadultfemalefreebornifromplacetoplace
oftenmanymilesfromthelatesummercollectingsites
BaileyandBaerg1967Insharpcontrastpunctipennis
remainsquiescentinrestingsitesnearlyalwaysclosetothe
breedingareaandofteninaflattenedpositionnotmoving
fordaysatatimeThesedifferingcharacteristicsofthetwo
speciesarepointedoutbecauseoftheirimportantbearing
onthefamousepidemicof1833andwhatwebelievewas
theparteachspeciesplayedinthetransmissionofmalaria
totheIndiansfromthetrappersWebelieveAfreeborni
tohavebeenthevectoratJohnWorkscampattheButtes
inthewinterof183233andpunctipennistheprincipal
vectorintheMaiduIndianvillagesontheeastsideofthe
SacramentoRiverinthespringandsummerof1833During
theGoldRushbothspeciesundoubtedlywereinvolvedbut
freeborniprobablytothegreaterdegree

MinerlocalepidemicsofmalariaoccurrednearLodiin
193435andnearWintersin1938GrayandFontaine
1957describedbrieflytheconditionsTheshadedcamp

groundsoftheagriculturalmigrantsalongtheMokelumne
Riverpresentedanidealpunctipennistypebreedinglocale
Sleepingintheopenwastheruleandtheenvironmentwas
strikinglysimilartothatfoundbythetrappersintheIndian
villagesalongnearlyallthemajorstreamsenteringtheGreat
ValleyonehundredyearsearlierTheWintersepidemicalso
intheimmediatevicinityoftheIndianvillagesseenby
YoungandWorkin183233onPutahCreekwasamongthe
farmworkersinarecentlyconstructedGovernmentLabor
CampThiscampwasashortdistancenorthofPutahCreek
andsurroundedonthreesidesbyorchardsThewriter
livedonlyafewmilestotheeastandwasveryfamiliarwith
thefarmingareaanditsresidentsTothenorthofthecamp
wereirrigatedfieldcropssuchasalfalfasugarbeetsbeans
andasmallriceacreageOneofthelocalfarmersresiding
abouttwomilestothenortheastofthecampcontractedthe
diseaseHisfarmwaslocatedinanopenflatareaWhile
punctipenniswasthelikelyvectorahundredyearsearlier
whentheareawaswoodedinthiscasefreebornimost
certainlywasthecarrierTheonlyotheranophelineinthe
vicinityisAnophelespseudopuntipennisfranciscanusMc
Crakenanonvector

IntheLakeVeraCampfireGirlsCampepidemicof1952
Fontaineetal1954noextensivelarvalcollections
rearingsorpopulationcountsweremadeatthetimeBoth
freeborniandpunctipenniswerecollectedlateinsummer
bythewriterandRMBohartHoweverin1967RK
Washinoandthewriterfoundlarvaereadilyatthislocation
about2400feetAdultrearingsproduced76percent
punctipennisand24percentfreeborniThispercentagewas
almostexactlythesameasfoundfromextensivecollections
andrearingsmadefromanestablishedfarmpondat1400
feetelevationalsoinNevadaCountyunpublisheddataAt
theseCampfireGirlscampsonthelakepracticallynomos
quitocontrolwasdoneandsurprisinglycamppersonnel
interviewedhadlittleornoknowledgeofthe1952epidem
icInotherwordsallconditionswerepresentforfavorable
transmissionshouldanindividualwithanactivecaseof

malariaagaincomeintothecampingarea
Inrecentyearsthenumberofrecordedcasesofmalaria

inCaliforniahasincreasedgreatlyduealmostentirelyto
recurrentattacksinveteransreturningfromVietnamJohn
RWalkeroftheBureauofVectorControlStateDepart
mentofPublicHealthhassupplieduswiththetabulation
whichclearlyillustratesthetrendsduringboththeKorean
andcurrentconflictTable1

Theserelapsesarescatteredthroughoutthestatebut
themajorityoccurinmetropolitanareasorlocalitieslack
ingactivemosquitovectorsMinimalopportunitytherefore
ispresentedfortheinceptionofanepidemicHoweveran
increasingnumberofpeopleareacquiringthediseasevia
transfusionwithcommericalbloodFurtherasasignof
thetimesafewcaseshavebeenacquiredfromunsterilized
hypodermicneedles

Itseemstobeacharacteristicofmanwhitemaninpar

ticularthatwhereverhegoeshealterstheenvironmentHe
clearsthelanddrainsswampsimpoundswateranddigs
upthemineralstherebydestroyingwildplantsandanimals
Heusesupthenaturalresourcestohismaterialadvantage
andcreatesforhimselfanartificalenvironmentStudents
ofIndianlorebelievetheCaliforniatribeshadlivedherefor

morethan5000yearslargelyundisturbedandinbalance
withtheirenvironmentTheearlycoastalexplorersandthe



Table1ReportedcasesofMalariainCalifornia195070

YEAR TOTAL CIVILIAN MILITARY

1950 18

1951 258

1952 926

1953 429

1954 69

1955 132

1956 61

1957 40

1958 24

1959 25

1960 10

1961 14

1962 9

1963 25

1964 16

1965 42

1966 108

1967 223

1968 376

1969 564

1970 429

14

33

173

95

41

33

51

32

16

20

9

10

6

19

12

16

22

28

27

28

36

4

225

753

334

28

99

10

8

8

5

1

4

3

6

4

26

86

195

349

536

393

PadrescausednochangeintheinteriorThetrappers were

onthemovemostofthetimeandusuallykilledgameonly
toeatTheydidhoweveraltertheenvironmentindirectly
inasmallwayTheyremovedmanybeaverthatimpounded
streamsinthefoothillsandwhenthespringsnowmeltand
highwaterwashedoutthebeaverdamstheywerenotal
waysrepairedTheshorelinethuswaschangedandsome
breedingareasofmosquitoeswerealteredDuringthe1830
50periodverylittlelocalclearingofthelandwasdone
andearlygrainfarmingwasmostlyinopenhillydistricts
Followingthediscoveryofgold1850to1880drastic
changesoccurredUptoabout3000feetonthewestern
slopeoftheSierrasallthestreamswereminedandthegen
eralenvironmentgreatlyalteredasmentionedabove

Thepopulationincreasedveryrapidlythelatterthird
ofthecenturyandsettlementsbegantospringupthrough
outtheValleyManydiscouragedgoldseekersfoundother
occupationsandagoodnumberturnedtofarmingasthe
landwasmoreorlessfree Landclearingincreasedand
somewhatcrudeirrigationsystemswereestablishednearthe
endofthecenturyMalariathenbecamemuchmorecon
centratedinsuchvalleycommunitiesasMarysvilleTehama
andAndersonandformermininglocalesasSanJuanPen
rynetcWehavedescribedmalariainCaliforniainthepre
sentcenturybrieflyandmoreextensivetreatmentsofthe
subjectcanbefoundintheterminalreferencesAnthropol

1Nomalaria wasknownintheSpanishMissionsThosHG
AitkenUnivCalifPublinEntom73251945wroteThesex
ualphaseofthePlasmodiumrequiresforitscompletionatempera
tureof6116oraboveThesummerisothermof60Fcuts
offthegreaterpartoftheCaliforniacoastfromaboutSanLuis

Obisponorthward
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ogistssociologistsandgeographershavestudiedthechang
esthatcivilizationbringsaboutinnativetribesItisgen
erallyknownthatwhencivilizationmovesinitbrings
newdiseaseschangesindietclothesandhousingandthe
nativeshavingalowerorprimitivewayoflivingperishas
aresultoftheseculturalchanges

Todayanotherchangeintheformermalariousareais
takingplaceonasmallscaleFoothilllivingisbecoming
popularandalongwithitlakespondsandreservoirsare
beingwidleyestablishedManfeelstheneedtobenearthe
waterforlivingandrecreationSummercampssecond
homesgolfcoursesretirementcommunitiescommerical
troutpondsetcallhaveincreasedagainthepotentialfor
theincreaseoflocalfociofpunctipennisaswellasfor
freeborniinthelowerfoothillsfromabout2002000feet

PresentlyinthericegrowingdistrictsoftheGreatValley
wherefreebornimaintainsitselfinlargenumberswehave
theconditionknownasanophelismwithoutmalaria
Withtheneedtoconservewatermorecarefullyinthefu
turewecanexpecttoseemoreclosedirrigationsystems
TheValleyagriculturaltownswillgrowlandwillbecome
evenmorevaluableanddivertedtootherusesundoubtedly
reducingtheirrigatedacreageThedensityoffreebornithus
willbecomereducedproportionately

InAfricatheconditionsthatconfrontmalariacontrol

workershavebeendescribedbyHall1961Onthiscon
tinentAnophelesgambiaeahighlyefficientvectorcarries
falciparummalariatohundredsofthousandsofpeopleeach
yearHerearefoundunstablepoliticalsituationslong
seasonsoftransmissionsometimesextendingthroughout
theyearlabormigrationswidedispersalofhabitationsin
junglewarlackofroadsandotherfacilitiestoenabletrans
portationandcommunicationnomadismpovertyandilli
teracyandlackoftrainedprofessionalandadministrative
personneltogivenecessarydirectiontotheprogramsIn
contrastCaliforniahasaboutaswidelydivergentconditions
asareimaginabledistinctchangeinseasonswithalong
drysummerquitestableeconomicandpoliticalconditions
bycomparisonasuperiorcommunicationsystemthe
knowhowpersonnelandequipmenttoquicklysuppress
potentialepidemicsThetransmissionofmalariabymos
quitoesamongruralresidentsofthiscountryisgenerally
consideredtobeathingofthepastHoweverthepossibility
ofreintroductionstillexistswhilethediseaseispresentelse
whereintheworldTransmissionofthediseaseviacon

taminatedcommericalbloodbytransfusionandbyunster
ilizedhypodermicneedlesarebeyondtheprovinceofeco
logicallyorientedentomologists

Insummaryitcanbeseenhowecologicalconditions
haveinfluenceddirectlyorindirectlythehistoryofmalaria
inCaliforniaThelivinghabitsoftheIndiansandthepre
senceoftwonativeanophelinevectorsmadetransmissionof
thediseaseeasilypossibleonceitwasintroducedThe
changesanddisruptionsinthenaturalenvironmentwrought
bythewhitemanresultedinmarkedfluctuationsinthe
relativeabundanceofthemosquitoesintheminingand
farmingareasMorerecentlythegreatchangesinourliving
standardshaveallbuteliminatedthediseaseTodaythereis
littlefearofendemicmalariaasitcompetesverypoorly
withourmodernwayoflife
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SEASONALDISTRIBUTIONANDBEHAVIOROFCALIFORNIA

ANOPHELINEMOSQUITOES

StanleyF Bailey DCBaerg andHA Cristensen

Formanyyearsbiologicalandecologicalstudiesofma
lariamosquitoesbyentomologistswereofafieldresearch
naturebynecessityasapartofandtiedtocontrolThe
initialperiodofproblemsolvingwasledbyworksofFree
born19211926BradleyandKing1941Aitken1945
Markos1950andmanyothersThiswasfollowedbya
greatproliferationofinformationinvariousbasicphases
ofmosquitobionomicsincludingphysiologygenetics
photoperiodicityandcommunicationmuchofwhichhas
beenfinancedbygrantsandotherspecialfundsThisreport
bringstogetherdetailedfieldandlaboratoryobservations
gatheredattheUniversityofCaliforniaatDavisasapart
ofgeneralecologicalinvestigationsofthefourspeciesof
Californiaanophelines AnophelespunctipennisSayA
franciscanusMcCrackenAfreeborniAitkenandAocci
dentalisDyarandKnab

1UniversityofCaliforniaDivisionofNaturalSciencesISanta
CruzCalifornia95060

2GorgasMemorialLaboratoryBox2016BalboaHeightsCanal
Zone

STUDYAREAANDMETHODSThemainareaunderin

vestigationwasatransectofnorthernCaliforniafromthe
SierraNevadaMountainsatEmigrantGaptothePacific
OceanatPointReyesStationBaileyandBaerg1966
SupplementalsurveysweretakenfromtheOregonborder
southtoPismoBeachandfromthenortheasternportionof
theStateandthedesertareatothesoutheast

Itwasdifficulttolocatecomparablesemipermanent
breedingsitesthroughoutthetransectlargelybecauseof
pollutionbycattlevariableandunpredictableflushingby
springrainsandirrigationpracticesIntheSacramento
Valleyproperitwasraretofindanynaturalundisturbed
breedingareasNolarvaeofApunctipenniswerefoundon
theflooroftheValleyNearlyallstreambedshadbeen
filleddivertedormodifiedforirrigationorfloodcontrol
purposesAsaresultAfranciscanusalsooncecommonin
theValleywasfoundprimarilyintheperipheralfoothills
Asseasonalpoolsdriedparticularlyonthewestsidewhich
lacksthesnowmeltwaterseepageoftheeasternslopeit
wasnecessarytoshiftourcollectingsitestothosestillpro
ducinglarvae



Immaturesobtainedincollectionswerelaboratoryreared
toadultstoenablepositiveidentificationsAdultmosqui
toeswereaspiratedfromrestingstationsandtheirphysio
logicalconditiondeterminedvisuallyIndividualsthatwere
classifiedaswithbloodwerewhollyorpartiallyengorged
orhadaportionofthebloodmealdigestedwitheggsappar
entChristophersstageoffollicledevelopmentwasdeter
minedonlyinthecaseofoccidentalisManyhundredsof
adultandlarvalsamplesweretakenyearroundinalmost
everyconceivableplaceofrestingorbreedingTwospecies
franciscanusandoccidentaliswerestudiedindetailfor
doctoralthesesBaerg1967Christensen1968

LaboratorycoloniesofAfreeborniandfranciscanus
weremaintainedforseveralyearsandoccidentaliswascol
onizedforseveralgenerationsThesouthernstrainofocci
dentaliscommonlyreferredtoasfreebornibyvarious
writerswasmaintainedinlaboratorycultureforoverone
yearAttemptstoestablishabreedingcolonyofpunctipen
nisconsistentlyfailedalthoughthespecieswascollectedre
gularlythroughouttheprogramItisnotedhoweverthat
laboratorycolonizationofeasternstrainsofpunctipennis
havebeensuccessfulBoydandMulrennan1934DrMar
tinDYoungpersonalcommunication

DISTRIBUTIONEachofthefourspeciespresentsadis
tinctdispersalpicturewhichisbestdescribedecologically
VariouswritersHerms1921Aitken1945Freeborn
1949Markos1950FreebornandBohart1951Loomis
etal1956havegivenmanydetailsonthedistributionand
exacttypeofenvironmentinwhicheachspeciesisfound
Thisinformationneednotberepeatedhere

Ourextensiveseriesofcollectionsoftheaquaticstages
oftheseanophelinesaregiveninTable1Thetabulardata

Table1SummaryofAnophelesLarvalCollections
NorthCentralCalifornia196467

Area Species

Eastof franciscanus
Sacramento freeborni
River occidentalis

72Stations punctipennis

Westof

Sacramento

River

38Stations

Coastal

watershed

109Stations

TOTALS

219Stations

franciscanus
freeborni
occidentalis

punctipennis

franciscanus
freeborni
occidentalis

punctipennis

franciscanus
freeborni
occidentalis

punctipennis

NumberRelative

stationsfrequency
species ofspecies

occurredcollection

21 52

53 98

0 0

34 83

27 51

13 15

0 0

12 55

51 88

13 31

41 104

53 123

99 191

79 144

41 104

99 261

summarizeatotalof412collectionsat219stationsfrom

1964to1967Newfindingsofinterestmightbementioned
Larvalpopulationsweresampledextensivelyalongthe
northeasternborderofthestatein1966whichisthewest
ernedgeoftheGreatAmericanBasinAfranciscanuswas
foundinLassenandPlumascountiesAttheotherextreme
thisspecieswastakenneartheSaltonSeaat200feeteleva
tionIn1967thebreedingofoccidentalisinDelNorte
CountyatCrescentCityandatPismoBeachSanLuisObis
poCountywasverifiedInthepinebeltabove4000feet
anophelinesareveryrarelycollectedInopensagebrush
juniperareashoweverfranciscanuswasfoundinreceding
streamsupto5200feet

Wehaverecordedpreviouslythefindingofanoverlap
areanearNapawhereoccidentalisandfreeborniwerepre
sentNearandsouthwestofHealdsburgingrassysidepools
alongtheRussianRiverduring196567wefoundthese
speciesAfreeborniwascollectedatMonteRiofiveairline
milesfromtheoceanandoccidentaliswasobtainedfive

milessouthofHealdsburgwhichisthegreatestdistancein
landforthisanophelineDuringWorldWarIIinApril
1944theseniorauthorcollectedandrearedfreeborntaken
fromagrassyfreshwaterseepagepoolintheformerUS
MarineBasedairybarnatMareIslandNavyYardThissite
wasnotalongtheoceanproperbutwaslessthan100
yardsfromSanPabloBay

Noneworunusualrecordsofpunctipennisweregather
edAsthisspeciesisveryspecificinitshabitatitisntarly
alwayspossibletoanticipatethefindingofthelarvaeby
recognizingtheproperecologicalconditionsTheseniches
howeverareentirelyabsentinsuchareasasdesertregions
alkalinemarshespollutedfarmpondsandsnowfields
Evenwhenwhatappearstobeanidealenvironmentis
foundatmoderatetohighelevationsintheSierraNevada
MountainsnonehavebeencollectedbyusCarpenter1969
obtainedfreeborniat6000feetinSierraCountyAitkens
recordoffranciscanusinAlpineCounty7300feetstill
remainsunique

SEASONALINCIDENCETherelativeabundanceofano

phelinesvariesfromyeartoyearandlocalitytolocality
Severalimportantfactorsincludingthetotalrainfallandits
distributionthespringandsummermaximumandmean
temperaturesandthetypeandacreageofirrigatedcrops
andeconomicconditionsdirectlyorindirectlyinfluence
seasonalfluctuationsOurobservationsintwocontrasting
ecologicalareasinnorthernCaliforniathecoastalbeltand
theSierrafoothillsclearlyillustrateapredictablepattern
ofappearanceandabundanceofthefouranophelines

Thesestationswerenotsampledregularlyeachseason
thereforedirectcomparisonofthepopulationdensitiesof
theanophelinesinthesameyearisnotavailable

OnthecoastatPtReyesStation22larvalcollections
weremadebetweenJanuary7andDecember30of1966
Thedatagatheredfromanestablishedfarmpondaditch
andasmallswampwereasfollows

SeasonalRange
ofLarvae

Afranciscanus
Aoccidentalis

Apunctipennis

Jun21Oct29

Mar22Nov12

Mar22Nov12

TotalNo
Collected

185

1530
364



nofemales

ollected

percentblood
engorged
orgravid

ofemales

ollected

percentblood
engorged
orgravid

tofemales

collected

percentblood
engorged
orgravid

0 1 0 10 10

0 2 100 3 100

1 100 124 37 16 81

2 50 96 91 15 40

3 100 126 69 1 0

1 100 82 51 7 14

2 0 52 26 16 6

1 0 23 0 17 0

0 45 9 36 0

0 14 29 9 22

0 1 100 5 0

0 0 0

10 0100 566 0100 135 0100
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Table2SummaryofabundanceandseasonalfeedingactivityofAnophelinesinrestingstationsatPtReyesStationCalif

MONTH

1966

April
May
June

July
August
September
October

November

December

1967

January
February
March

TOTALS

Fromthesamelocationsinabandonedbuildingsanda
culvert23adultcollectionsweretakenoveratwoyear
period196667Table2Duringthesummerinthiscool
coastalclimatefranciscanuspersistsonlymarginallypuncti
pennisiscommonandwidespreadfreebornidoesnotoccur
andasisobviousbytheabovedataoccidentalisisthemost
abundantspeciesAspunctipennisdoesnotcongregatein
protectedstationsuntilthecolderrainyseasonbeginsthis
speciesactuallymaybemorenumerousbeforethistime

During196519visitsweremadetothefoothillstudy
areaWolfCreekfromMarch30toDecember16Atabular
summaryoflarvaefromasunlitestablishedfarmpond
1314feetelevationanditsshadedseepageditchisgiven
below

Afranciscanus
Afreeborni
Apunctipennis

franciscanus

SeasonalRange TotalNo
ofLarvae Collected

Jul1Nov19
Mar30Nov19
Mar30Dec2

518

299

1393

Samplesofadultanophelinestakenfromfarmbuildings
inthisareaduring1965andlessfrequently196667are
showninTable3Thesedataillustratetwogeneralizations
Firstinabrushyrockyhillareatheinnumerableresting
sitesresultindispersaloftheadultsThusmanmadestruc
turesundertheseconditionsgivemuchloweradultcounts
inrelationtothelarvaldensitySecondlyinthisareawhich
isapreferredbreedingareaforpunctipennisnotelarval
densitytheadultsdidnotcongregateinbuildingsbutwere
scatteredinshadythicketsadjacenttothepond

Theabovefindingscontrastwithresultsofourcollect
ionsfromabarnnearalongestablishedlocalbreeding area

westofVacavilleThelatterstationservedasanidealresting
siteofpunctipennisNobreedingoffreebornioccurredin
thearea

occidentalis unctipennis

ItisinterestingtocomparethefiguresobtainedbyHerms
1919inCaliforniasfirstmosquitosurveyin191617In
theSierracountieshefoundthatfreebornicomprised16
punctipennis67andfranciscanus17 IntheSacramento

Valleycountieshiscollectionstotaled82freeborni7
punctipennisand11franciscanusOurdataonanophe
linessampledfromtheNevadaCountystudyareain1965
66producedstrikinglysimilarfigures14freeborni63
punctipennisand23franciscanusIntheCapayValleyon
thewestsideoftheSacramentoValleyproperTable4our
196465adultcollectionsinsufficientlylargenumbersto
givegoodreliabilitygave92freeborni6franciscanus
and2punctipennisConditionsinthefarmingareashave
changedmuchmoredrasticallyinthepast50yearsthan
thoseinthefoothillsNeverthelessthecomparisondemon
stratesthatthereproductivepotentialofthesespecieshas
changedlittleinundisturbedareas

Otherseriesofcollectionsshowadifferentrelationship
InthecourseofextensiveflightrangestudiesofCulextar
salisBaileyetal1965COtrapswereemployedinthe
SacramentoValleyprimarilyinricefieldsThesetrapsin
37experimentscaught475408tarsalis18502freeborni
includingonemalethreefranciscanusandnopuncti
pennisAnophelinesarenotattractedreadilytothistypeof
trapasareCulexbutthenumberscapturedareanexcel
lentindexoftherelativenumberinflightinamajoragri
culturalarea

HOSTPREFERENCEANDBITINGACTIVITYInmost
casestheproximityavailabilityandrelativeabundanceof
severalacceptablewarmbloodedhostsappeartodetermine
thesocalledhostpreferenceMosquitobloodfeedingpat
ternsinCaliforniahavebeeninvestigatedbyReevesTem
pelisandWashino19641967Theyfoundthatmanisnot
acommonhostRabbitshorsesandcowsrankatthetopof
thelistofmammalswithotherdomesticmammalsaswell



Table3AdultAnophelinecollectionsandseasonalfeedingactivityinrestingstationsatWolfCreekRanchNevada
CountyCalifornia 196567

TOTALSmales 12570

aIncludesgravidspecimens

franciscanus

0100 49910

asrodentsmakingupthetotaltestedchieflybytheprecip
itinmethod

Inthefieldwehavebeenbittenbyallspecieswiththe
exceptionofoccidentalisthisanophelinereadilyfeedsupon
manunderlaboratoryconditionsAfreeborniandpuncti
penniswillbiteduringdaylighthoursandtheformeristhe
onlyonetoinvaderesidencesandbiteindoorsApuncti
penniswillseekbloodinopenshedsbarnsandatthe
mouthsofcavesoroldmineshaftsAlongthecoastalre
gionwherethreespeciesofanophelinesoccurcommonly
manyresidentswereinterviewedandnonecomplainedof
mosquitoesthesaltmarshAedesexcepted

Certainobservationscanbemadefrombloodfeedingdata
inoursamplesTables24NovemberandDecembernorm
allyarethemonthsofminimalfeedingandnopunctipennis
withbloodwereseenduringthisperiodDuringthewinter

freeborni

0100 1016

punctipennis

0100

95

inthecoastalareabloodengorgementwasmostconsistent
inoccidentalisAoccidentalisalsoshowedeggdevelopment
everymonthexceptAprilandNovemberUnfortunatelythe
verysparsepopulationoffranciscanusfoundonthecoast
makesitdifficulttodrawacomparisonwithpopulations
ofthespeciesintheotherstudyareasOnthewestsideof
theSacramentoValleybloodengorgedfranciscanusspeci
menswerecollectedeachmonthRestingstationswitha
highpercentageofimmigrantadultfreeborniCapayValley
exhibitedamuchlowerratioofbloodfedspecimensthan
thoseharboringastrictlylocalpopulationWolfCreekBe
causeofitsaggressiveandmigratoryhabitsfreeborniisthe
onlyanophelineinCaliforniaconsideredasapestmosquito

Thefalltransitioninfreebornifeedingbehaviorisvery
dramaticForexampleinwarmweatheronSeptember28
1965neareastNicolausSutterCountyintheheartofa

number

females

percent
blood

engorged

number

females

percent
blood

engorged

number

females

percent
blood

engorged

1965

May 4 0 0 0
18 0 0 0

June 3 0 0 0
15 0 0 0

July 1 1 0 2 100 4 100
15 5 33 0 1 0
27 11 33 0 0

Aug10 13 100 1 100 1 100
24 22 63 5 66 1 0

Sept9 12 0 0 4 100
21 14 29 1 0 0

Oct 5 12 0 3 67 0
19 5 100 25 13 4 0

Nov 4 4 0 24 55 5 0
19 2 0 lost 13 0

Dec 2 4 0 55 0 13 0

1966

Jan13 0 46 46 0 7 0
Feb10 0 23 23 9 2 0

Apr28 0 6 6 100 5 80

May26 1 5 5 100 0
Oct26 10 58 58 19 10 0
Nov16 6 58 58 7 4 0

30 3 73 73 1 10 0
Dec14 0 65 65 0 7 0

1967

Jan16 0 41 41 15 5 0
Nov 8 0 8 8 100 5 100

Table3AdultAnophelinecollectionsandseasonalfeedingactivityinrestingstationsatWolfCreekRanchNevada
CountyCalifornia 196567

TOTALSmales 12570

aIncludesgravidspecimens

franciscanus

0100 49910

asrodentsmakingupthetotaltestedchieflybytheprecip
itinmethod

Inthefieldwehavebeenbittenbyallspecieswiththe
exceptionofoccidentalisthisanophelinereadilyfeedsupon
manunderlaboratoryconditionsAfreeborniandpuncti
penniswillbiteduringdaylighthoursandtheformeristhe
onlyonetoinvaderesidencesandbiteindoorsApuncti
penniswillseekbloodinopenshedsbarnsandatthe
mouthsofcavesoroldmineshaftsAlongthecoastalre
gionwherethreespeciesofanophelinesoccurcommonly
manyresidentswereinterviewedandnonecomplainedof
mosquitoesthesaltmarshAedesexcepted

Certainobservationscanbemadefrombloodfeedingdata
inoursamplesTables24NovemberandDecembernorm
allyarethemonthsofminimalfeedingandnopunctipennis
withbloodwereseenduringthisperiodDuringthewinter

freeborni

0100 1016

punctipennis

0100

95

inthecoastalareabloodengorgementwasmostconsistent
inoccidentalisAoccidentalisalsoshowedeggdevelopment
everymonthexceptAprilandNovemberUnfortunatelythe
verysparsepopulationoffranciscanusfoundonthecoast
makesitdifficulttodrawacomparisonwithpopulations
ofthespeciesintheotherstudyareasOnthewestsideof
theSacramentoValleybloodengorgedfranciscanusspeci
menswerecollectedeachmonthRestingstationswitha
highpercentageofimmigrantadultfreeborniCapayValley
exhibitedamuchlowerratioofbloodfedspecimensthan
thoseharboringastrictlylocalpopulationWolfCreekBe
causeofitsaggressiveandmigratoryhabitsfreeborniisthe
onlyanophelineinCaliforniaconsideredasapestmosquito

Thefalltransitioninfreebornifeedingbehaviorisvery
dramaticForexampleinwarmweatheronSeptember28
1965neareastNicolausSutterCountyintheheartofa
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Table4AdultAnoplielinecollectionsandseasonalfeedingactivityinrestingstationsatCapayValleyYoloCounty
California196465

date

percent
number

females

1964

May28 1

June 8 0

23 4

July16 3

29 24

Aug11 31

25 12

Sept 1 1

11 9

15 12

22 14

29 24

Oct 6 28

13 11

20 12

27 55

Nov 3 34

10 28

17 18

24 10

Dec 1 19

8 13

15 20

29 11

1965

Jan 5 9

12 7

19 10

26 8

Feb 4 5

11 4

18 4

25 2

Mar 4 2

11 3

18 2

TOTALS 450

franciscanus

percentblood
engorgedor
gravid

0100

number

females

aFiveto19stationswerecollectedeachdatedependingonaccessibilityDatatabulatedfromstationscollectedtenormoretimesduring
studyperiod

ricegrowingarea3000freeborniwerecollectedfrom
underasmallbridgeThesemosquitoesdidnotattemptto
feeduponusinthefieldandonly903percenttooka
bloodmealinthelaboratoryInthefallofeachyearlarge
numbersoffreebornicongregateunderanabandoned
bridgeovertheSutterBypassinthecenteroftheSacra
mentoValleyonthesouthwestsideoftheMarysvilleButtes

freeborni punctipennis

percentblood
engorgedor
gravid

number

females

100 0

0 6

75 0 1

66 0 1

62 1 0 0

75 0 4

81 46 35 0

147 9 0

20 485 1 0

33 520 2 0

40 615 1 0

38 837 4 1

65 404 15 3

57 269 9 2

55 186 6 1

46 306 8 3

28 413 6 16

12 310 9 26

0 213 2 15

0 2155 1 6

0 181 4 18

22 133 3 9

20 154 8 13

0 234 8 14

22 68 6 5

0 91 4 5

0 114 15 3

14 72 6 2

0 59 9 6

25 60 18 4

50 63 38 2

50 40 80 1

0 8 50 2

66 7 43 0

50 0 0

6191 080 170 0100

percentblood
engorgedor
gravid

0

0

0

0

0

0

66

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

25

50

100

100

DuringlateSeptemberOctoberandearlyNovemberwe
haveestimatedover100000adultsrestingatonetimeun
derthisstructureandofthemanythousandscollectedonly
averysmallnumberattemptedtotakebloodItisinterest
ingtonotethatnootheranophelineswereseenhere

FLIGHTHABITSDuringthebreedingseasonanophelines
appeartodisperseveryshortdistancesfromtheemergence



sitesIfhostsareincloseproximitytheflightrangeneed
bebutafewhundredyardsorlessAsthewinterseason
approachesprecededbyaphysiologicalinterruptioninegg
productiontheflightrangeoffemalesisextendedAtthis
timeshelterednichesofferinggreaterprotectionthanthe
summerrestingaresoughtApunctipennisandoccidentalis
congregateinsheltersadjacenttothebreedinglocales
whilefranciscanusdispersesintosheltersoftenamilefrom
knownsummerlarvaesitesThemigratoryspeciesfree
borniistheonlyanophelinethatcanbefoundinsignifi
cantnumbersremotefrombreedingsitesFlightsintothese
winterhibernatingareassuchasCapayValleyTable4and
thefoothillsborderingtheSacramentoValleyTable5can
beobservedinthesamestationsfromyeartoyear

Afreeborniwasstudiedindetailbyusforfouryears
BaileyandBaerg1967Weconducted18releaserecapture
experimentswithmarkedmosquitoestotaling54800wild
caughtspecimenswitha0032recoveryFollowingthere
leases89685unmarkedand328markedspecimenswere
collectedatpreselectedstationsSomeofthemostimpor
tantfindingswereasfollows

Table5DistributionofAnophelinesinrelationto
altitudeinNorthCentralCalifornia196364

AStateHighway20WestCotusaLakeCo101319

Elevation

feet Numberadultfemalesinrestingstations

268

297

395

683

1300

1451

2040

2640

TOTALS

franciscanus freeborni punctipennis

335 37a 1187 0

380 18 369 0

640 22 108 0

790 9 57 0

817 3 24 0

1016 34 335 1

1055 1 5 0

1135 20 29 0

1725 307 35 0

TOTALS 451 2149 1

BStateHighway20EastYubaNevadaCo911130

2a 327

0 623
3a 466

0 220

0 16

0 56

0 1

11

8

13

7

32

12

3

0 2 0

5 1711 86

aIncludesmalespecimenslimitednumbersobservedandcollected
onlyinearlyfall
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Flightsasfaras175milesdooccuronthepartof
someindividualshoweverwefeelthegreatmajority
ofmosquitoesseekanddofindadequateoverwinter
ingquarterswithinfivemilesoftheirbreedingsitein
mostfarmingareas

Themeandistancefromthereleasepointfor18recap
turedmarkedmosquitoeswas305milesLargenumbersof
markedmosquitoes310didnotleavethereleasesiteorits
immediatevicinity

Themajorityofmarkedspecimenswererecapturedinthe
ricegrowingareaduringOctoberatthereleasesitesonly
duringcoldweatherinDecemberandagaininmuchsmal
lernumbersafterthemiddleofJanuaryduringthespring
movement

Movementoftheprehibernationpopulationintothe
foothillsatthemarginsofthevalleydefinitelytakesplace
uptoatleasttenmilesandabundantlyupto400feet
elevationseeTable5

Duringthewinterthereisacontinualrelocationofthe
semidormantfemaleswiththeexceptionofperiodswhen
thetemperatureisbelow45F

Thefemaleofthismosquitofreebornicommonlylives
fivemonthsinthewinterandoccupiesmanydifferentrest
ingsitesoftenmanymilesfromitspointoforigin

OVERWINTERINGInrecentyearsagreatdealoflabora
toryexperimentalworkhasbeenconductedonphotoper
iodicityinrelationtothephysiologicalcyclesanddormancy
ininsectsBeck1968andmorerecentlyWashino1970

Table6LifespanofcagedhibernatingfemaleAnophe
linesinnaturalrestingstationsNovemberMarch196667
Percentsurvivingwithsugarandwater

Holding
period franciscanusfreeborni occidentalispunctipennis
weeks 80females 80females 25females 80females

1 95 69 89

2 74 47 100 85

3 41 34 81

4 22 19 96 72
5 6 12 60

6 4 10 56 45

7 4 7 31

8 1 6 20

9 1 5 24 12

10 1 2 9

11 0 2 12 7

12 2 6

13 2 12 6

14 2 6

15 2 0 6

16 2 5

17 2 1

18 2 0

19 I

20 0

aLaboratoryrearedandtestedinPointReyesStationOctober
1967Minimumtemperatureapproximately33FOtherthreespe
ciestestedinDavisatatemperaturerangeof3862F
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havereviewedthehighlightsofthesubjectthelatterparti
cularlyinrelationtomosquitoes

Severaltypesofconditionsappeartoaffectordeter
minethenatureandcompositionofoverwinteringpopula
tionsoftheCaliforniaanophelinemosquitoesThefirstis
characterizedbypunctipennisinwhichtheadultsusually
originatefromverylocalizedandsomewhatisolatedbreed
ingfemalesthereforeareratheruniformlyagedindividuals
resultingfromthenormallatesummergenerationsInthe
seasonalstudyofthefarmpondintheSierrafoothillstwo
periodsofabundancewereobservedforpunctipennislarvae
withmaximumnumberscollectedonJuly15andOctober
19Thelatterproducedadultsthatentereddirectlyinto
hibernation

InastudybyWashinoandBailey1970itwasfound
thatpunctipennisnormallyoverwinteredasinseminatedfe
maleswhichdidnottakebloodmealsanddevelopedfat
bodiesduringSeptemberthroughDecemberIndividualvar
iationmayproduceoccasionalnonconformityasevidenced
byonegravidfemalecollectedOctober51964thatlaid
290eggsinthelaboratoryinthefirstweekandanother
collectedNovember221964thatproduced80eggsafter
11days

Weatherconditionssuchasheavylatespringrainfallmay
bedetrimentaltothelarvalpopulationbyflushingout
streampoolsUndertheseconditionsdiapausingfemales
mustarisefromapopulationmadeuplargelyofindividuals
hatchingfromtheearlyfallbrood

Amixedpopulationofoccidentalisoccurredinthefall
of1967Intheotheryearsiftheseasonallarvalpeakiswell
definedandisreachedinmidsummerahighpercentageof
thefalladultpopulationdoesnotenterdiapausebutcon
tinuestoreproduceWiththeexceptionof1967blooden
gorgedorgravidoccidentalisfemaleswerefoundfromMay
throughFebruary

Afreeborniaredistributedthroughoutawiderangein
latitudefromBoundryCountyIdaho455NlattoEl
PasoTexas32NlatInthesoutheasternsegmentcold
wintersundoubtedlyhaveagreatinfluenceonthecessation
ofitseggdevelopmentHoweverthisspeciesismarkedly
influencedbytheshorteneddaylighthoursoflatesummer
DepnerandHarwood1966Eachyearthemajorityof
freebornifemalescomprisingtheoverwinteringpopulation
exhibitgonotrophicdissociationinCaliforniaWashino
1970Theartificialbreedingareaofthousandsofacresof
ricefieldsintheSacramentoValleyisgenerallyinfested
withfreeborniBaileyandGieke1968andothershave
shownthatapeakoflarvaldensityisreachedinlateAugust
throughearlySeptemberThefieldsaredrainedabruptly
usuallybeginningearlyinSeptemberandcontinuinginto
OctoberOnSeptember121967atGrimesColusaCoun
ty93ofthelarvaecollectedfromtworicefieldsanda
seepageditchwerefirstandsecondinstarssuggestingthat
largenumbersofmosquitoesmightbeproducedduring
shortdaylighthoursunderspecialcircumstancesieinex
tensiveandundisturbedpondedareasandlatematuringrice
fieldsseealsoShermanandKramer1970Duringdrain
ageofricefieldsthelarvaeareflushedoutintoditchesand
sloughsorarestrandedinthemuddyfieldsbeforecom
pletingdevelopmentHowevermanydosurviveandthe
resultingadultsareofnearlythesameage

ThesamplingoffreeborniintheCapayValleyYolo
Countyshowedbloodengorgedfemalescompriseanywhere

fromlessthan1to15 ofthepopulationduringtheperiod
offallmovementIncontrastanisolatedbreedingpopula
tionintheSierrafoothillpondproduced15to55blood
engorgedfemalesfromOctober5toNovember4inadjacent
restingstationsTherewerethreefreebornilarvalabundance
peaksinthispondduringthebreedingseasonJune3July
27andSeptember21Theseexamplesillustratethetend
encyinthespeciesforsomeindividualstotakeblooddur
ingthefalltheextentdependingonlocalconditionsand
tophysiologicallydiverttheacquiredenergyawayfromegg
development

Onlyaverysmallpercentageofthemanythousandsof
wildfreeborniadultscollectedinthewintermonthslaid
eggswithinafewdaysafterbeingbroughtintothelabora
toryManyindividualsdevelopedeggs410daysaftertaking
abloodmealbutwithheldthemuntilinducedtooviposit
byremovaloftheirwingsWefindaspecificexampleinour
notesofagravidfemaletakenabouttenmileswestofDavis
onJanuary11965thatlaidimmediatelywhenbroughtinto
thelaboratoryTheseexperiencesobtainedasabyproduct
ofhandlinglargenumbersofwildadultfreeborni150000
arecitedtosupporttheconclusionsofWashino1970who
statedtheoverwhelmingmajorityoffemalesinSeptember
thatenterdiapausewerenulliparousNofurtherovary
developmentwasobserveduntildiapausewasterminated

therewasnoevidencethatanysinglefactorwasrespon
sibleforterminationofdiapause

Wehavefoundgravidfemalesandearlyinstarlarvaeof
franciscanusinDecemberatMeccainRiversideCounty
335NlatOtherinvestigatorsalsohavereportedthis
anophelinebreedinginsomepartofCaliforniathroughout
theyearindicatingthatoverwinteringspecimensareina
quiescentstateratherthanatruediapauseWashinoand
Bailey1970statedthatbloodengorgedfranciscanusina
fewinstancesonlydonotdevelopeggsinthefallandearly
winterintheDavisareaInthenorthernportionofthestate
breedingaswellasfeedinginthisspeciesnormallyceases
incoldweather

IntheSierrafoothillsandalongthecentralcoastline
franciscanuslarvaearethelastoftheanophelinestoappear
inthespringIn1965inNevadaCountythefirstlarvae
werefoundJuly1andin1966atPtReyesStationon
June21Thelarvalpopulationsincreasedtoamaximum
densityinlateAugustandpersistedatahighlevelwellinto
SeptemberSeptember21atthefirstabovementionedsite
andAugust30atthecoastalsiteSincethereusuallyarenot
distinctbroodsasinpunctipennisadultsofvariousages
andphysiologicalconditionprobablyenterthewinterquie
scentphasewiththeonsetofcoldweatherThereisalimit
edsurvivingadultpopulationtoinitiatebreedinginthe
springThecoolwaterislessfavorabletolarvaldevelop
mentoffranciscanusthanforotherCaliforniaanophelines

Theforegoingdataillustratesomeofthedifficultiesin
volvedinattemptingtocategorizethetypesofdormancy
exhibitedbythesespeciesWhiletheuniquerecordofa
lastlarvainthefallorafirstinthespringisnot
significantinitselfitisanindicationthatsomeindividuals
ofaspeciespopulationhaveaninherentcapacitytobe
activeandtosurviveextremeconditionswithinitsrange
althoughattimesinprecariouslysmallnumbers

FACTORSINFLUENCINGADULTANDLARVALPOPULA

TIONSTemperaturetheextremesandtheaveragemaxi
mumandminimumcanlimitthedistributionaswellas



seasonalabundanceofvirtuallyallmosquitoesOneanophe
linepunctipennisiswidespreadinNorthAmericabutseeks
larvalbreedingnichesprovidingacoolenvironmentMany
areasinwhichitoccursnormallyhavealowwintermini
mumHoweverthesheltersusedforhibernationwhether
naturalormanmadewouldhaveasomewhathighertem
peraturethanmoreexposedareasWehavecollectedfemales
ofallfourspeciesatreadingsinthelow30sinsuchin
stancesthemosquitoeswerereluctanttoflyandoftenwere
flattenedclosetotheparticularrestingsurfacesTheyall
seeklocationsprotectedfromthewindthusminimizing
desiccationInthemountainouscountiesofPlumasShasta
SiskiyouandTrinityfranciscanusfreeborniandpuncti
penniswerecollectedTheseareashavelowwintertempera
turesSinceoccidentalisisfoundonlyalongthecoastitis
notknownwhethertheadultscouldwithstandambient

temperaturesclosetofreezing
Limitedexperimentalworkhasbeenconductedbyuson

thisenvironmentalfactorAtaconstant43Fadultfran
ciscanusandpunctipennissurvivedfiveweeksasindicated
bynormalactivitywhentheywerereturnedtoroomtem
peratureFreebornilivednearlytwiceaslongTable6pre
sentsthedataobtainedonthelifespanofwildcollected
hibernatingfemalesexceptoccidentaliswhichwerelabor
atoryrearedexposedtonormalwintertemperaturesatlow
elevationsinnorthcentralCaliforniaSugarandwaterwere
availabletothecagedspecimensasinnaturetheadultsare
freetomoveaboutonwarmdaysandobtaintheseitems
necessaryforsurvivalTheagecompositionofthespecimens
obtainedinthefieldcouldnotbedeterminedAfrancis
canusappearedtobetheleasttolerantoftheprolonged
fluctuatingwintertemperaturesoftheSacramentoValley
ThisiscompatiblewithitsabsenceinIdahoWashington
andOregonexceptthesouthwesternsegmentwhereas
punctipennisandfreebornioccurwidelyinthesestates
StageGjullinandYates1952

Toleranceoftheadultsofthesespeciestohightemper
aturealsohasbeenviewedinthelaboratoryBaileyand
Baerg1966Inthesetestsspecimenswerenotprecondi
tionedacclimatedbeforeexposureThepurposeofthe
experimentswastodemonstratethatinnatedifferencesin
susceptibilitydoexistbetweenspeciesUndercontrolled
relativehumidityconditionsexposureto110Ffornine
minutesproduced100percentmortalityofalllaboratory
rearedspecimensexceptfranciscanusFemalefranciscanus
survivedupto14minuteswhilemalessuccumbedinone
halfthistimeHightemperatures90Fandaboveinthe
fieldhaveadepressingeffectontheadultpopulationof
freeborniBaileyandGieke1968Alsopunctipennisbe
comesscarceinhotsummerweatherKingBradleySmith
andMcDuffie1960reportedsimilarobservationsinLouis
ianaThecoastalspeciesoccidentalisispreventedfromin
vadingthevalleysopeningtothecoastbysummeriso
thermsIncoolsummerspenetrationintotheinterioris
greaterbutstillverylimitedOptimumconditionsforthis
speciesarefoundatPtReyesStationhavingverycoolsum
mersThemaximumreadingatwhichoccidentalishasbeen
collectedinarestingsiteis88FInthehotdesertregion
franciscanusistheonlyanophelineabletosurviveWehave
collectedadultsinaculvertatMeccaatgreaterthan95F
Thisspecieswascommonlyfoundinrestingsitesatthe
peripheryoftheSacramentoValleyat9597FOnone
occasiononlypunctipenniswascollectedat94andfree
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borniat101 Theseisolatedcasesaresignificantprimarily
inthattheyindicatetheapproximatetoleratedmaximaof
individualsbeforetheymayattempttorelocatethemselves
undernaturalconditions

Infieldbreedingsiteslarvaeofthefourspecieshavebeen
takenatwatertemperaturesinthe9199FrangeApunc
tipennislarvaehavebeenfoundatalowof44andthe
othersatapproximately55 Laboratoryexperimentsdem
onstratedthatat43Fallfranciscanusfirstinstarlarvaedie
withinfourdayswhereasfreeborniandpunctipennissur
vivetwiceaslongThiswouldsuggestthatinacoldspellin
earlyspringafteregglayinghasbegunfranciscanuscouldbe
eliminatedmorequicklyNonacclimatedlaboratoryreared
larvaealsoweretestedfortoleranceat108FDatagather
edindicatedfranciscanushasthegreatestandoccidentalis
theleasttolerancetothishightemperatureIneachspecies
adecreasedtolerancewasexhibitedbythesucceedingin
starsSimilarfindingswithfreeborniandotheranophelines
havebeenpublishedbyBarr1953

Strainsoffranciscanusfromthefarrangesofitslatitudi
naldistributionapparentlyhaveacorrespondinglygreater
abilitytowithstandtherespectivetemperatureextremes
Thiscapacityisevidencedbythehighdensityoflarvaeof
thismosquitoinalgalmatsinrecedingpoolsinhotcreek
bedsinsummerSeasonaldifferencesinlarvaltolerancewere
illustratedinoccidentalisbyalaboratoryexperimentEarly
seasonfirstinstarlarvaesuffered99percentmortalitywhen
exposedfiveminutesinwaterwithatemperatureof108F
Insharpcontrastlateseasonlarvaeexhibitedonly17per
centmortalityFourthinstarlarvaeofoccidentalisreared
at60and80exhibitedamarkedincreaseinabilityto
withstandthetemperaturerangeatwhichtheywerereared
SimilartestswerenotconductedwithotherspeciesWe
havefoundinothertestsutilizingathermalgradienttank
withwaterrangingfrom38to105Fthatlarvaeoffree
borniandpunctipennisandoccidentaliswhenintroduced
atthe7075areadistributedthemselvesrandomlyIndivid
ualsmovingintothelowerrangewerekilledorbecame
moribundasdidthosereachingthe93105area

Experimentsontheeffectofwatertemperatureonthe
growthoffreebornilarvaeBaileyandGieke1968showed
thatthismosquitocouldtoleratefluctuatingnaturalwin
terexposureinthe4072rangemean526 butonlya
fewindividualsmaturedandafter8184daysInthelabor
atoryatacontrolledtemperatureof55 whichisnearthe

thresholdforcompletionofdevelopmentofeachstagefor
allfourspecieslarvalgrowthoffreeborniwascompletedin
3162dayswitha66percentmortalityThemaximumtem
peratureatwhichfreeborniimmaturescandevelopsuccess
fullyisbetween90and95 withamortalityofabout
90 Theselatterstudiesweremadetoprovideageneral
toolfordeterminingpopulationdevelopmentinricefields
Variationsinthemortalityofearlyandlatebloodlarvaeto
hightemperatureandotherdetailsremaintobeinvesti
gated

Itisobviousthatthelateinstarlarvaecanmoveabout

quicklyandinafewinchescanfindlowersurfacewater
temperaturesinshadeamongplantgrowthordebrisin
thesummerthusavoidinglethalextremesThisperhapscom
pensatesfortheirdecreasedtolerancesincomparisonwith
theearlyinstarsHoweverinthelatewinteranentirepop
ulationischilledandindividualsarenotabletoseekamore
favorableenvironment
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Inconcludingthisphaseofthesubjectnamelythe
limitationsofanophelinestoorbytemperatureonehasto
readinthefactorsofinherentresistanceandadaptability
Additionallyitmustbeemphasizedthatlaboratoryexperi
mentsexposetheorganismtoartificialconditionsnotfound
innature

Manyotherfactorsbothphysicalandbiologicalhave
theirinfluenceonmosquitolarvaeSomeoftheseareread
ilymeasurableandothersarequiteelusiveanddifficultto
recordintheaquaticenvironmentSinceanophelinesare
surfacefeederswaterdepthapparentlyisoflittledirect
importanceLarvaecanbecollectedatthemarginsofreser
voirslakesanddeepforestpoolsregardlessofthetotal
waterdepthWatermovernenthoweverisquitecritical
Undisturbedwaterisnecessaryforfeedingpupationand
emergenceoftheadultThewindsweptshorelineofapond
orlakewillhavefewlarvaeincontrasttotheleesideOcca

sionallylarvaeinsmallnumberscanbefoundattheedge
ofacanalorstreambankamongalgalgrowthorpatchesof
grassbutawayfromthislimitedprotectiontheyareswept
awaybythewaterflowingpastAlgalmatsanchoredina
slowlymovingstreamcansupportlarvaeonthesurfaceeven
ifthewaterflowsbeneaththealgae

Inthedistributionalstudyoffreebornilarvaeinrice
fieldsMarkos1950statedthatvariationsinthedensity
ofthericeplantswithinnormalfieldlimitshadnoapparent
influenceonthenumberoflarvaethatdeveloped Research

personnelattheTennesseeValleyAuthoritywaterim
poundmentalsostudiedAquadrimaculatuslarvaldensity
indetailinrelationtothetypeanddensityofvegetation
Erectemergentvegetationsupportedorratheroffered
protectiontotheheaviestconcentrationsoflarvaeOur
observationsonfreeborniandpunctipennisinparticularin
dicatethisconditionreedserectgrassesTyphaspand
similarplantsaswellaswatercressinthecaseofpuncti
pennisharborthelargestpopulationsFloatingvegetation
particularlyaheavygrowthofLemmacanexcludemos
quitolarvae

Asanophelinelarvaeincreaseinsizetheyhaveatendency
toscatteranddistributethemselvesWhenalarvacomesin
contactwithotherlarvaeitreadilymovesawayfromthem
Crowdingofthelarvaerarelywasobservedinthefield
Thereappearstobesomecompetitionhoweverforthe
mostfavorableenvironmentalconditionsinrelationto

protectionshadefoodandtemperatureOurrecords
seldomshowmorethana015fourthinstarlarvaetaken

atonetimeinthestandardtypeofdipperMuchlarger
numbersofearlyinstarlarvaeespeciallyfranciscanusin
algalmatsoftenarecollected

Inthelaboratorycrowdingisafactorthatmustbecon
sideredinmaintainingstrongcoloniesandadependable
supplyoflarvaeInthestandardwhiteenameledpansnorm
allyemployedforlarvalrearingabout12x7inchesthe
concentrationsoflarvaehadtobeseriallyreducedduring
growthAfreeborniandpunctipennisaremostadversely
affectedbycrowding100fourthinstarlarvaeperpanwas
aboutthemaximumnumberthatcouldberearedwithout
nearlyconstantattentionThetendencyofthelarvaeto
clusterinthecornersresultedininjurybythechewingof
theirbristlesThelargelarvaecouldnotmaintainthemselves
atthesurfacefilmwithoutacomplementofsupporting
bristlesandsanktothebottomwheretheydiedafterafew
hoursTheselarvaealsowererenderedmoresusceptibleto

secondarybacterialinfectionparticularlyPseudomonas
Feedingeveryfewhoursreducedcannabalismandaided
inseparatingthelarvaeforlongerintervalsGrassclippings
algaeorexcelsiorinsomecaseswereusedtoprovideaddi
tionalfeedingsurfacesUpto300larvaeperpanoffrancis
canuscouldberearedsuccessfullyWhiletheadditionalfac
torsoftemperatureandlightwereinvolvedourlaboratory
investigationshaveshownthemorerapidgrowthrateand
agressivecharacteroffranciscanusenablethisspeciesto
clearlyassertitsdominancewhenrearedinpanswiththe
otherCaliforniaanophelines

OurcollectionsinnorthernCaliforniahavebeenmadein

watersvaryinginpHfrom64to103NotallfourCalifor
niaanophelineshavebeencollectedinwaterwithinthis
rangeofhydrogenionconcentrationalthoughpreliminary
laboratoryexperimentsindicatedtheycantoleratetheseex
tremesEssentiallythepHoffreshwatersuitableforano
phelinesinthisareaisnotofsufficientacidityoralkalinity
toprohibitlarvaldevelopment

Ofthethreeanophelinesinhabitingthecoastalarea
occidentaliswascollectedinthemosthighlybrackishwater
ieupto557seawaterTwootherspeciespunctipennis
andfranciscanuswerefoundinconcentrationsofto20
Thehighestsalinityinwhichwehavecollectedoccidentalis
hasbeen195dissolvedsaltsindicatingitreadilytolerates
brackishconditionsfoundatthemouthsofoursmallcoast
alstreams

Culicidologistshavemadefrequentmentionofanophe
linepreferenceforclearfreshsunlitwater Amongthe
Californiaspeciesallbutpunctipennisarefoundinthe
greatestsabundanceinasunnylocationWehavecomment
edpreviouslyuponthisphaseoflarvalpreferencesandits
possibleoveremphasisBaileyandBaerg1966Allfour
specieshavebeenrearedinbothcompletedarknesswith
theexceptionofafewminuteseachdaytoservicethepans
andcontinuouslightItshouldbenotedthatunderthesear
tificialconditionsnopredatorsortoxicbyproductsfroma
biologicalcomplexwereallowedtoexistoraccumulate
Thisleadstoabriefmentionofsuchinfluences

Inourstudieswehavenotexplorednutritionalandanti
bioticfactorsorpredatorsinfluencinglarvalpopulations
Christensen1968examinedoccidentalislarvaeforproto
zoanparasitesandbelievedthemtobeofgreaterimportance
thangenerallyrealizedConsiderableefforttodeterminethe
antibioticfactorsofbluegreenalgaeinricefieldswhich
appeartoinhibitanophelinelarvaldevelopmenthasbeen
madewithlittlesuccessbyGerhardt1956andWashino
1964Markos1950earlierhadreviewedthisandrelated
topicsInthepastfewyearsGambusiaseedingofrice
fieldsinlargequantitiesappearstoofferthebestpromise
ofsuccessfulmanipulationofthelarvalpredators

CONCLUSIONSIfthegrowthofthestatecontinues
togetherwiththeexploitationofthenaturalenvironment
weforeseeacontinualreductionintheacceptablebreeding
sitesofoccidentalisalongthenarrowcoastalstripandon
theotherhandanincreaseinthelocalpopulationsof
punctipennisinthefoothillareasRecreationalandsecond
homedevelopmentsintheSierraandcoastalmountainareas
from1000to3000feetelevationhaveimpoundedwater
anddependingonparticularplantgrowthandwaterman
agementadditionallymayfavorfreeborniWithpresentirri
gationpracticestheaggressiveveryadaptablefreeborniis
givenalmostunlimitedopportunitytomultiplyinricefields



pondingfromirrigationofmanycropsandinweedchoked
shallowcanalsControlofthisprincipalpestspeciesand
potentialmalariavectorwillneedtobecontinuedindefi
nitelyThefourthspeciesfranciscanusundoubtedlywill
persistinnocuouslyindesertandoutlyinghillareasinsun
litshallowpuddlesandstreampocketsremainingthrough
latesummerandfallifwatersarenottooheavilypolluted
Itiswellknownthatmodernurbanizationandmalariado

notgoforwardtogetherThusoveraprogressivelysmaller
areainthestateweshouldcontinuetoobservethecondi

tionknownasanophelismwithoutmalaria
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AMOVEMENTOFAEDESNIGROMACULISINSALTLAKECOUNTYUTAH

MovementsofAedesdorsalisoverlongdistancesinSalt
LakeCountyUtahhavebeenobservedanddocumented
SimilarmovementsofAedesnigromaculisaresuspectedbut
thespeciesisnotabundantandopportunitiesforcloseob
servationofmovementshavebeenlacking

InlateJuneof1971alargemixedbroodofAdorsalis
andAnigromaculisemergedonthe1600acreHoglefarm
abouteightmileswestandnorthofSaltLakeCityAbout
twothirdsofthemosquitoeswereAnigromaculisInten
siveinspectiondisclosednootherimportantsourceofthis
speciesatthistimeandthesourcesfoundwerecontrolled

OnJuly8aNewJerseytypelighttrapeightmilessouth
andslightlyeastoftheHoglefarmcapturedsevenAnigro
maculisThistraphadonlytakensixAnigromaculisinthe
tenpreviousyearsandthereisnoknownsourceofthespe
cieswithinfourmilesofthetrapOnJuly12thenumber

SouthSaltLakeCountyMosquitoAbatementDistrictPO
Box367MidvaleUtah84047

SaltLakeCityMosquitoAbatementDistrict463NorthRed
woodRoadSaltLakeCityUtah84116

INTRODUCTIONIncreasingresistanceofpasturemos
quitoestoavailableinsecticideshadmadereductionandor
eliminationofmosquitosourcesimperativeinseveralCali
forniamosquitodistrictsTheapproachestothiscommon
problemhavebeenasdifferentastherearedistrictsItis

logicalhoweverthatathoroughknowledgeoftheextent
ofthemosquitoproducingareainapastureisaprerequisite
toarrivingatanultimatesolutiontotheurgentproblem

Aratingsystemofevaluatingmosquitoproducingpoten
tialhasbeenreportedbyDavis1961andwastriedbyone
mosquitocontroldistrictinCaliforniaunpublishedThis
ratingsystemlistsandgradesthekeyfactorsinfluencing
mosquitoproductioninagriculturallandsandmaybecome
amostimportanttoolforfuturemosquitosourcepreven
tionprogramsTheratingsystemmaybeusedeffectively
todeterminethebestcorrectivemeasuretobetakento
eliminateasource

JayEGraham andGlenC Collett
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takenwas11onthe15thsixweretakenandoneonthe
19thResidentsinthevicinityofthetrapweretheclosest
humanpopulationtotheHoglefarmandnumerouscom
plaintswerereceivedparticularlyonJuly12and13After
thiscomplaintsrapidlydecreasedAllinvestigationsofcom
plaintsshowedbothAdorsalisandAnigromaculispresent
withthelatterbeingmoreabundant

Humanpopulationissparsesouthofthetrapandabout
amilefromthetrapthelandisdryfoothillswithoutagri
cultureorhumanpopulationSomeeightmilessouthand
eastofthetrapand16milesfromtheHoglefarmagolf
courseWestlandHillshasbeendevelopedOnJuly12
thisgolfcoursereportedlargenumbersofmosquitoesIn
vestigationprovedthemtobeAdorsalisandAnigromacu
liswiththelatterbeingmoreabundantNoknownmosqui
tosourceexistswithinfivemilesofthetrapandtheclosest
aretotheeastNoAnigromaculissourcesoradultswere
foundtotheeastuntilafterthismovementandresidentsin
theseareasreportednomosquitonuisance

OnJuly19someAnigromaculisweretakenintraps
stillfurtherfromthesourceandthesemayhavebeenmi
grantsbuttheevidenceisinconclusive

MAPPINGMOSQUITOPRODUCTIONAREASINIRRIGATEDPASTURESASAN
AIDTOSOURCEREDUCTION

DavidEReedandGeraldWFipps
FresnoWestsideMosquitoAbatementDistrict

POBox125FirebaughCalifornia93622

ThemostcommonpracticeinCaliforniamosquitocon
trolhasbeentousemosquitocontrolactivityspraying
andthecostthereofastheprimarymethodofevaluating
needforsourcereductionHusbands1970Engineering
surveysofirrigatedpastureshavebeenusedinmosquito
controlThisservicehasbeenprimarilyusedtodetermine
generalslopeoflandsothatproperdrainagefacilitiescould
beconstructedSomedistrictshaveconsideredactualmos
quitoproductionareasinpasturesbutmainlyingeneral
termsLittleifanyprecisebiologicaldataareavailable

Mappingofwaterareason280acresofirrigatedpastures
atthetimeofAedesnigromaculisfourthinstarlarvaeand
pupaewasdoneinTulareCountyReedunpublisheddur
ingthreeperiodsofthemosquitoseasonAprilJuneand
Augustinanattempttodelineateextentofmosquitopro
ductionareasinpasturesandalsoineffectsurveythelow
spotsofthelandSeasonalchangesofpondingareasin



pastureshavealsobeenreportedHusbands1953
Thereareapproximately10000acresofirrigatedpas

turesintheFWMADThebulkofthisacreageisfoundbe
tweenthecommunitiesofMendotaandKermanAblock

ofabout3800acresinthisareabelongingtotwoowners
wasselectedforstudyin1971Thepurposesofthisstudy
wastodeterminetheadultmosquitoproductionareainir
rigatedpasturestodevelopandorimprovefieldtechniques
forevaluatingthesemosquitosourcesandtoevaluatethe
workeffortrequiredtoobtainthesephysicalandbiological
dataThegoalistheeventualincorporationintotheDis
trictsscontrolprogramofasystematicevaluationofall
mosquitosourcesfortheirultimatereductionandorelimi
nation

DESCRIPTIONOFSTUDYAREADuetothelargeareain
volvedinthisstudyapasturebypasturedescriptionwould
betooextensiveThemostpracticalmethodistodescribe
eachranchanditsoperation

Thetworanchesarelocatedwithina15squaremilearea
boundedroughlybytheMendotaPooltothewestFresno
SloughonthesouthPlacerAvenuetotheeastandHigh
way180onthenorthTheareainpastureisalmostequal
inbothranches

DescriptionofRanchARanchAisownedand
operatedbyalargecorporationwithheadquartersoutside
ofCaliforniaandislocatedinthenorthwesterlyportionof
thestudyareaTwentysixirrigatedpastureswithatotalof
1862acreswereusedPasturesizerangedfrom10toover
200acresforanaverageof7177acresAllpastureswere
amileinlengthBordercheckwidthsrangedfrom30to
100feetFieldagerangedfromunderonetoovertenyears
Inmostcasespasturesweredevelopedfromnativeundis
turbedland

SoilsSoilsweremainlyoftheWaukenaPondand
Traverserieswithmoderatetohighsaltcontentsome
blackalkaliiscontainedintheWaukenasoilsTheseare
generallypoorlydrainedshallowsoilswithanaturalslope
of001feet

IrrigationWaterforirrigationwaspumpedfromten
wellsintopipelinesoropenditchesAbout416acresof
pasturewereirrigatedviaundergroundpipeandvalves
Waterfromthesewellswasalsousedtoirrigateothercrops
ontheranchalfalfasugarbeetsmiloIrrigationstarted
inearlyMarchandcontinuedonaboutatendaycycle
throughOctoberBordercheckswerefloodedforabout24
hoursInmanycaseswaterhadreachedthelowendofthe
checkbeforeirrigationwasstoppedTherewerefromfour
tosevenirrigationsettingsperfieldwith3to12border
checksfloodedatonetimeinapastureThelengthoftime
tocompletetheirrigationofafieldwasdirectlyrelatedto
thenumberofborderchecksirrigatedeachdayandorthe
sizeofthepasture

DrainageAllfieldsweresuppliedwithaVditch
drainatthelowendThisVditchproducedamoundor
ridgeonbothsidesoftheditchAcutwasmadethrough
thisridgeonabouteveryfifthkeyborderAdraincut
betweenbordercheckswasmadeatthelowendofthetwo
adjacentbordercheckstoallowwatertoflowlaterallyinto
thekeybordercheckSeveralfieldshadcutsintothe
drainditchinonlyoneoutof20bordersFielddrains
emptiedintoacommondrainwhichledtoa1sump
whichpumpedwaterintoanirrigationditchandwasre
usedor2gravityflowedintosloughandwaterreusedor
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3gravityflowedintonativepasturewhereitspreadout
PastureMaintenanceandManagementPastureborder

leveesweremainlyconstructedandrepairedorremoved
withaborderdiscTheeffectwastomakeasmallditch
alongbothsidesoftheborderforthelengthofthefield
Whenborderswerereconstructedlargeclodsofsoilmade
upthesebordersandnoattempttobreakuptheclodswas
made

Therewasgenerallynocattlerotationonfieldsover80
acresinsizeSomecattlerotationwaspracticedinaseries
ofsevenfieldsabout40acresinsizeHowevernoroutine
patternwasdetectedandverylittleattemptwasmadeto
movelivestockfromfieldsbeingirrigatedDuringthewin
termonthscattlewereremovedtomountainranges

Apracticeofmowingtallgrassesandplantswasnot
followedandinsomefieldsitappearedthatinsufficient
livestockwereplacedinfieldstokeepthemfeddown

Pastureswereseededwithacombinationofgrassesand
legumesMostfieldshadapoortoexcellentcoveroftall
fescuesomeryegrassandlittleofanyotherpasturegrasses
orcloversWeedscoveredlargeportionsofmanypastures
Themostcommonweedswerefoxtailrabbitfootgrassand
yellowstarthistlePortionsofmanyfieldswerealmost
withoutplantcoverBullrushandcattailswerefoundwhere
waterpersistedfromoneirrigationtoanother

DescriptionofRanchBRanchBisownedbya
companyheadquarteredinCaliforniaTheranchislocated
inthesoutheastportionofthestudyareaItconsistedof
54irrigatedpasturesranginginsizefrom16to54acresand
comprisedatotalpastureareaof1945acresTheaverage
sizeofeachpasturewas3473acres

Pasturelengthsrangedfromunder18miletriangular
shapedfieldsto mileinlengthExceptforthreefields
borderstripswere40feetwideBorderleveeswerehigh
wideandgentlysloping

Pasturesagerangedfrom2toover13yearsofageThe
bulkoftheacreagehadnoagriculturalcroppriortodevel
opmentintopastureAbout200acresofoldpastureswere
redonein1963and1964andabout160acreshadbeenin
alfalfapriortopasture

SoilsSoilsaremainlyoftheFresnoandTraverseries
withintrusionsofPondandCajonManydesertplayasare
foundthroughouttheareaTheseareallrathershallowsoils
withmoderatetoheavysaltsandslopesnotover01feetto
100feet

IrrigationAllpastureswereirrigatedfrompipelines
Eachbordercheckhadavalveleadingfromtheunderground
pipelineTherewere15wellssupplyingwaterforsevenirri
gationpipelinesystemsEachbordercheckwasfloodedfor
about24hoursthewaterremovedfromcheckwhenithad
reached200feetmoreorlessfromtheendofthefield
Irrigationsettingsrangedinnumberfromtwotosixper
fielddependinguponwidthofthefieldandtherewere1to
15bordersfloodedatonesettinginagivenfieldIrrigation
cyclewas10to15days

DrainageAVditchwithbanksatbothsidescon
structedtogradewasusedasadrainatthelowendofa
fieldsCutsintothedrainweremadeineverythirdor
fifthborderstripmuchasdescribedinRanchA Six

sumppumpspumpeddrainagewaterbackintotheirriga
tionpipelineTherewerehoweversixdrainsystemswhich
spreadintoundevelopedlands

PastureMaintenanceandManagementEachyeardur
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inglatewinterborderleveeswererepairedbyfillingbreaks
orlowspotswithsoilbroughtinfromotherareasofthe
ranchAllfieldswerefertilizedpriortothefirstflooding
inMarch

Withfewexceptionstherewerenocattleonwetfields
Cattlewereremovedtcthemountainrangesduringthe
winter

Pasturemixturesofgrassesandlegumeswereplanted
BermudagrasswascommoninmanyfieldsInmostfields
theseplantsareinevidenceingoodproportionWeedsare
inevidencebutrestrictedtosomeofthemoredifficultareas

tomanageWhenandwherenecessarytallgrasseswere
mowedwindrowedandbaledMostcommonpastureplants
observedweretallfescuebirdsfootcloverladinoclover
bermudagrassandannualryeMostcommonweedsobserv
edwerefoxtailbullrushsaltgrass

MATERIALSANDMETHODSInpreviousstudiesHus
bands1953ithasbeenfoundthatpondedareasinirrigat
edpasturesbecomelargerastheseasonprogressesTheaim
ofthisstudywastoevaluateasmanypasturesaspossible
duringtheperiodwhenmosquitoproducingpondswereat
aboutthemaximuminsizeItwasreasonedthatanypond
edareafoundduringthisperiodisapotentialproblemnow
orwillbeinfutureyearsshouldfarmmanagementpractices
remainunchangedForthepurposeofthisstudytherefore
datacollectedonlyduringJulyandAugustwereused

AnexperiencedDistrictInspectorOperatorcoauthor
wasassignedthefulltimetaskofcollectingfielddataData
werecollectedfromeachirrigatedpastureduringoneirriga
tiononlyThestudyareawassurveyedfordailyirrigation
patternsOnceirrigationwasstartedonapastureitwas
scheduledformappingCoordinationwiththezoneopera
torintheareawasnecessarytopreventchemicaltreatment
ofthefieldpriortosamplingandmappingDatesofeach
irrigationsettingwererecordedforeachfieldAbout48
hoursfollowingeachirrigationsettingthefloodedareaof
thepasturewasinspectedformosquitodevelopmentAn
estimateddatewasscheduledthenforlarvaesamplingand
mappingofwaterareas

Mappingofwaterareaswasdonewhenmosquitolarvae
reachedfourthinstarorpupaeOccasionallylatethirdand
earlyfourthinstarlarvaeproductionareaswererecorded
foreachfieldonworkmapswhichconsistedof812x11
inchquadrillepaperMapscalevariedsomewhatdepending
uponsizeoffieldtobemappedWaterareasweredrawn
onmapsintheirapproximatelocationandsizebypacing
thelengthofthechecksFieldmaprecordsweretransferred
tomapsscaledat165feetto1inchAreasknowntobedry
onpreviousinspectionswerenotpacedMappingcontinued
inthefieldduringthatdayuptothepointwherethirdin
starlarvaewerefirstobserved

MosquitolarvaesamplingusuallyprecededmappingFor
samplingpurposespasturesweredividedgenerallyintothree
parts theupper13middle13andlower13Drain
ditchesatthelowendwereconsideredaspartofthelower
13Watersleavingthepasturewerealsosampledandmap
pedbutconsideredseparatelyAtendiptransectacrossthe
checksoftheareamappedthatdaywastakenineachofthe
threepasturedivisionsIndivisionswhichhadnoponding
samplingwasconsideredaszerodipsApasturethenwhich
wasmappedinpartontwooccasionsduringoneirrigation
andwhichhadpondingthroughoutthefieldwouldbedip
ped60timesIfinthissamepasturepondingwasonlyin
thelower13only20dipsweretaken

Samplesweretakenwithaonepintwhiteenameldipper
havinginsidediameterof45inchesEachsampleoften
dipswasconcentratedwithahandconcentratorasdes
cribedbyHusbands1969Mosquitolarvaewerekilled
andpreservedin50isopropylalcoholandlateridentified
tospeciesandinstarinthelaboratory

Observationsonpasturewaterandlivestockmanage
mentwerenoted

Fieldtemperaturesweretakenbutmeangeneralarea
temperatureswerecomputedfromthedailyrecordsofthe
FirebaughCanalCompany

Mosquitoproductionareawasmeasuredbyagridsystem
madetocorrespondwiththemapscaleEachgridsquare
wasequivalentto025acresIngeneralagridwascounted
whenapondwasentirelywithinonegridregardlessofits
sizeorwhenpondingextendedabouthalfwayormorein
togridfromanothergridGridswithtwoormoreponds
wereconsideredasone

MosquitoproductionindexhasbeencalculatedbyHarm
stronetal1956astheaveragenumberoffourthinstar
andpupaeperdiptimesthebreedingareainacresOnly
thosewaterareascontaininglarvaeareincludedinthese
calculationsSurfaceareapertendipsamplewascalculated
byHagstrum1971as16feetwhichcanbeequatedas
625dipspersquarefoot

Forthepurposeofthisstudyallpotentialmosquitopro
ducingpondsinanirrigatedpasturewereusedtocalculate
fieldproductionindexBycoveringadistanceofabouta
footatadepthofaboutoneinchbelowthewatersurface
betweenthreeandfourdipsarerequiredtodiponesquare
footofwatersurfaceIncalculatingthemosquitoproduc
tionofeachfieldtheconservativethreedipsperfootwas
chosenToarriveatthecalculatedfieldproductionthefor
mulausedwasthen3dX43560Pa fp

where d

pa

fa

fp

RESULTSTherewere68ofthe80irrigatedpasturesin
thestudyareawhichweresampledandmappedduringthe
twomonthperiodstartingJune18andendingAugust12
1971Theareaofpasturesmappedamountedtoover80
ofthestudyarea30717acresTherewere24fields35
whichdriedupcompletelythusproducingnomosquitoes

Pasturesinthestudyareaweredividedintofiveyearage
groupsandaresummarizedinTables1and2Thefirst
fiveyeargroupingwasdividedintotwopartsThebulkof
thepastureswerefoundinthe6to10yearsgroupFigures

Table1Summaryofnumberofpasturesineachage
groupandsurveyaccomplishedduring1971instudyarea

Numberof

Pastures

Total

Mapped
Dry
WithPonds

MosquitoProducing

fa

larvaeperdip
mosquitoproductionarea
totalfieldacres

fieldproductionindex

Over

12 35 610111515Total

6 7 52 8 7 80

5 5 46 6 6 68

5 3 14 0 3 25

0 2 30 6 3 41

0 0 2 0 0 2



Table2Totalacresofpasturesineachagegroupshow
ingwaterconditionattimeofsurvey

Acresof

Pastures

Total 446

Mapped 214

Dry 171

WithPonds 43

MosquitoProducing 0

TotalPondingArea 1
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FIG2

1235610111515

Over

12 35 610111515 Total

38524492632653808
2332199 2453071
120 524 121 936

1131675180 1242135
113 314 0 1242049

19 180 4 341

180

3

113TOTAL
MIMAPPED

MOSQUITOPRODUCING

1235610111515
PASTUREAGE INYEARS

FIG1
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1and2Themajorityofthepasturesproducingmosqui
toeswerealsofoundinthisagegroup

Ithasbeencommonlypresumedthatolderpasturesare
morelikelytobecomemosquitoproblemsOurresultsgen
erallysupportthisideaFigures3and4Allpasturesin
the11to15yearagegroupweremosquitoproducersHow
evertheaveragesizeofthesourcepondedareawasthe
smallestinthissameagegroupFigure5Therewereno
pastures1to2yearsofagewhichproducedmosquitoes
Figure3

Calculatedmosquitoproductionwasgreatestinpastures
oversixyearsoldFigure6Howeverthismaynotbea
trueindicatorofproductionpotentialinthatthegreatest
acreageofpasturesisfoundinthisagegroupFigure2
Whenconsideringtotalpastureacreageover60000mos
quitoesperacrewereproducedinpasturesofthisagegroup
Whenconsideringthepondedareaonlyofeachagegroup
the11yeargrouphadthehighestproductionperacre
over600000Thismeansthatthesourcesweresmallerin
the11yeargroupandthatthelarvaldensitiesweremuch
higherthaninthe6agegroup

AedesnigromaculisandAedesmelanimonwerefound
aloneandtogetherinpasturesHoweverduringtheperiod
ofthisstudyallpasturesproducingmosquitoeshadA
nigromaculisbutonly57containedAmelanimonA
nigromaculisdensitiesincreasedasfieldsagedwhereasden
sitiesofAmelanimondroppedFigure8Mostofthepas
turesweredevelopedfromnativelandhighinsaltCould
thesuccessindesaltingthislandbemeasuredbythedrop
innumbersofthemoresalttolerantAmelanimonandthe

subsequentincreaseofthelesssalttolerantAnigromaculis
Mosquitoproducingpasturesweredividedintothree

groups1thosewithproducingareasatthelower13of
thefieldonly2thosewithproducingareasinthelower
23ofthefieldand3thosewithmosquitoproductionarea
scatteredthroughoutthefieldAllpasturesinthisstudy
fellintothefirstandthirdofthesegroupingsTherewere
eightpastureswithproductionareasscatteredthroughout
thepastureandwerealllocatedinRanchA Inthese

fieldspondingtendedtoincreasedownfieldFigure9
DensitiesofAnigromaculisalsoincreasedinadownfield
directionFigure10Thedifferenceshoweverarenot
verygreatThereweregreaterdifferencesinlarvaldensities
betweenthelower13ofpasturesinRanchAwithpond
edareathroughoutthefieldLTandpastureswithpond
ingatthelower13onlyLoFigure11Larvaldensities
inRanchB whichonlyhadpondingatthelower13of
thefieldwerealsohigherthanthosefieldsinRanchA
withpondingthroughoutbutlowerindensitythansimilar
lydescribedfieldsinRanchA Theexistenceofadrain

mayaidsubstantiallyintheconcentratingoftheselarvae
atthelowend

DISCUSSIONThesurveyofirrigatedpasturesusedinthis
studywasbiologicalengineeringinnatureinwhichexisting
waterwasusedasalevelatthetimeofmosquitoproduc
tionAlthoughnomeasurewasmadeofthegradeofthe
landgoodindicationsofthegradecanbemadesimplyby
observingthewaterpatternsinthefieldGenerallypastures
withlargepondedareasscatteredthroughoutthefieldhave
beenleveledwithalmostnogradeFieldssoleveledrequire
watermanagementcompletelydifferentfromthosefields
whichhaveagradeof01ftper100ftormoreForex
ampletheconstructionofbordersinflatfieldsmustbe
higherandwidertobetterhandleagreaterheadofwater
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Figures12and13illustratepastureswith12mileand4
milerunsinwhichpondingisatthelowerendAlthougha
drainexistsinbothfieldsitisobviousthatsomethingisim
pedingcompletedrainageTheVconstructionofthe
drainditchprovidesthisimpedimentByeliminatingthe
upfieldbankofthisdrainreductionofthepondingwould
bealmostcompleteWatermanagementmaycareforthe
balanceoftheponding

Theconditionsillustratedinfield23Figure14repre
sentacompletelydifferentproblemThemajorponding
areasinthispasturearefoundintheupper13indicating
almostnogradeSoilcompactionandsinkinghasoccurred
inthisupperportionItcanalsobenotedthatonceirriga
tionwaterspassedmidfielddrainagewaspossibleCom
pactingandpondingduetocattletrailsareeasilyobserved

8

51015 25X1015
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PASTURES PRODUCING MOSQUITOES

inthealmostdiagonallineofpondsstartingatalmostmid
pointinthepastureandproceedinginasoutheasterlydirec
tionLongitudinalpondsfoundonmarginsofchecksadja
centtoborderridgeareborrowpitsorchannelstheresult
ofbuildingthepastureborderswithaborderdiscNothing
shortofcompletelyredoingthispasturewilleliminateitas
asourceHoweverbyrebuildingthebordersleavingno
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borrowpitseliminatingtheupfieldleveeoftheVditch
draintheapplicationofsoilconditionersandrapidflood
ingofeachborderstripthemosquitosourcemaybemater
iallyreduced

Themethodsusedtoacquiretheinformationcontained
inthisstudyobviouslytooktimeThefielddatawerecol
lectedinitsentiretybythecoauthorDuringtheperiodof
thestudytherewere396workinghoursinvolvedAbout
409ofthistimewasspentcollectingfielddataand284
ofthetimewasspentinthelabandofficeAlargeblockof
time30 wasspentinotherrelatedorunrelatedDistrict
activitiesFigure15

Theobjectiveofthisstudywastomapproductionareas
of80irrigatedpastureswhichcoverroughly3807acresof
landintwomonthsduringmidseasonJulyandAugust
Thiswas80accomplishedHoweverhadallthetimefor
activitiesunrelatedtotheprojectgonetothatproject
over3782acreswouldhavebeenmappedItmaybethen
concludedthatamosquitoabatementdistrictcansystem
aticallymakeprecisemapsofproducingareasinirrigated
pasturesattherateofalmost2000acrespermonthper
operatorusingskilledorsemiskilledpersonnel

Byincorporatingaroutineofprecisemappingofmos
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quitoproducingareasinirrigatedpasturesandothersimilar
sourcesintothedistrictsprogramseveralbenefitsandaids
canbeexpectedtowardstheeliminationandorreduction
ofthesesourcesItcan

1Helpintheplanningofthedistrictssourcereduction
programbyindicatingwherethedistrictneedstoputits
effort

2Serveasanaidtosourcereductionplanningbygenerally
categorizingpasturesieathoserequiringimproved
watermanagementonlybthoserequiringadrainorre
turnsystemcfieldrenovationdfieldreleveling

3Beusedtoestimatetherateinwhichthesourcereduc

tionproblemscanbetackledThishascertaindefinite
budgetaryimplications

4Beusedasatoolintalkingtothelandowner

5Beusedtoperiodicallyreappraisetheproblem

6Aidinfutureinformationgatheringofdatafromthe
totalpastureenvironment
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FIG15

OPERATORTIMEDISTRIBUTION DURINGJULY

ANDAUGUST1911EXPRESSEDINPERCENT OF

396TOTALWORKING HOURS

Althoughgatheringofthesedataasdescribedinthispap
eristimeconsumingandtediousthetimespentmaybe
wellworthwhileinthelongrunInthefuturehowevercol
lectingdatawillbespeededupconsiderablybytheuseof
aerialphotographyButevenwithaerialphotography
groundsurveyswillformanessentialpartinthefinalevalu
ation
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knownaswellastheirinefficiencyaspredatorsinhabitats
withemergentvegetationBay1967Hoyetal1971
Gambusiahavealsobeenassociatedwithoverproduction
ofgreenalgaeandsubsequentincreasesinmidgesThese
fisharegenerallynotveryusefulforcontrolofmosquitoes
intemporarywatersituationsandthereforearenotsuit
ableforAedesorCulexpipiensquinquefasciatuscontrolun
lessplantedartificially

ThecommoncarpCyprinuscarpioLandgoldfish
CarassiusauratusLareeffectivepredatorsofmidgelar
vaeBayandAnderson1965Howeverthelargersizeof
theformerandhabitsofmuddyingwaterandinterference
withgamefishspeciesbybothunfortunatelyoftenrestrict
themforwidespreaduseininsectcontrolKimseyandFisk
1969WehavenowsecuredavarietyofCcarpiotheKoi
whichwaspurposefullybredinJapanforornamentalponds
Koiarebrightlycoloredinvarioushuesfromgoldtolight
blueandwhiteTheydonotbecomeaslargeasthecom
monvarietyandarequitetameOurdatashowthemtobe
effectiveinmidgeandmosquitocontrolinourexperimental
ponds

TheguppyPoeciliareticulataPetersoriginallyfrom
northeasternSouthAmericaisespeciallytolerantofpollut
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edwaterandiswelladaptedtosewageoxidationponds
Althoughveryeffectiveasamosquitopredatoritscontrol
capabilitiesonmidgesisnotyetprovenThisspeciesfor
agesmoreeffectivelythanGambusiaamongstaquaticvege
tationandalgalmatsanditsfecundityisgreaterBay
1967Howeverbeingatropicalspeciesitislesstolerant
ofcoldwaterthanGambusiaanddeclinesbelow45F

TheannualfishCynolebiasbellottiiSteindachnerwith
originsinthehigherlatitudesofSouthAmericaaround
centralArgentinaisespeciallyadaptedtointermittentwater
iffloodingoccursinwinterThisfishhassustaineditselfin
shallow15ftpondsatRiversideforsixyearsItisavor
aciouspredatorofmosquitoesandmidgesincoolwater
andbreedsprolificallyThemalesareiridescentblueduring
spawningwhichtakesplacescarcelythreeweeksafter
hatchingTheyoungfryarecapableofconsuminggreat
quantitiesofmosquitoesandmidgesduringthisrapid
growthperiodCynolebiaswasstockedintheSacramento
Valleyricefieldsduringthemid1960showeveritisdoubt
fulthatestablishmentoccurredbecauseautumnistheap
propriatemonthforbreedinganddriedeggincubationareas
werenotmadeavailableThisspeciesmightreadilyadapt
toduckclubsituationswherethewaterisdrainedduring
summermonthsTheeggsofannualfishrequireatleastone
monthofdroughttoactivatetheembryowhichremain
viableinthecakedmudofdrypondbottomsBay1966
LittleisknownaboutthegamequalitiesofCynolegiasal
thoughtheyrarelyreachacatchablesize34inchesin
length

TheAfricangenusTilapiahasrecentlygainedattentionin
theSouthwestaswarmwatergamefishThreespecies
TilapiamossambicaPetersThornorumTrewavasandT
zilliiGervaiswereintroducedinCaliforniawherethey
arebeingevaluatedformosquitoandmidgecontrolAll
threeconsumethefloatingmatsofgreenandbluegreen
algaecleaninguptheirhabitatintheprocessFig2In
additionTzilliifeedsdirectlyonemergentaquaticvegeta
tionincludingcattailsundercertainconditionsofstress
Thesefishwillfeedonmosquitoesandmidgesdirectlyby
foragingthroughtherespectivebreedingsitesAtRiverside
thegrowthrateinwaterat80Fisrapidfromonetoeight
inchesintwomonthsTheyareapparentlypoorlyadapted
tosewageaffluentpondsasa1964studyinSanteeCali
forniademonstratedStAmant1966whichcouldin

Fig1AquaticResearchAreaoftheUniversityofCali
forniaRiversideshowingthefishquarantineandbiologic
alcontrolsection

volvehighphosphateconcentrationsasshowninotherstud
iesHallockandZiebell1970

TmossambicarangesfromfreshtooceanwaterHick
ling1961Coldwaterof55Fandbelowcausesitsde
clineandeventualdeathStAmant1966Thereforeun
lesswarmwaterretreatsareavailableasforapopulationof
TmossambicaintheextremesouthernpartofCalifornia
thespeciesdeclinesandmustberestockedeveryyearHow
everTmossambicaisextremelyprolificandwillnormally
reproducetosufficientnumbersformosquitocontrolin
23monthsafterstockingHallockandZiebell1970

ThornorumTrewavasiscloselyrelatedtoTmossam
bicawithsterilemalesbeingproducedfromthecrossbe
tweenthemThesemalesarevoraciouspredatorsofbenthic
organismsandmosquitoesHallockandZiebell1970and
couldbeemployedwhereitisnotdesirabletointroduce
breedingstockHoweveraninitialtrialwiththesehybrids
inCaliforniaformidgecontrolwasunsuccessfulStAmant
1966

Therearemanyspeciesofforeignpredatoryfishcitedin
theliteraturethatwouldmakedesirablecandidatesforbio

logicalcontrolofaquaticinsectsManyofthesearelistedin
Frey1961andareoftropicaloriginsForexamplein
SouthAmericathegenusGeophagusisreputedforitshabits
ofsiftingthroughthebottomsedimentsofpondsandlakes
extractingbenthicorganismsforfoodInsouthernMexico
somespeciesofGambusiaexistthatpossesssimilarhabits
Almostanybookonfishcontainsreferencestothepreda
toryhabitsofspeciesthatmightbeworthwhiletoinvesti
gateThetropicalfishespeciallypossessthehighfecundity
andvoracityrequiredforpracticalbiologicalcontrol

Howeverbeforeadditionalexoticimportationsare
soughtourownnativefishfaunawillbeinvestigatedThree
generathechubsGilathepupfishesCyprinodonandthe
sticklebacksGasterosteushavenotbeenstudiedfortheir
mosquitoandmidgecontrolpotentialThesefishhavethe
advantageofbeingclimaticallyadaptedinCaliforniaand
couldbecomedesirableinsectcontrolpredatorsifintroduc
edintoproblemareas

INVERTEBRATEPREDATORSFordecadesthepreda
torycapabilitiesofhydraCoelenteratahavebeenlauded
inmosquitopredationHamlynHarris1929Stephanides

Fig2Checkexperimentalpondinrightforeground
showingfloatingmatsofalgaeascomparedtoclearpond
onleftcontainingfivepairsofTilapiamossambicaThefish
requiredlessthanaweektocleanupthepondoneofthree
replicates



1960Twinn1931QureshiandBay1969demonstrated
somecontrolresultswithHydraamericanaHymenonCulex
peasSpeiserIncollaborationwithDrHowardLenhofof
theUniversityofCaliforniaatIrvineacomprehensiveeval
uationofseveralhydraspeciesinpracticalmosquitoand
midgecontrolhasbeenlaunchedAlreadywehaveobserved
thatsomespecieskillmoremosquitolarvaeinagivenperiod
oftimethanothersandthattheyaredifferentiallytolerant
ofpHandwatermineralcontentAtlowoxygencontent
orwatertemperatureshydrarollupincompressedshapes
thataresuitablefordirectsprayapplicationtoproblemha
bitats

AnotherinvertebratetheplanariaTurbellariahasdem
onstratedexcellentmosquitocontrolunderexperimental
conditionsatRiversidePlanariaareconsiderablylargerthan
hydraandmightbemoresuitedtoforagingindenselymat
tedhabitats
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controlprogrambecamepossible
TodaysprogramintheDeltaMADconsistsofaoneman

oneJeepperzonephilosophyWeemploythirteenperman
entinspectoroperatorsandbackthemupwithallthesup
portiveservicesandequipmentthatseemsdesirableTheop
eratorischargedwiththeresponsibilityofdevelopingthe
programinhiszoneincludingmappingandrecording
sourcestheinspectionandtreatmentofthosesourcesdur
ingthebreedingseasonandconsolidationofrecordsat
seasonsendOtherwinteractivitiesincludemaintenance
andoverhaulofDistrictvehiclesandequipmentbuilding
andgroundsupkeeptheupdatingofmapsandrecordingof
cropsplusthetakingofaccruedvacations

Duringthepeakperiodofmosquitodevelopmentour
basiccrewissupplementedbytheadditionofapproximate
ly22seniorhighschoolandcollegemenAtthistimeour
permanentinspectoroperatorsresponsibilitiesaregenerally
reducedtothecontrolofthepasturemosquitoAedesni
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gromaculistheencephalitismosquitoCulextarsalisand
thefloodwatermosquitoAedesvexansThetreehole
mosquitoAedessierrensisisaseverepestintheearlysea
sonandiscontrolledbyairplaneadulticidingthelarger
sourceareasandsometreesurgerybytheowneronasmal
lerscaleThesummermenassumethejobofhandlingthe
housemosquitoCulexquinquefasciatusandothermosqui
toesoflesserimportancethefoulwaterCulexpeasthe
AnophelesandtheredbodiedCulexerythrothorax

Thejobassignmentsofthesesupplementalsummercrew
menhaveevolvedduringseveralyearstoafairlysetpattern
TheDistrictisdividedintosevenzonesindependentofour
permanentcontrolzonesandonemanismaderesponsible
fortheinspectionandtreatmentofallhousemosquito
sourcesinazoneHeistrainedtofollowthispatternfirst
eliminatethesourceifpossibleIfthiscannotbedonemod
ifythesourcebytheplantingoffishremovalofweedsor
makinganyotherenvironmentalchangethatwilldiscourage
mosquitoproductionIfneitherofthesepracticesispossible
hewilltreatthesourcewiththeappropriatematerialWhere
contaminationbyinsecticidaltreatmentisundesirablehe
willuseasurfactantorundersomecircumstancesoilThe
sourcerecordsheworkswitharetheresultofyearsofprem
isebypremisesurveyandarekeptcurrentbycontinual
resurveybyanothergroupofthesesummermenTwomen
takecareofthetreatmentofallthedairydrainsumpsona
twiceweeklybasisandonemandrivingarighthanddrive
Jeeptreatsallthecatchbasinsstormdrainsandsewage
lagoonsintheDistrictWeassignonemanasamechanics
helperandwehaveonemancalledaspecialproblemstech
nicianwhotroubleshootsallothersituationsneedingat
tentionOurDistricthasforseveralyearsbeeninvolvedin

Inmyintroductiontothefutureroleofoperationalper
sonnelinmosquitocontrolworkIwillhavetorelyon
manypastyearsofsprayingoperationsIamsurethatmost
ofyouarefamiliarwithOrangeCountyanditschangefrom
anorangeproducingdairyfarmingchickenranchingcenter
tothefastestgrowingpopulationcenterinallofthewest
ernUnitedStatesDuringthepast20yearsthepopulation
hasincreasedoverseventimestooneandonehalfmillion

people
Indescribingtheroleoftheoperationalpersonnelofthe

futureIwillhavetosaythatthepresentoperatorisatech
nicianwhencomparedtotheoperatorofthe1940sMos
quitocontrolespeciallyinurbanareasstilldependsonthe
repetitiveuseofpesticidesandtheircontinuedusewillbe
requiredintheforeseeablefutureTheuseofmodernpesti

FUTUREROLEOFOPERATIONALPERSONNEL

AlbertHThompson

OrangeCountyMosquitoAbatementDistrict
PostOfficeBox87SantaAnaCalifornia92702

thestudyofseveralspeciesoffliesoflocalimportanceand
twoofoursummermenworkwiththemanagerentomolo
gistindevelopingthisprogram

Earlierinthispresentationitwasnotedthatsupportive
serviceswereprovidedourfieldmenasneededTheDis
trictownsonePiperPawnee235andemploysafulltime
pilotwhoworksdirectlywiththeinspectoroperatorsona
dailytreatmentscheduleRoutineweedcontrolisperform
edasneededonsewagepondsanddairydrainlagoonsby
oilingandburningduringtheseasonandsupplementedby
theapplicationofsoilsterilantsinthefallAconstantflow
ofinformationispassedtothesourcereductionunitofour
programwhichinturnengineersandconstructsthedesira
bleinstallations

Wefeelwehavetheknowledgetheabilityandtheequip
menttoavoidthedevelopmentofgeneralwidespreadpop
ulationsofanymosquitospeciessolongaswehaveavailable
aneffectiveinsecticideDailyassessmentofservicerequests
legcountsinpasturesourceareasrestinghousemosquito
adultcountsandimmediateposttreatmentrecordstogether
withfluidmanpowerassignmentpracticespermitustoi
dentifyandcontainmostpopulationincreasesonarelative
lylocalizedlevelHowmucheffectthedevelopmentofre
sistancetoavailablelarvicidesmayhavewecannotforetell
butitisreasonabletopresumethatsomemodificationof
thisprogramwillbeindicatedsoonandwerehopingtobe
ready

MentionshouldbemadeinclosingthattheDistrictis
cognizantofaneeditcanfillinthestudyandprogramde
velopmentforthecontrolofotherpublicpestsandwith
thisinmindhasinauguratedstudiesonthefliesmidgesand
gnatsoflocalimportance

ciderrequiresathoroughknowledgeoftheirlimitations
Themodernoperatormustbewelltrainedandexperienced
intheirapplicationHemustberesponsibleinmakingdeci
sionsinthefieldonwherewhenandhowtheyaretobe
appliedThefutureroleofthemosquitocontroloperator
willbetomakeuseofallknowntechniquestopreventmos
quitobreedingbyuseofnaturalandbiologicaltechniques
andbywatermanagementmethodsThemostimportant
functionoftheoperatorofthefuturewillbetomeetthe
publicinthefieldandthroughcooperationandeducation
preventtheexistenceofapublicnuisance

OrangeCountyMosquitoAbatementDistricthascon
stantlystrivedtomaintainanuptodaterecordandmap
pingsystemofallfieldfunctionsperformedbyeachopera
torInadditiontosprayingandinspectionthepresentday



operatormusthaveanextensiveknowledgeofrecordsman
agementPrecisemappingofallmosquitobreedingsources
andaccuraterecordingofallcontroloperationswillbere
quiredoftheoperatorAsurbanareasdevelopthemos
quitobreedingsourcesbecomemuchsmallerbutmorenum
erousandmuchmoredifficulttolocateinspectandkeep
undercontrol

Thefunctionofthepresentandfutureoperatorwillre
quiresomedegreeofmechanicsashewillbecalleduponto
operatemanytypesofsprayingandinspectionequipment
OrangeCountyMosquitoAbatementDistricthasupgraded
itsmosquitoabatementprogrambydevelopinghighlyre
finedequipmentforapplyingpesticidesbysprayinginject
ionandgranulatingmethodsTobeabletometertheflow
ofpesticidespositivecontroloftheequipmentthatisbeing
operatedrequiresconstanttrainingandupgradingofopera
tionalpersonnel

Todaysoperatormustbeanexcellentdriverasheiscon
stantlyintrafficandwillberequiredtodriveinalltypesof

MosquitocontrolinCaliforniahasseenmanychangesin
thelastseveralyearsmostofthemdirectlyattributableto
theinsecticideresistancedilemmaIncreasedemphasison
sourcereductionormosquitopreventionisthemostvisible
changetakingplaceinlocalmosquitocontrolagencies
Sourcereductiontechniqueshavealwaysbeenusedtosome
extentinmosquitocontrolbutmostcontrolhasbeenac
complishedbyusinginsecticidesWhatthenistheoutlook
fortheseagenciesinthecomingyearsWemustfirstassume
thatthemovetowardsourcereductionisagenuineeffort
andthatthecontrolagencieswillreallytryforresults

Itappearsthatallcontrolagenciesmustdeveloppro
ceduresforamorefunctionaldocumentationofmosquito
sourcesThepresentapproachtodocumentationisinade
quateinmostcasesThevastnessofsuchaprogramwillre
quiretheuseofoperationalpersonneltogatherandsubmit
muchoftheinputdatafortheprogram

Sourcereductionwillrequiremanymoremanhoursas
signedtomakingpubliccontactsproblemanalysisandcon
creteproposalsandrecommendationsInthepastsource
reductionusuallymeantthatthemanagerandsourcere
ductionspecialistweretheonlyonesinvolvedandtheywere
solelyresponsibleforthisprogramInfutureyearsthey
willneedhelptoachievetheirobjectivesThatiswhywe
mustbegintorelyontheoperatorsTheoperatorsrolewill
increaseastherateofchangetowardsourcereductionquick
ensItwillnotbeenoughjusttosprayinthefutureoper
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conditionsfromfastfreewayorexpresswaytraffictoneigh
borhoodinspectionandtwolanefarmroadsOrangeCounty
MosquitoAbatementDistricthasconstantlymonitoredits
drivingprogramSpeedlimitsaresetandmaintainedby
operationalpersonnel

Theseasonaloperatorrequirementshaveincreased
throughouttheyearsAprogramtointerviewtestselect
andtrainseasonaloperatorsforspecializedjobswillbere
quiredtomeetfutureoperationalneedsandstandardsOn
thejobtraininghasprovedtobeveryimportantandmust
beprovidedbytheexperiencedpermanentoperatorsand
supervisorsInadditiontotheseasonalsprayoperatorsour
Districthastakenfurtherstepsinpubliceducationbythe
useofresidentialinspectionteamsforhousetohousesur
veillanceinspectionandtreatment

InclosingIwouldliketosaythattheoperationalper
sonnelnowandinthefuturehavethemostimportantrole
inmosquitoabatementprogramsanditisuptotheopera
tortoprovethatheiscapableofdoingthisjob

THEROLEOFFIELDPERSONNELINTHECOMINGERAOFLANDAND

WATERMANAGEMENTFORMOSQUITOPREVENTION

HarleyLNatvig

CaliforniaStateDepartmentofPublicHealth

BureauofVectorControlandSolidWasteManagement
OfficeBuildingNo9744PStreetSacramentoCalifornia95814

atorsmustacceptmoreresponsibilityforpromotingtheuse
ofsourcereductiontechniques

Probablythemostimportantresponsibilityoftheoper
atorinhisfuturerolewillbehiseffectivecommunication

withthefarmerorownerMostoperatorshavecontactwith
theownerandpresentlycommunicatewithhimbutthe
futurerolewillbemoreofaneducationaloneTheoperator
mustbeabletoexplainthevariousaspectsofmosquito
productionHemusthaveasoundworkingknowledgeof
irrigationdrainageandgeneralfarmingpracticesinorderto
communicatewithfarmerseffectively

Operatorsassignedtourbanareasmusttakeasimilarap
proachCommunicationwithurbandwellersagainisof
paramountimportanceAthoroughknowledgeofmosquito
sourcesandtheircausesisrequiredbeforeoperatorscan
informandeducatepeopleUrbansourcesareusuallysmall
comparedwithsourcesassociatedwithirrigatedagriculture
Neverthelesstheycanbeofgreatimportancebecauseof
theproximitytohomesandpublicplaces

Operatorswillbeexpectedtospendmoretimeanalyzing
mosquitoproblemswithparticularemphasisdirectedtoward
areaswhereresistancetoinsecticidesispresentTheyshould
becomemorefamiliarwiththeuseofaerialphotographsas
atoolManytimesitiseasiertovisualizeaproblemarea
fromanaerialphotographthanfromgroundobservations
Operatorsshouldbeabletopreparesketchestolargerscale
sizesfromaerialphotographsImportantinformationand
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fielddatasuchasmosquitoproductionareascanbeplotted
onsketchesdevelopedfromaerialsThesesketchesarepar
ticularlyvaluableasvisuaLaidswhenconversingwiththe
ownersOperatorswillalsobeexpectedtofamiliarizethem
selveswiththebasicconceptsofdeterminingexistingfield
topographyandfeaturesTheymayforexamplebeex
pectedtooperatealevelinginstrumentExtensivedatacol
lectionisaprerequisitebeforethemanagerandsourcere
ductionspecialistcanmakeanindepthstudyoftheprob
lemAcomprehensivestudywillbethebasisfordevelop
mentofdefinitiveproposalsandrecommendations

Inareasofagriculturalconcernoperatorsshouldhave
knowledgeofthecostsandtheeconomicramificationsasso
ciatedwithlandimprovementsandrenovationsSomeim
portantcostsarethoseidentifiedwithlandlevelingexcava
tionforditchesinstallingpipelineliningirrigationditches
andestablishingpermanentvegetativecoverMuchofthis
informationisnodoubtavailableinthemosquitoabatement
agencyofficefromthesourcereductionspecialistorman
agerIfnotitcanbeobtainedfromlocalindustryrepresen
tativesorfromothergovernmentagenciesKnowledgeof
presentcropworthandcommoditypricescanbehelpful
whencommunicatingwithfarmersSuchknowledgemight
includetheeconomicsofpastureandotherforagecrops
orpossiblythelocalpricesformilkandbeefcattleMuch
ofthisinformationisalsoavailableattheabatementagency
orcaneasilybeobtained

Nooneexpectstheoperatortobeanexpertinthesemat
tersbutfamiliaritywiththemwillbeofgreatassistance
Oneofthemoreimportantservicestheoperatorofthefu
turewillprovidewillbethatofgivingreliabledirectionson
whooneshouldturntoformorespecificinformation

Typesofequipmentandequipmentcapabilitiesshould
beanareaofconcernforoperatorsinthefutureEffective
communicationwithpropertyownerswilldependtoagreat

INFLUENCESOFOTHERINTERESTSONMOSQUITOCONTROLINCALIFORNIA

MarvinCKramer

CaliforniaStateDepartmentofPublicHealth

BureauofVectorControlandSolidWasteManagement
OfficeBuildingNo9744PStreetSacramentoCalifornia95814

LawsrecentlyenactedinCaliforniaandaproposedcon
stitutionalamendmentrelatingtotaxlimitationscouldhave
significantinfluenceuponmosquitocontrolprogramsin
CaliforniaThelawsarethePorterCologneWaterQuality
ActAB2870ofthe1971sessionwhichisnowinChapter
1241oftheGovernmentCodefederallawPL91190the
NationalEnvironmentalPolicyActof1969andAB2945
whichisnowinDivision13ofthePublicResourcesCode

TheproposedconstitutionalamendmentistheWatsontax
initiative

extentonknowledgeofbasicequipmentThisincludes
equipmentusedinsuchworksaslandlevelingconstructing
irrigationanddrainageditchesinstallingpipelineandlining
irrigationditches

Constructionofdrainageditchesisverybasicinsource
reductionworkandusuallythefirstequipmentthatcomes
tomindisthebackhoeBackhoesaregoodbuttheyhave
limitedutilityConstructionofnewditchescanbeaccom
plishedmuchmoreefficientlywithsinglewingplowsgrad
ersormotorpatrolsandselfpropelleddtichingmachines
Forcleaningditchesmuchbettercontrolcanbeachieved
usingaGradallwithatelescopingarm

Operatorswillbeexpectedtoknowtheadvantagesand
limitationsofvariousequipmentusedinlandrenovation
Thiswillrequiresomestudyandtrainingformostopera
torsalthoughsomeoperatorsmaybefamiliarwithandpos
siblyhaveevenoperatedsomeoftheequipmentEffective
landandwatermanagementdependsonproperequipment
anditsefficientoperation

Operatorsareoftenthefrontlinestaffrepresentingthe
controlagencyandtheirtalentsshouldbefullyutilized
Appropriateconsiderationshouldbegiventotheirjudg
mentconcerningmeasureswhichmaybeusedtosolvemos
quitosourceproblems

Theoperatorscansupplysomeofthemostvaluablein
formationtobeusedinsolvingoneofCaliforniasmajor
environmentalproblemsTheburdenwillbeheavythetask
willnotbeeasyandthisnewrolewillnotbeaccomplished
immediatelyButitisinevitablethatthesechangeswill
comeThedistrictmanagerswillhaveanincreasingresponsi
bilitytoseethatallsoundstaffrecommendationsareim
plementedAnimportantnewdimensioninmosquitocon
trolwillbeaddedwhenoperatorsbegintosharetherespon
sibilityfordevelopingcontrolrecommendationsandatthe
sametimebegintowitnesstheirachievementsinthisvital
newrole

ThePorterCologneWaterQualityActcreatedaboardof
fulltimepaidmembersgaveitgreatpowersforestablish
mentofcriteriaandforenforcementandprescribedstiff
penaltiesfornoncomplianceFollowingaresomeexcerpts
fromtheActandrelatedwatercodesections

Division1Chapter2Article3Section174

TheLegislatureherebyfindsanddeclaresthat itis

necessarytoestablishacontrolboardwhichshallexercise
theadjudicatoryandregulatoryfunctionsofthestate



Division7Chapter1Section13000

TheLegislaturefurtherfindsanddeclaresthatactiv
itiesandfactorswhichmayaffectthequalityofthewaters
ofthestateshallberegulatedtoattainthehighestwater
qualitywhichisreasonableconsideringalldemandsbeing
madeandtobemadeonthosewatersandthetotalvalues
involvedbeneficialanddetrimentaleconomicandsocial
tangibleandintangible

13001ItistheintentoftheLegislaturethatthestate
boardandeachregionalboardshallbetheprincipalstate
agencieswithprimaryresponsibilityforcoordinationand
controlofwaterquality

Division7Chapter3Article4Section13165

Thestateboardmayrequireanystateorlocalagency
toinvestigateandreportonanytechnicalfactorsinvolved
inwaterqualitycontrol

Division7Chapter4Article2Section13225

Eachregionalboardwithrespecttoitsregionshall
aobtaincoordinatedactioninwaterqualitycontrolin
cludingthepreventionandabatementofwaterpollution
andnuisancedrequestenforcementbyappropriate
federalstateandlocalagenciesoftheirrespectivewater
qualitycontrollaws

Division7Chapter4Article4Section13260

aAnypersondischargingwasteorproposingtodis
chargewaste shallfilewiththeregionalboardofthat
regionareportofthedischarge

13263aTheregionalboardafteranynecessaryhear
ingshallprescriberequirementsastothenatureofany
proposeddischargeexistingdischargeormaterialchange
therein bAregionalboard neednotauthorize

theutilizationofthefullwasteassimilationcapacitiesof
thereceivingwaterscTherequirementsmaycontaina
timeschedule dTheboardmayprescriberequire
mentsalthoughnodischargereporthasbeenfiledeUpon
applicationbyanyaffectedpersonoronitsownmotion
theregionalboardmayreviewandreviserequirements

Division7Chapter5Article1Section131300

Wheneveraregionalboardfindsthatadischargeof
wasteistakingplaceorthreateningtotakeplacethatvio
latesorwillviolaterequirements Theboardmayrequire
thedischargertosubmitforapproval adetailedtime

scheduleofspecificactionsthedischargershalltakeinorder
tocorrectorpreventaviolationofrequirements

13301Whenaregionalboardfindsthatadischargeof
wasteistakingplaceorthreateningtotakeplaceinviola
tionofrequirements theboardmayissueanorderto
ceaseanddesist

13304aAnypersonwhodischargeswasteintothe
watersofthisstateinviolationofanywastedischargere
quirementorotherorderissuedbyaregionalboardorwho
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intentionallyornegligentlycausesorpermitsanywasteto
bedischargedordepositedwhereitisorprobablywillbe
dischargedintothewatersofthestateandcreatesorthreat
enstocreateaconditionofpollutionornuisanceshall
uponorderoftheregionalboardcleanupsuchwasteor
abatetheeffectsthereof bIfsuchwasteiscleanedup
ortheeffectsthereofabatedbyanygovernmentalagency
afterissuanceofaregionalboardcleanuporabatementor
dersuchpersonshallbeliabletothatgovernmentalagency
totheextentofthereasonablecostsactuallyincurred

SincepassageoftheActtheStateBoardhasbeeninvolv
edinthesettingofcriteriafordisposalofagriculturaldrain
agewatersThereisarealpossibilitythatsuchdrainagewa
terswillbeconfinedtothepropertyoforiginTheultimate
goalistoincludealltypesofagriculturaleffluentimmedi
ateattentionisdirectedtowardwastesfromlivestockopera
tionsandparticularlyconfinedlivestock

WepointedouttotheStateBoardthatsuchactionwould
havemanyramificationsProblemsarebestresolvedwhen
theyareexposedearlyareconsideredbyallinterested
agenciesandwhenthereisgoodrapportamongtheagen
ciesWetooktheinitiativeininvitingrepresentativesofthe
agenciesthatcouldbeaffectedtomeetingsinSacramento

Agenciesthatrespondedandhadrepresentativespresent
wereCaliforniaStateWaterResourcesControlBoardCen
tralValleyRegionalWaterQualityControlBoardCaliforn
iaDepartmentofWaterResourcesAgriculturalExtension
ServiceCaliforniaMosquitoControlAssociationEastSide
MosquitoAbatementDistrictIrrigationDistrictsAssocia
tionofCaliforniaModestoIrrigationDistrictCalifornia
DivisionofSoilConservationAgriculturalStabilization
andConservationServiceUSSoilConservationService
andtheBureauofVectorControlandSolidWasteManage
ment

Thesewereexploratorydiscussionsoftheinterrelation
shipsinvolvedifwaterqualityrequirementsaretobeplaced
onagriculturaldrainagewatersThesemeetingswerecon
ceivedasameansfordevelopingaworkableplanforwater
managementthatwillrespecttheneedsofall

RichardFPetersChiefBureauofVectorControland
SolidWasteManagementbroughtintofocusthepresent
crisisinmosquitocontrolandoutlinedtheevolutionof
mosquitocontrolinCalifornia

ConfereeswereattentiveandsincereWeknowthatthey
listenedbecausethereweresubsequentreleasestoallofthe
irrigationdistrictsegaboutthecrisisandtheneedfor
watermanagementandtheAgriculturalStabilizationand
ConservationServicemademoneyimmediatelyavailable
withahighpriorityforpracticesthatwillbefavorableto
mosquitosuppression

Anotheroutgrowthfromthesemeetingswasaninvitation
fromtheStateWaterResourcesControlBoardtohavea

representativeonitsAgriculturalAdvisoryCommitteeWe
havebeenparticipatinginthiscommitteeandnowhavea
voiceintheformulationofcriteria

AB2870ofthe1971legislativesessionwhichisnowlaw
requireslocalagencyformationcommissionstoinitiateand
makestudiesofexistinggovernmentalagenciesandspecifies
therequiredcontentofsuchstudiesLAFCOalsoisrequired
todeterminethesphereofinfluenceofeachlocalgovern
mentalagencywithinthecountyandusespheresofin
fluenceasthebasisfordecisionsonproposalsandrecom



116

mendedgovernmentalreorganizationsLAFCOcantoa
largeextentcontrolthedestiniesoflocalgovernmental
agenciesIthasneverbeenmoreimportantforlocalagen
ciesalreadyunderthescrutinyoforganizationssuchas
taxpayersassociationstoconductaprecisionoperation
tomaintainaccuraterecordsandtomakeLAFCOandthe
publicawareofservicesperformedandprotectionprovided
Judgmentsofthevalueofthelocalagencyanddecisionsaf
fectingitsfuturewillbemadewithinthecounty

Federalandstatelawsrequirewaterprojectconstruction
agenciestoobtainstatementsdescribingtheenvironmental
impactoftheirproposedprojectsfromorganizationsthat
couldbeaffectedThefederallawcoversallprojectsthat
receivefederalfundingThestatelawsupplementsthefed
erallawtocovertheprojectsthatdonotreceivefederal
fundingBuildersofprojectsareapprehensiveTheydislike
theonusofhavingtosolicitcommentsfromallinterested
agenciesandthepreparationofenvironmentalimpactstate
mentsTheyaretakinggreatcaretobethoroughandaccur
atebecausetheywanttoprecludehavingissuesresolvedor
decisionsmadebythecourtsEnvironmentalistshavetheear
andthesympathyofthepublicashiftofpublicopinion
hasbeenreflectedinthecourtsandclassactionsuitsnow
arepermissibleinthecourtswhereasinformerdaysone
hadtosustaindamagetohavestandinginthecourts

TheBureauofVectorControlandSolidWasteManage
menthasforseveralyearshadcooperativeagreementswith
federalstateandlocalagenciesforreviewofandcomment
upontheplansanddesignsofnewprojectsandhavehad
mosquitopreventionmeasuresincorporatedintheprojects
Thiswillbecontinuedunderthenewformalizedprocedure

Afterunsuccessfulattemptsin1971tostimulatethein

FIELDOBSERVATIONONOVIPOSITIONSITEPREFERENCEOFTHE

PASTUREMOSQUITOAEDESNIGROMACULIS

TakeshiMiuraandRMTakahashi

UniversityofCalifornia
MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

ThepasturemosquitoAedesnigromaculisLudlowfe
malesovipositedinclumpsofbunchforminggrassesinirri
gatedpasturesespeciallyinclumpsgrowingintemporary
poolareasWithinagivenclumpmosteggsweredeposited

ABSTRACT

troductionoflegislationthatwouldlimittheamountof
propertytaxinCaliforniatheassessorofLosAngelesCoun
tyPhilipEWatsonisproposingaconstitutionalamend
mentthroughthevehicleofaninitiativeTheamendment
amongotherthingswouldplaceanabsolutelimitonpro
pertytaxesof175percentofthemarketvalueforallpur
posesotherthanforthepaymentofdebtsorliabilitiesAll
intracountyspecialdistrictswouldbeallowed50centsfor
each100assessedvaluationandallintercountyspecial
districtswouldbeallowedthesameamountBoards

ofSupervisorswouldapportiontheaggregate50centmaxi
mumtaxrateamoungallspecialdistricts

StateLegislativeAnalystAAlanPosthasestimatedthat
theamendmentwouldbeabout700millionshortofmeet

ingpresenttaxneedseventhoughtheamendmentwould
provideforincreasesintaxesonsalescigarettesdistilled
spiritsandbanksandcorporationsandwouldimposenew
taxesonincomeofinsurancecompaniesandseveranceof
allminerals

Thegreatestthreattospecialdistrictsoftheproposed
amendmentisitsfailuretoreplacelocalgovernmentreve
nueswhichwouldbelostIftheproposedamendment
reachestheballotandisapprovedinJuneitwouldbecome
effectiveJuly1andthiswouldnecessitateimmediatewide
spreadchangesatallgovernmentallevelsSteveDykesof
theAssemblyRevenueandTaxationCommitteestaffob
servedthatsetratesforetelltheendofindependentlocal
government

Itisintheinterestofeverymosquitocontrolagencyin
Californiaandthepublicatlargetobethoroughlyfamiliar
withtheprovisionsofthismeasureandtoassessthenature
andextentofitseffects

intheperipheralareasandnearthesurfaceoftheground
Inpastureswherebermudatypegrassesweredominantfe
maleslaideggsindepressionswithspikerushesorindense
bermudapatches



STUDIESOFSPIDERPREDATIONONAEDESDORSALISMEIGENINASALTMARSH
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RichardGarcia andEvertISchlinger
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Spidersholdtheuniquepositionofbeingtheonlylarge
classofarthropodswhichareentirelypredatoryinnature
Thevastmajorityofspeciesdependoninsectsastheirchief
sourceofnourishmentDespitethefactthattheirpreda
torynatureiswellknownquantitativestudiesontheirrole
asregulatorsofinsectpestpopulationsisnotwellunder
stoodrelativetotheirpotentialimportanceingoverning
thesespecies

Reportsofspiderpredationonmosquitoesarescattered
intheliteratureandusuallynoteonlythespeciesandsome
timesthenumberofmosquitoestrappedinthewebsofdif
ferentspiderspeciesreviewedbyHinman1934Christo
phers1960RecentlyhoweverseveralEuropeaninvesti
gatorshavebeenevaluatingquantitativelytheroleofspiders
inthenaturalregulationofmosquitoesinforestecosystems
Theseworkershavenotedthatseveralwebbuildingspecies
werecapableofreducingadultmosquitopopulationsby
over50incertainstudiesLuczak1968Dabrowska
Protetal1968aandDablowskaProtetal1968b

RecentobservationsonAedesdorsalisinaPetaluma

marshindicatethatthesmallhuntingspiderPardosasternal
isThorellmaybeaneffectivepredatoronthismosquito
BishopandHart1931firstreportedthisspidercapturing
AedesmosquitoesinColoradoTheynotedspidersfeeding
onadultspupaeandlarvaehowevertheydidnotidentify
themosquitospeciesExceptforthesepreliminarynotes
andsomelaboratoryobservationsnofurtherworkwasre
ported

Asmosquitoabatementmovesintotheareaofintegrated
controlitbecomesessentialtoinvestigatethemortality
factorsproducedbynaturalenemiessuchasspidersItis
anticipatedthatanunderstandingofthesemortalitymech
anismsmayallowustousetheminabeneficialmannerto
complementcurrentlyemployedcontroltechniquesItis
withintheconceptofintegratedcontrolthatthisprelimi
naryinvestigationoftherelationshipofsaltmarshspiders
andmosquitoesisreported

METHODSANDMATERIALSTheseobservationswere

madeinanareaofthePetalumasaltmarshapproximately
fourmilesnorthofNovatoandonemileeastofHighway
101inMarinCountyTheareaconsistsofanextensivestand
ofalmostpurepickleweedSalicorniaspThevegetation
isinterruptedbyoccasionalpotholesanddrainagecanals
Thesmallerpotholeswhicharefilledperiodicallybyhigh
tidalactionformtheprincipalbreedingsitesforAdorsalis
inthismarsh

PredatorybehaviorofPsternaliswasobserveddirectly
inthefieldaswellasinthelaboratoryStandardfivegal
longlassaquariawithalayerofdriedpickleweedonthe
floorandan18meshscreencoverwereusedasterrariato

DivisionofBiologicalControl1050SanPabloAvenue
AlbanyCalifornia94706

2DivisionofEntomology201WellmanHallBerkeley Cali
fornia94720
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containthespidersinthelaboratoryAedesaegyptiLin
naeuslarvaeandpupaewereofferedasfoodinpetridishes
partiallyfilledwithwater

Spiderpopulationsinthemarshwereestimatedfrom
samplestakenwithaDVacvacuuminsectnetmodel1A
Thesamplingtechniqueemployedwasessentiallythesame
asdescribedbyDietricketal1960

DISTRIBUTIONANDLIFECYCLEPardosasternalisis
widelyabundantwestoftheGreatPlainsfromCanadato
MexicoItoccursfromsealevelto9000feetandisfound
commonlyinsaltmarshesandmeadowsusuallyincloseas
sociationwithfreewaterMatingusuallyoccursinlatewin
terorspringfollowedsoonafterbyegglayingTheeggclus
teriscarriedbythefemaleuntilhatchingtakesplaceafter
approximatelytwoweeksThispopulationmaturesinthe
latesummerandfallanddependingonclimaticconditions
mayproduceasecondgenerationbeforewinter

RESULTSANDDISCUSSIONFieldobservationsindicate

thatPsternalisusesmovementofpreyastheprimarystim
ulustoattackSuperficiallyAdorsalisappearsmostvulner
ablewhenitisemergingfromitspupalskinbutbecausethis
processisgradualitdoesnotreadilyattractthespidersat
tentionPredationonmosquitoesinthesaltmarshhasthus
farbeenobservedonlyaftertheindividualhascompletely
emergedGenerallytheteneraladultremainsashorttimeon
theskinthenwalksacrossthewatersurfaceandclimbsthe

ascendingstalksofSalicorniaattheedgesofthepothole
Itisduringthismovementacrossthewaterorwhileresting
ontheSalicorniathatthespidersattackthemosquitoes

Spidersaretypicallymorenumerousonthewatersurface
whentheairiscompletelycalmModeratewindvelocities
tendtodiscouragetheiractivitiesonthewatersurfaceThey
remainhoweverrelativelyactiveattheedgesofthepot
holes

Aftercapturingitspreyonthewatersurfacethespider
movesbacktotheconfinesofthevegetationtodevourits
foodwhichusuallyrequiresseveralminutesThepedipalps
arethemajorappendagesusedtocapturepreyaswellasto
holdandmanipulateitduringtheprocessoffeeding

Spiderswerenotobservedcapturinglarvaeorpupaeof
AdorsalisinthefieldHoweverobviousattemptsatcap
turingtheseaquaticstageswereseenInthelaboratory
spidersfallpopulationsfedreadilyonlarvaeandpupae
whichwereplacedinwaterfilledpetridishbottomsplaced
ontheflooroftheterrariaInonetest18outof24larvae
andpupaewerecapturedandconsumedbyeightadultand
immaturespidersduringa10dayperiodOfthesixremain
ingindividualsthreewerecapturedasadultsshortlyafter
emergenceBothfieldandlaboratoryevidencesuggestthat
thespidersusevisionandpossiblyvibrationstolocateand
capturetheiraquaticpreyatthewaterssurfaceAftermov
ingneartoitsfoodthespidergraspstheaquaticstagewith
itspedipalpsandquicklyextractsitfromthewater
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Fieldobservationsonthefoodhabitsofthisspiderindi
catethatitprobablyfeedsonthemostabundantaquatic
insectspresentinthebrackishpoolsThiswouldofcourse
varywiththeseasonaloccurrenceofthepreyaswellaswith
theeaseofcaptureoftheparticularorganismInaddition
toAdorsalistwootherspeciesofinsectshavebeenob
servedbeingcapturedfrequentlyonthewatersurfaceThese
werethebrineflyEphydraripariaFallenanexclusively
aquaticinsectUsinger1963andthesmallbrackishwater
corixidTrichocorixareticulataGuerinMenevilleMuchof
theactivityofthebrineflyadultsisspentonthewatersur
faceanditwasrelativelycommonduringobservationper
iodsinthefallmonthsThetimidnatureofthisflymakes
successfulcapturesbythespidersdifficultObservationson
tenspidersindicatedthatasuccessfulcapturerequireda
bout20attemptsDuringtwosuccessiveobservationperiods
thesmallcorixidwasthemajorsourceoffoodwhileontwo
otheroccasionsAdorsaliswasthepreytakenmostoften
Duringtheobservationperiodswhencorixidsweremostof
toncapturedtheephydridflyandthecorixidwerethe
onlyabundantspeciesApparentlythecorixidswerecap
turedastheycametothesurfacetoobtainairorleavethe
pool

Table1demonstratesthewidediversityofspiderspre
sentinthesaltmarshTheninefamiliescollectedfromthe

marshareeachrepresentedbyseveralspeciesEstimates
fromDVacsweepcollectionsindicatethattherearebe
tweenonemillionandoneandonehalfmillionspidersper
acreduringthefallUnfortunatelylittleisknownabout
theirfoodhabitshowevertheirlargenumbersandwide
diversityleadonetosuspectthattheirroleinregulatingin
sectpopulationsincludingAdorsalisisimportant

Table2showstheabundanceofPsternalisanditsrela

tionshiptothebrackishwaterpotholesVariationsinnum
bersoccurbetweenpopulationsatdifferentpotholesbut
thesehavenotbeenevaluatedatthistimeThelargernum
berofspidersnearthepoolscontrastedtothelowernum

Table1FamiliesofspidersassociatedwithPetaluma
SaltMarsh1971

Lycosidae

Clubionidae

Gnaphosidae
Oxyopidae
Thomisidae

Araneidae

Therididae

Micryphantidae

Running

CollectedbyDVacsweeper

Mainlysoilandvegetationand
sometimeswatersurfaces

Mainlyvegetation
Soilandinsoilcracks

Mainlytipsofvegetation
Mainlyonvegetation

Jumping

Salticidae Mainlyonvegetation

WebBuilding

Websconstructed

in

vegetation

berintheopendrierpartofthemarshduringthefallprob
ablyreflectsthewaterorientedhuntingbehaviorofthis
speciesThewinterpopulationsdeclinedprecipitouslyand
Pardosawasthenmorecommonintheopendrierpartsof
themarshColdtemperaturesaretheprobablecauseforthe
populationdeclineandthechangeindistributionAreas
nearthepotholesareopenandlessprotectivethenthedense
continuousstandsofpickleweedinthedrierpartsofthe
marsh

Insummarywebelievethatthesespidersareprobably
importantnaturalenemiesofmosquitoesparticularlyin
saltmarshesbecauseoftheirlargenumbersandcloseasso
ciationwithwaterStudiesplannedforthespringandsum
merwhenAdorsalisismoreabundantshouldshedmore

lightontheoverallimportanceofPsternalisandtheother
spiderspeciesasnaturalenemiesofthismosquito
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Table2FallandwinterabundanceandlocationofPar

dosasternalisinthePetalumaSaltMarsh 1971

Fall

Winter

Adults

50

0

NearPothole

Immatures

294

15

cFartherthantenftfrompothole

AwayFromPothole

Adults

12

4

Avenumberper50sqftBasedonsampling300sqft

bWithinthreeftofpotholeedge

Immatures

176

33



THETHEORETICALASPECTSOFALARGESCALEFIELDTESTOF

RICEFIELDMOSQUITOCONTROL
JamesBHoy andAllanG OBerg

Fieldtestsin1969and1970showedthatGambusiaaf
finisBairdandGirardcangivesatisfactorycontrolofrice
fieldmosquitoesinCaliforniaHoyandReed19701971
Hoyetal1971

During1971theSutterYubaMosquitoAbatementDis
trictandtheEntomologyResearchDivisionoftheUSDA
conductedalargescalefieldtestofthreealternatemethods
ofricefieldmosquitocontrolHoyetal1972Thestudy
involved72ricefieldsintheSutterBasininwhichabout
45percentofthelandisusedtogrowriceThefieldswere
equallydividedamongfourtreatments1fieldsstocked
with06lboffishperacre2fieldsstockedwith02lbof
fishperacre3fieldstreatedoncewith00125lbofchlor
pyrifosDursbanperacreand4experimentalcontrol
fieldsSixtenthsofapoundoffishisapproximately300
maturefemalesThemosquitoproductionofeachfieldwas
evaluatedduringlateJunelateJulyandlateAugustTwo
evaluatorseachtookequalsizedsamplesfromboththehigh
andlowendsofeachfieldDuringthefirsttwoevaluations
80dipsperfieldweretakenandduringthelastevaluation
120dipsperfieldweretaken

InAugustfishpopulationsweremeasuredbyplacing12
trapsineachofthe72fields

Theresultsoftheevaluationofmosquitoproductionare
illustratedinFigure1Shownmonthbymontharethenum
bersofspecimensperdipseetherighthandscaleandalso
themeannumberofspecimensintermsofthetransforma
tionusedintheanalysesofvariancethatwereperformed
seethelefthandscaleWeshouldpointoutthattransfor
mationoftherawdatatothelogN 1isaconservative
wayofhandlingthedatainthatfieldsthathavegonecom
pletelyoutofcontroldonotcontributeasmuchtothe
meanvaluesaswhenthedataareuntransformed

Themeanvaluesthataresignificantlydifferentfrom
othervaluesarebracketedtoindicatetherangerepresenting
the5leastsignificantdifference

TheresultsmaybesummarizedasfollowsaDuring
Junethefieldsstockedwith021boffishperacreproduced
significantlymoremosquitoesthantheothertreatments
bDuringJulythefieldsthathadbeentreatedoncewith
chlorpyrifosproducedsignificantlymoremosquitoesthan
eitherthecontrolfieldsorthefieldsstockedwith06lbof

fishperacrecDuringAugustthefieldstreatedonlyonce
withchlorpyrifosproducedsignificantlymoremosquitoes
thanthecontrolsofeithertreatmentwherefishwerestock

edAlsoregardingthedistributionoflarvaeandpupaedur

1Mentionof apesticideoraproprietaryproductinthispaper
doesnotconstitutearecommendationoranendorsementofthe
productbytheUSDepartmentofAgriculture

2EntomologyResearchDivisionAgriculture ResearchService
UnitedStatesDepartmentofAgriculture5544AirTerminalDrive
FresnoCalifornia93727

3SutterYubaMosquitoAbatementDistrict 925MarketStreet
YubaCityCalifornia95991

4PresentaddressYubaCollegeN BealeRoadandLindaAve
nueMarysvilleCalifornia95901
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ingAugusttherewasasignificantbutnotalargedifference
inmosquitoproductionwhenthehighversusthelowends
ofthefieldswerecomparedwithgreaterproductioninthe
lowends

Evaluationofthevariousfishpopulationsshowedthat
thebiomassesoffishwereverysimilarbyAugustregardless
ofwhether02or06lbperacrehadbeenstockedHow
everthehigherstockingrateyieldedahighnumberoffish
perfieldOfthe36fieldsthatwerenotstockedwithfish
onlyfouryieldedfishOnefieldappearedtohavebeenacci
dentallystockedwhereastheotherthreehadonlysmall
numbersoffishSincetherewasnoproofoftheaccidental
stockingtheconservativemethodofanalysisieretain
ingthemosquitoevaluationdatafromtheoddfieldinthe
sametreatmentcategorywasobserved

InJuneweweresurprisedbyhowmanymosquitospeci
menswefoundinthefieldsstockedwith021boffishper
acreThiswasincontrasttoquitelownumbersofspeci
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Fig1Numbersofspecimensfoundinricefieldsduring
threeevaluationperiodsEachtreatmentwasreplicated18
timesandfoursubsamplesweretakenwithineachreplicate
thereforeeachpointrepresents72subsamplesAtotalof
20160dipsisthusrepresentedfromHoyetal1972
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mensintheexperimentalcontrolfieldsNoteFig1the
lownumberofspecimensperdip

Thegreatresurgenceofthemosquitopopulationsinthe
chlorpyrifostreatedfieldsduringJulyandAugustwasnot
especiallysurprisingPestresurgenceisaphenomenonwell
recognizedinagriculturalentomologycircleswherecontin
uedinterestinaspecificpestpopulationisgeneratedbythe
valueofthecroporiginallyunderattackThecontrolfields
werelowerinmosquitoproductioninJulythaninJune
FollowingtheJulyevaluationweindependentlyarrivedat
anexplanationforthehighmosquitoproductioninthe
fieldsstockedat02IboffishperacreThekeywasthelow
mosquitoproductioninthundisturbedcontrolfieldsTo
havesuchlowproductionintheabsenceofeitherchlorpyri
fosorfishcalledforanaturalcontrolmechanismthatcould

bedisruptedbyeitherchemicalcontrolorafishpopulation
ofintermediatesizeObviouslyalargefishpopulationwas
effectiveforcontrolandaverylowfishpopulationwould
beineffectiveasadisruptiveforceThechoiceof02lbof
fishperacremayhavecomeclosetotheoptimumratefor
demonstrationofabiologicallytriggereddisruptionThe
transitorynatureofabiologicaldisruptioncontrastswith
thechemicallytriggereddisruptionthatweobservedinJuly
andAugustOncethefishpopulationpassedtheintermedi
atepointtheycuredtheoutbreakthattheyhadinduced
Contrariwisethechlorpyrifosinducedoutbreakcontinued
throughAugust

POPULATIONSOFGAMBUSIAAFFINISINACLINEOFOXIDATIONPONDS

Studieswereinitiatedtoevaluatesewageoxidationponds
aspotentialoverwinteringandorbreedingsitesforGam
busiaaffinisPreviousattemptstoutilizesewagepondsfor
thesepurposesproducedmixedresultsTheproximityof
sewageoxidationpondstoprimemosquitoproblemareas
intheSacramentoValleyofCaliforniaiericefields
wouldenableasubstantialreductionintimeandcostfor

mostcontrolagenciestoutilizefishintheircontrolopera
tionThepurposeofthisreportistosummarizetheprelim
inaryresultsobtained

Thepondsselectedforobservationwerelocatedapprox
imatelytwomileseastofthecommunitywhichtheyserve
WoodlandSewagetreatmentconsistedofcoarsescreen
ingandsimultaneousdistributionparallelofthesewage
intosetsoffourpondsForthepurposeofthisstudythis
paralleldesigninonesetoffourpondswaschangedtoaser
iestoformagradientofdecreasingorganicloadfromthe
firstpondAtothesecondBandtothethirdand
fourthCItwasanticipatedthatfishproductivitysurvival
woulddifferinthefourpondsandthatbymakingasurvey

1
UniversityofCaliforniaDepartmentofEntomology367Briggs

HallDavisCalifornia95616

2SacramentoYoloMosquitoAbatementDistrict1650Silica
AvenueSacramentoCalifornia95815

1 1 2
JLFisher RKWashinoandJFowler

Bothtypesofdisruptionmustbeavoidedatallcosts
Certainlyanycontrolmethodthatrisksdrivingmosquito
populationshigherthanifnotreatmenthadbeenappliedis
abadmethodTheseresultsemphasizetheneedforabetter
understandingoftherelationshipsbetweenpredatorsand
mosquitoesinthericefields
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oftheentirestaffoftheSutterYubaMosquitoAbatement
Districtwhocontributedgreatlytothisstudyparticularly
StanleyMooreandGeraldRuffwhoparticipatedinevery
phaseofthestockingoperationThetechnicalsupportof
TerrellTuckerandRobertStoutduringtheevaluation
phaseoftheexperimentisgratefullyacknowledgedEugene
EKauffmanManagerEntomologistSutterYubaMADde
servesspecialrecognitionforhiscontributionstothisstudy
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ofphysicalchemicalandbiologicalfactorsineachofthe
pondslimitingfactorsofGaffinispopulationscouldbe
identifiedThephysicalandchemicalfactorsstudiedwere
orthoandpolyphosphatesammonianitrogenoxygen
alkalinitypHandtemperatureBiologicaldataincludedin
formationontheabundanceofalgaethemajorinverte
bratesandGaffinisPopulationsofinvertebrateswerefur
therrelatedtofishpopulationsbyexaminingfishgutsam
plesatbiweeklyintervalsThefishpopulationwassampled
periodicallybyseininga30footwideareaacrosstheentire
lengthofeachpondOnFebruary9and161971atotal
of60000fishwereplantedineachofthepondsWithina
monthnofishwereobservedinpondAFishpopulations
inpondsBandCincreaseduntilJuly15whenamassdie
offofgravidfemaleswasobservedinpondBNodieoff
wasobservedinpondCatthattime

Almostalloftheorganismsinthepondsexhibitedwide
fluctuationsinnumbersthroughoutthesamplingperiod
DominantalgaeinpondAwereScenedesmusChlorella
andChlamydomonasInpondBthesamethreealgaewere
dominantbutlessabundantthaninpondAPennatedia
tomsoccurredingreaternumbersinpondBandwerethe
dominantalgainpondCThealgaethatweredominantin
pondsAandBwereofminorsignificanceinpondC

Pendingamorecompleteanalysiscertaintentativecon



clusionsweremadeOxidationpondsshowedapotential
forproducingGaffiniswhenthepondswere1arranged
inserieswiththeobjectiveofutilizingthemorestableterm

ASSOCIATIONANALYSISOFPONDCOMMUNITIES
RobertKWashino

UniversityofCalifornia
DepartmentofEntomology367BriggsHallDavisCalifornia95616

Interrelationsamongthecommonaquaticinsectsinarice
fieldhabitatwerestudiedfrom4633aquaticdipping sam

plesThesesampleswerecollectedatweeklyorbiweekly
intervalsduring19691971fromricefieldsinfivecounties
intheCentralValleyofCaliforniaOver81differentani
malswereidentifiedandprocessedandfromthis15ofthe
mostcommoninsectswereanalyzedforsignificantX as

sociationvalueswithCulextarsalisandAnophelesfreeborni
Onthebasisofpresenceandabsencedatasignificantposi
tiveassociationwithCtarsaliswascommonlyseenwith
1mayflynymphsSiphlonurussp2damselflynymphs
and3predaceousdivingbeetlelarvaeandadultsLacco
philussppSignificantassociationswithAfreeborniwere
with1dragonflynymphsand2Belostomaflumineum
bakerinymphsandadultsWhencoupledwithothersup

inalpondsand2designedtomaintaincertainminimal
detentiontimeofsewageineachpondtoprovideasatis
factorygradientororganicloadfrompondtopond

portiveinformationthesevaluesareusefulingaininganin
sightintowhichaquaticinsectsmaybeservingaseffective
naturalpredatorsofmosquitolarvaeandpupaeTheseval
uesmayalsobeusedtoestablishindicatorspeciesThese
indicatorspeciesmaybeusefultoascertainthepresenceor
absenceofamosquitosuchasAfreeborniwhichisother
wisedifficulttosampledirectlyinaricefieldhabitatFor
furtheranalysisofthericefieldasadistinctanimalcom
munitythepresenceandabsencedatafortheinsectswere
usedtoestablishXmatricesallpossiblecombinationsof
speciesinpairsbyyearbycountyWaterboatmanCorisel
lasppredaceousdivingbeetlelarvaeLaccophilusspp
andmayflynymphsSiphlonurussphadthehighestasso
ciationindicesEXand weretentativelyinterpretedas
beingcriticalinaquaticanimalcommunitiesinricefield
inNorthernCalifornia

IDENTIFICATIONOFMOSQUITOBLOODMEALSBYTHE
HEMOGLOBIN CRYSTALLIZATIONMETHOD

RobertKWashinoandJamesGElse

UniversityofCalifornia
DepartmentofEntomology367BriggsHallDavisCalifornia95616

Identificationofmosquitobloodmealswasconducted
bythemethodofhemoglobincrystallizationThetechnique
involvedcrystallizinghemoglobinfrombloodsamplestaken
fromthemosquitomidgutandcomparingcrystalstructure

ABSTRACT
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withthatofknownmaterialsDistinctcrystalshavebeen
observedandphotographedfrombloodsamplesofthree
speciesofequidsfourspeciesofbovidssixspeciesofro
dentsandthreespeciesofothermammals



INTERRELATIONBETWEENWATERDEPTHSANDTHEDISTRIBUTIONOF

GAMBUSIAAFFINISANDIMMATURECULEXTARSALISIN

FRESNOCOUNTYRICEFIELDS

Therelationshipofwaterdepthtoproductionofmos
quitoesinricefieldswasobservedbyWashino1964How
everthereappearstobeapaucityofsupportivedocumen
tationintheliteratureonthisrelationshipSomeauthorsal
ludetowaterdepthswhendiscussingmosquitolarvaedis
tributioninricefieldsMarkos1951Gieger Purdy
1918

GiegerandPurdy1919notethatGambusiaarefound
mainlyalongtheedgesofthepaddiesandpaddyinletsand
fewfishwereobservedinmidfieldpaddyWashino1964
supportsthisviewinpartinstudiesmadeofoxygencon
tentofricewatersTwentyfourhourobservationsofdis
solvedoxygenshowedthegreatestfluctuationsinthecen
terofthepaddyWashino1964withthelowestconcen
trationshortlypriortodawnMovementofGambusiainto
andoutofthecenterofapaddycouldwellbeattributedto
theavailableoxygenInpreliminaryfishtrappingsmadein
ricefieldsHoyandOGrady1971thereisadditionalevi
denceshowingpreferenceofGambusiatotheedgesofthe
paddies

Waterdepthmeasurementsweretakeninthecourseof
severalstudiesintheuseofGambusiaaffinisasacontrolof
mosquitoesinricefieldswhichwereundertakenbythe
FresnoWestsideMADduringthesummerof1971Itisthe
purposeofthispapertodocumenttherelationshipofwater
depthinricefieldsandthepresenceofCtarsalisandorG
affinis

MATERIALSANDMETHODSThestudyareausedhas
beenpreviouslydescribedHoyandReed1971Forthe
purposeofthisstudyhowevernoregardtoproximityto
populatedareaswasmadeInadditionricefieldsusedwere

ownedormanagedinthemajoritybytwolargericegrow
ersRicefieldsbelongingtothesetwogrowerswerescat
teredthroughoutthestudyarea

Therewere41ricefieldsofvarioussizesstockedwith
fishTenofthesefieldswerestockedat50fishtotheacre
and31fieldsat100fishtotheacreFourunstockedand
untreatedchemicallyricefieldswereusedascontrols

Ricefieldsweresampledformosquitoproductionby
makingatendiptransectacrossthepaddyinthesampling
areainthemannerdescribedbyHoyandReed1970
1971TenpaddiesweresampledineachricefieldDipper
samplecontentswereconcentratedwithahandconcen
tratorinamannerdescribedbyHusbands1969Mosquito
larvaewerekilledandpreservedin50isopropylalcohol
forlaterlaboratoryidentificationSamplingforlarvaestart
edJuly4whenricewasinearlytolatetillerandcontinued
toAugust20whenricehadreachedgrainformation

GaffinisstockingwasstartedonMay14andconcluded
onJune4About10ofthefishplacedintoricefields
camefromlocalnaturalsourcesThebalancewerepurchas
edfromaminnowfarmFishweretrappedinthericefields

DEReedandTJBryant

FresnoWestsideMosquitoAbatementDistrict
POBox125FirebaughCalifornia93622
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byusingunbaitedGeesimprovedwireminnowtrapAll
trappingsweredoneonlyonceduringtheseasonwith
in72hoursoflarvalsamplingandwereplacedintoeach
fieldfor24hoursTrapswerelocatedinricepaddies20to
25yardsfromtheedgeofthefieldandintoeachpaddysix
totenfeetfromedgeofborrowpitareaWaterdepthswere
measuredatthetraplocationAbout90ofthetrapswere
locatedonthedownwindportionofthefieldintheshallow
upstreamareaofthepaddy

RESULTSANDDISCUSSIONMeasurementsofwater

depthsweredividedintofivecategoriesthose2inches
deeporless34inches56inches78inchesandmore
than8inchesdeepAlthoughquantitativerecordswerekept
forallfieldsthroughouttheseasononlythepresenceorab
sencequalitativeofmosquitolarvae orGambusiaare

usedinthisreport
Resultsshowthataswaterdepthincreasesthepercentof

trapscontaingfishalsoincreasedfromabout70to100
andlendssupporttotheobservationsmadebyGiegerand
Purdy1919Converselyinthesesamepaddiesthepre
senceofCtarsalisdroppedfrom36intheshallowpaddies
tozeroindeeppaddiesInevaluatingtheeffectivenessof
Gambusiaformosquitocontrolinricecaremustbetaken
tonotassumethatincreasedpresenceoffishwillmeana
reducedpresenceofCtarsalisonthebasisoftheseresults
withoutconsideringtheuseofcontrolsunstockedandun
treatedfieldsWithouttheuseofacomparisonofferedby
acontroltheresultsthusfarmayleadtotheassumption
thatthegreaterpresenceofGaffinisproducedadecreased
presenceofCtarsalisFigure1Whencontrolsarein
cludedintheanalysisthereisvirtuallynodifferencenoted
inthepresenceofCtarsalisinthesepaddiesthaninpaddies
whichcontainedfishActualmosquitoproductioninriceis
bestmeasuredbythepresenceoffourthinstarlarvaeand
pupaeAlthoughtherewerefewerstationscontainingfourth
instarandpupaeourresultsshowthesametrendasdoes
thetotalcollections

Onthebasisoftheresultsitcanbeconcludedthat

chancesareverygoodthataricefieldorpaddywillproduce
mosquitoeswhentheconditionsarefavorablewhetheror
notGambusiaarepresentInadditiithechancesoffind
ingmosquitolarvaeareincreasedinthemoreshallowfields
orpaddies
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Species

Sex

MINIMUMOXYGENTHRESHOLDSOFGAMBUSIAAFFINIS

BAIRDANDGIRARDANDPOECILIARETICULATAPETERS

RobertDSjogren

KernMosquitoAbatementDistrict
P0Box1271BakersfieldCalifornia93302

INTRODUCTIONOftotemanywaterqualityparameters
whichinfluencethesurvoffishinpollutedwaterdis
solvedoxygenhasreceivedthegreatestemphasisNumerous
publicationsrefertotheoxygenrequirementsofgamefish
butlittleworkhasbeendoneonthemosquitofishGam
busiaaffinisBairdandGirardortheguppyPoeciliareti
culataPetersOdumandCaldwell1955reportedGambusia
affinisholbrookisurvivedaconstant03ppmoxygeninan
anaerobicfreshwaterspringwherethefishhadaccesstothe
surfaceReportsofrandomoxygenmeasurementsoffield
watersmadeforotherpurposesoccasionallymentionthe
presenceofGambusiabutthedisjunctnatureofsuch
dataandthevariabilityinfieldwatersmakesmeaningful
correlationdifficult

TheabilityofGambusiatoadapttoawiderangeof
waterqualityhasbeenrecognizedandputtousebymos
quitocontrolworkerssinceanearlyreportbyEmerick
1942Inrecentyearstherehasbeenconsiderableinterest
indeterminingwhichfieldstrainofGambusiainCalifornia
ismosttolerantoforganipollutionandcouldbemostef
fectivelyemployedinfutureintroductionsLaboratoryex
perimentswereconductedin1968toestablishcomparative
baselineKDknockdownoxygenvaluesforafresh
waterstrainofGaffinisat211267and322Cwhich
wouldenablefuturecomparisonsoffieldpopulationsPoe
ciliareticulatewasincludedintheexperimentsbasedon

Mean Length Weightgm

observationsofthisspeciesinhighlyorganicwatersby
JohnsonandSoong1963Sasaetal1965andNaka
gawaandIkeda1969

METHODSAcommonmethodofdeterminingthemini
mumoxygentoleranceoffishistheuseofhermeticallyseal
edglasscontainersinwhichtheoxygenisremovedbyfish
respirationoverameasuredtimeperiodBurdicketal
19541957foundtheminimumoxygenconcentrations
determinedinthismannercorrespondedcloselytodataob
tainedwithothermethodsDuetothesimplicityandre
portedvalidityofthisprocedureitwasusedinthisstudy

GambusiawereobtainedfromtheSantaAnaRivernear
RiversideCaliforniaandPoeciliafromapopulationmain
tainedattheUniversityofCaliforniaRiversideMidgeville
FieldStationThefishwereheldindoorsat21117C
undera12hourphotoperiodforaminimumofonemonth
priortouseAllfishwereisolatedaccordingtosexoneweek
beforetestingandwereheldatthetesttemperaturefor24
hourspriortouseNofoodwasofferedthelast48hours

Testequipmentconsistedofpintmasonjarsheldina
constanttemperature06CwaterbathWithtwoexcep
tionstenreplicatesoffourfisheachwereusedDissolved
oxygenineachtestwasdeterminedtoinsureairsaturation
values8779and7102ppmat211267and322C
respectivelyUnsealedcontroljarsweresuspendedatthe
surfaceofthewaterbath

Table1TheoxygenconcentrationinpartspermillionattheKDofadultGambusiaandPoeciliaatthreetesttem
peratures

LengthriRange Mean Range

211C
Gaffinis dd 240 1928 238 130361 035 050 042
Gaffinis 99 316 2540 604 3021250 020 030 023
Preticulatadd 186 1523 134 056216 030 050 040
Preticulata99 184 1525 116 046309 020 030 024

267C
Gaffinis dd 214 2026 160 096280 070 070 052
Gaffinis 99 306 2537 532 259750 040 045 042
Preticulatadd 185 1522 130 074223 040 060 044
Preticulata99 219 1732 194 070502 020 040 033

322C

Gaffinis dd 225 1827 205 112291 060 090 073
Gaffinis 99 290 2437 399 196899 040 050 043
Preticulatadd 175 1421 101 057152 040 060 052
Preticulata99 211 1728 149 067318 030 050 042

aCombinedcontrolmortalitywaslessthan05percentat211and267and2 percentat321CTheKDoxygenconcentrationsshown
forthesexesofGambusiaandPoeciliaweresignificantatthe001levelGambusia 267C005atallthreetemperaturesbcSignificantdifference001levelbetween thesamesexofeachspeciesattheindicatedtemperatures
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KDOxygenConcentration
Minimum Maximum Mean

Std Std

Dev Error

059

035

062

046

471

025

066

067

290

048

063

067

019

011

020

015

167

008

021

021

092

015

020

022



Table2Elapsedtimetotheminimumoxygentolerance

levelKDofadultGambusiaandPoeciliaatthreetest
temperatures

a b

species elapsedtimetoKD50inminStd Std

sex Min Max Mean Dev Error

Gaffinis dd350 515 427 1820 576

Gaffinis 99185 245 210 177 56

Preticulatedd603 945 750 1072 339

Preticulata99930 1460 1222 1660 525

Gaffinis dd320 388 354 245 87

Gaffinis 99153 200 176 168 53

Preticulatedd382 660 498 2575 815

Preticulate99370 505 426 1380 437

Gaffinis dd115 200 161 286 90

Gaffinis 99 70 125 95 179 57

Preticulatedd160 239 201 231 73

Preticulate99225 305 267 305 102

aCombinedcontrolmortalitywaslessthan05percentat211and

267and2percentat322C
bSignificantdifferences001levelwereshownbetweenthemales
andfemalesofeachspeciesallthreetemperatures

Oncethejarsweresealedthefishwereobservedforac
tivityandopercularmovementrespirationuntilthemean
tolerancelimitKDwasreachedThislimitisdefinedas
thepointintimeatwhichhalfthefishloseequilibriumand
remainonthecontainerbottomforoneminuteormore

Burdicketal1954Aftertheelapsedtimewasrecorded
thejarwasremovedfromthewaterbathandthedissolved
oxygenimmediatelyanalyzedTerminalcarbondioxidede
terminationswereperformedatrandomonthreeofeach
tenjars

DissolvedoxygenwasdeterminedusingtheStandard
WinklerAlsterbergmodificationmethodUseofpowdered
reagentsinindividualplasticpillowsHachChemicalCom
panywithstarchindicatorandendpointtitrationwitha
onemillilitervolumetricpipettegave005ppmaccuracy
Lengthandweightdatawererecordedforallfishpriorto
preservationin10formalin

RESULTSANDDISCUSSIONThetimetoKDlength
andweightofGambusiaandPoeciliausedandthemini
mumlethaloxygenconcentrationsarepresentedinTables
1and2Ananalysisofvarianceusingacompletelyrandom
designtocompareKDdurationsfoundsignificantdiffer
ence001levelbetweenGaffinismalesandfemalesand
betweenPreticulatamalesandfemalesateachtesttemper

atureSignificantdifferences001levelinthebiomassof
thesexesofeachspeciesappearstoexplaintheseelapsed
timedifferencesTheKDtimeateachtemperaturewas
lessforGambusiathanforPoeciliaGambusiaarelarger
thanguppiesandpresumablywouldhavedepletedthedis
solvedoxygenmorerapidly

GambusiaaffinisandPreticulatademonstratedincreas
edmetabolicratesbymorerapidconsumptionofoxygen
ieshortenedelapsedtimeateachincreaseintempera
tureFryandHart1948Alabasteretal1957and
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DowningandMerkens1957reportedsimilardataforoth
erfish

Ananalysisofvarianceemployingacompletelyrandom
designtocomparetheKDoxygenlevelsoffemaleG
affinisandPreticulatafoundasignificantdifference001
levelat267Csimilaranalysisofmaleresponseindicated
significance001levelat322C

TheratioofthemeanKDoxygenconcentrationof
malePoeciliacomparedtomaleGambusiaat211267
and322Cwas105118and140andforfemalePoe
ciliacomparedtofemaleGambusia096127and100

TherewasasignificantdifferenceintheKDoxygen
concentrationsofmaleandfemaleGaffinisatallthree
temperatures21101level267005level322001
levelComparisonofthesexesofPreticulatashowedsig
nificantdifferencesatthe001levelateachtemperature

Thesymptomsoffishasphyxiationweregradualin
creaseinrespiratoryratelossofequilibriumirregulardart
ingmotionsandfinallylayingontheirsideonthebottom
ofthecontainerPriortodeaththefishrepeatedlydarted
tothetopofthejareachtimeinanapparentfinaleffort
Somemembersofbothspeciesrevivedwhentransferredto
aeratedwaterUponremovelofthejarlidstomeasurethe
KDoxygenlevelsitwasnotedthatmostPoeciliaableto
reachthesurfaceafterhavinglostequilibriumliterallyhung
atthesurfaceandslowlyrecoveredGambusiawereseldom
observedtorecoverundertheseconditions

FryandBlack1938andBlacketal1954foundin
sealedrespirationteststhatbottlescontainingaboveaver
ageoxygenlevelsalsocontainedhigherlevelsofcarbon
dioxideThisconcurswiththefindingsofIrvingetal
1941whoreportedthatcarbondioxidereducestheaffin
ityoffishbloodforoxygenComparisonsofendpointoxy
genandcarbondioxidelevelsinthepresentstudyfounda
maximumof40ppmandameanof25ppmcarbondioxide
uponterminalanalysisThesefindingsagreewithBurdicks
Burdicketal1954whofoundlittlevariationandcon
cludedcarbondioxideproducednosignificanteffect

ThemeanKDoxygenlevelsshouldnotbeinterpreted
thatlongtermsurvivalorreproductioncanoccuratlevels
closetotheseminimumsTheminimumoxygenlevelsdem
onstratedinthisstudyotherconditionsbeingfavorable
merelyreflecttheabilityofGaffinisandPreticulatato
survivesimilarlevelsforshortperiodsunderotherwisefavor
ablefieldconditions
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CHANGINGPERSPECTIVESINSYSTEMATICSOFMOSQUITOESINCALIFORNIA

RichardMBohartandRobertKWashino

UniversityofCalifornia
DepartmentofEntomology367BriggsHallDavisCalifornia95616

SincepublicationofTheMosquitoesofCaliforniaby
FreebornandBohart1951ourconceptofmosquitoesin
thisstatehasalteredgreatlyTwocalculationsgivesomein
dicationofthemagnitudeofthechangeFirstthetotal
numberofspeciesandsubspeciestreatedin1951was41
Ourlatestfigureis48anincreaseofabout25percent
Table1Secondlytherehavebeenchangesinvolvinggen
ericspecificorsubspecificnamesinsevenoftheoriginal41
orabout17percentTable1Thesepercentageshowever
donotrevealtheincreasingcomplexityofculicidology
broughtaboutmainlybythevastaccumulationsofinforma
tionduringthepasttwodecadesMuchoftheinformation
resultedasabyproductofarbovirusvectorstudiesby
WCReevesandhisassociatesandaspartofcontrolef
fortsbylocalmosquitoabatementdistrictstheStateBu
reauofVectorControlandSolidWasteManagementandthe
UniversityofCaliforniaAsidefromcontributingtoasevere
problemofdiseasetransrnissionandcontrolhowevermos
quitoesasagroupareextremelyinterestingbiologicallyand
caneasilybestudiedfortheirownsakeTobetterunder
standmosquitoesfromihisviewpointmanybasicbiosys
tematicstudieshavebeenconductedsince1951toimprove
thefoundationofculicidologyinCaliforniaaswellaselse
whereAfewofthesearetherevisednomencluatureand

homologyofchaetotaxyinimmaturestagesnotablyby
Belkin1952and1953andBarrandMyers1962im
provementsinidentificationofaedineeggsbyMyers1967
informationonearlystagesoflarvaeBohart1954Bohart
andWashino1957andpupaePastermack1960Barr
1963BarrandBarr1969Certaintaxonomicgroupsthat
causeddifficultypreviouslybecamebetterunderstoodfrom
investigationsconductedduringthisperiodMostnotably
theseincludedstudiesontheAedesdorsaliscomplexBarr
1955CarpenterandLaCasse1955Richards1956Bo
hart1956theAedesvaripalpuscomplexBelkinandMac
Donald1957Zavortink1969theCulexpipienscom
plexBarr1957Iltis1966andthenearcticAnopheles
maculipenniscomplexKitzmillerFrizziandBaker1967

ItisinterestingtospeculateonthesourcesoftheCali
forniamosquitofaunaForinstanceitseemslikelythatthe
socalledsnowormountainmosquitoescameintothestate

NakagawaPYandJIkeda1969Biologicalcontrolofmosquitoes
withlarvivorousfishinHawaiiWHOVBC69173mimeo

OdumHTandDKCaldwell1955Fishrespirationinthenat
uraloxygengradientofananaerobicspringinFloridaCopeia
2104106

SasaMTKuriharaODhamvanijandCHarinasuta1965Stud
iesonmosquitoesandtheirnaturalenemiesinBangkokPart
3observationsonamosquitoeatingfishinpollutedwaters
JapJExpMed352350

fromthenorthalongtheSierraThesespeciesareAedes
communishexodontusfitchiiincrepituscataphyllahex
odontuspullatusschixopinaxventrovittisandcinereus
CulisetaimpatiensmightalsobeincludedhereCertain
speciesseemtohaveoriginatedfromLowerSonoranareas
inBajaCaliforniaandsouthwesternUnitedStatesTheseare
UranotaeniaanhydorCoquillettidiaperturbansOrthopo
dornyiasigniferePsorophoraconfinnisPsorophorasigni
pennisandpossiblyCulexpipiensquinquefasciatusMostof
thesespeciesstillhaveveryrestricteddistributioninthe
stateItcanbesurmisedthatcertainspeciesinvadedCali
forniafromthenorthalongthecoasttakingadvantageof
relativelymildclimateThesemightbeAedesdorsalisand
squamigerAnophelesoccidentalisandCulexpipiensStill
anotherinvasionmayhavecomefromtheGreatBasinin
cludingsuchspeciesasAedesniphadopsiscampestrisand
flavescensUtahandArizonamayhavecontributedAedes
sierrensisanddeserticolaenteringacrossUpperSonoran
areasofSanBernardinoCountyorthereaboutsAedes
taeniorhynchusCulexanipsandCulexreevesimayhave
merelymovednorthalongthecoastfromBajaCalifornia
AedessticticusandAedesvexansaretwoholarcticspecies
thatmayhaveenteredacrossmountainareasofloweleva
tiontothenorthandbecomeestablishedintheCentral
ValleyEveniftheseguessesarecorrectthisstillleaves18
speciestobeaccountedforAfewofthemsuchasAedes
bicristatusandCulexbohartimayhaveoriginatedinCali
forniaMostoftherestarewiderangingspeciesandsome
ofthemmayhavebeenintroducedbycommerceOneex
amplemightbeAedesnigromaculisAmorerecentfind
AedesatropalpusmayalsobesuchasituationOnefemale
infreshconditionwascollectedinaculvertneartheAmeri
canRiverbyRichardMeyersastudentatSacramentoState
CollegeSincethespeciesisawellknownlarvalinhabitant
ofrockholesitcanbetheorizedthatitemergedfromsuch
situationsalongtheAmericanRiverItsestablishmentin
Californianeedsverification

WhenweconsidertheCaliforniafaunawithrespectto
areasoforiginthismayleadtoachangeinperspectiveand
somethoughtaboutspeciesofmosquitoeslikelytobedis
coveredinthefutureaslongtimebutobscureinhabitants



orasrecentlyestablishedintroductionsCertainlythereare
indicationsthatseveralexoticspecieshavehadampleop
portunitytobecomeestablishedbuthavefailedtodoso
OneexampleisthetemporaryinfestationofAedesaegypti
inSanFranciscoAngelIslandandSanDiegoattheturnof
thecenturyKumm1931Althoughtheinfestationwasat
tributedtoshipsfromSouthandCentralAmericathismos
quitohassincebeenreportedasbeingwellestablishedin
southernArizonaBequaert1946anditwillbeinterest
ingtospeculateonadditionalintroducedspeciesthatmay
ormaynotbecomeestablishedinCaliforniainthefollow
ingdecades
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BrinefliesthesmallblackishfliesontheGreatSalt
Lakehavecontinuedtobeamajorproblemoverthepast
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ANATTEMPTATBRINEFLYCONTROLONTHEGREATSALTLAKE
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MagnaUtah84044
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packardiEphydraauripesandEphydrapectinulata
ThesefliesemergefromtheLakeandswarmingreat

numbersonthesurfaceofthewaterandalongtheshore
creatinganuisancetothetouristsbathersresortowners
andsaltcompaniesMortonSaltCompanyandLeslieSalt
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Companybothlocatedonthesouthshorehavehadpumps
andfilterspluggedbybrineflies

TheGreatSaltLake15mileswestofSaltLakeCityis
78mileslong40mileswideandcoversanareaof1675
squaremilesBrinefliescanbefoundonmostoftheshore
lineTherearealsosevenmainislandsintheLakeandmost

ofthesecontainthefliesTheeconomyofthisareahas
certainlybeenaffectedbythesenonbitinginsects

Agreatdealofstudyandfieldworkhasbeenconducted
byhighlyqualifiedpeopleandseveralpapershavebeen
writtenconcerningthesefliesHowevermostofthiswork
hasbeendoneonAntelopeIslandneartheeastendofthe
GreatSaltLakeMypaperdealsonlywiththesouthshore
oftheLakewhichislocatedintheMagnaMosquitoAbate
mentDistrict

TheseflieshavebeenactiveontheGreatSaltLakefor

manyyearshoweveritwasntuntil1965thattheywere
broughttomyattentionJohnSilversownerofSilvers
SandsBeachcalledmyoficethatyearandreportedthe
fliesweresobadpeoplewererunningfortheircarsand
leavingthebeach

Afteraninspectionoftheareaitwasdecidedthatwe
wouldtrytocontrolthefliesbysprayingwithgroundequip
mentVerylittlesuccesswasrealizedeventhoughwetried
severaldifferentmaterialsapplyingthemwithaDynafog
gerandaBuffaloturbinesprayerTheMagnaDistricthad
nofundstocontinuethisprogramsoMrSilversstarteda
sprayingprogramofhisownapplyingfueloiltothebeach
areasandfogaroundthebuildings

Thisdailysprayingreducedthefliestoatolerablelevel
howeveritdidcreateotherproblemsThefueloilwasnt
themostdesirablematerialtohaveonthebeachandthe
millionsofdeadfliesandpupaeskinswhichwashedashore
createdaveryoffensiveodorThismesshadtobecleaned
updailybyemployeesoftheresort

MrSilvershascontinuedthistypeofcontrolforthepast
severalyearsatacosttohimofover70adayduringthe
summermonths

Earlylastyear1971severalinvestorsexpressedade
siretobuildamultimilliondollarresortcomplexonthe
southshoreHowevertheywereveryconcernedaboutthe
greatnumberofbrineflieswhichareactiveintheareaand
thenuisancetheywouldcausetothepeople

TheSaltLakeAreaChamberofCommercebecamecon

cernedabouttheproblemandcontactedmyofficeforas
sistanceTheywantedtostartatestprojectinthearea
HoweveritwaslateJulybeforetheChambercouldmake
allarrangementsforatestingprogramIagreedtoactasan
advisorandhelpinsettingupatestplotonthesouthshore

Testcupsweresetup50feetapartatthewatersedge
andasfarbackas25feetfromthewatersedgeEachcup
contained2025adultfliesoffourdifferentspeciesOne
cupcontaining2025flieswaskeptisolatedfromthetest
areaforcomparisonlaterntheday

Itwasdecidedthatmalathionfivewouldbethemainin
secticidebecauseofthesafetyfactorandthesuccessofthis
materialagainstthefliesonAntelopeIslandMalathion
wouldbeappliedatthestandardrecommendedratesofthe
manufacturer

EquipmentusedforthistestprogramwasaBuffalotur
binesprayeraLondonfoggeneratorandaBell250horse
powerhelicopterequippedforsprayingEachpieceofequip
mentwasusedinseparatetestareasandondifferentdays
Allsprayingwasdoneintheearlymorninghourswithwind
conditionoftwotofivemilesperhour

Theturbinesprayerseemstodoabetterjobthanthe
foggerkilling100ofthefliesinthetestcupsinlessthan
anhourandreducingthefliesonthebeachbyapproxi
mately80 Howeverneithergroundmachinereachedfar
enoughoutintothewaterManyoftheflieswererestingon
thewaterasfaras100yardsormoreoutontheLake
Within24hoursflypopulationswerebackinlargenum
bersThisequipmentalsoboggeddowninthesand

Thehelicopterwasthentestedtreatinganareaapproxi
mately500yardslongand250yardswide50feetback
fromthewatersedgeand200yardsoutonthewaterTest
cupkillswere100fortyfiveminutesaftereachflightand
reducedthenumberoffliesonthebeachbyatleast90
Thistestplotwastreatedbythehelicopteronthreecon
secutivedays

Forseveraldaysnosprayingwasdoneandthetestarea
inspecteddailyThebrineflycountremainedverylowfor
approximately56hoursOnthefourthdayofinspection
theflypopulationbeganincreasingandbythesixthdaythe
flieswereverynumerousinthetestarea

Followingthisperiodstrongwindshittheareaandthe
testswerehaltedfortheseason

Thisprojectreallydidntlastlongenoughtoreachany
finalconclusionshoweverIfeelthatthehelicopterisvery
suitableforthistypeofcontrolandmalathionseemedto
dothejobwhenappliedat04to05poundperacrebythe
helicopter

Howoftentheareashouldbetreatedandhowmuchof

theareashouldbetreatedissomethingthathastobede
terminedwithfuturetestingstartedearlierintheseason

ThesefliescouldhavesomeecologicalvaluetotheLake
andsprayingoftheentiresouthendoftheLakewouldbe
veryexpensiveandunwise

Irealizethatthisflycanneverbecompletelyeliminated
butiftheresortareascouldbesprayedwhenthispestis
activetheypossiblycouldbekeptatatolerablelevel

FutureplansbytheChamberofCommercefor1972
callfora10000budgettocontinuethetestingprogram
onthesouthshoreoftheLakeThisprogramwillbestarted
byJune1iffundsaremadeavailable

ThisprogramwillbeunderthesupervisionoftheSalt
LakeAreaChamberofCommerceandtheUtahParksand

Recreation



INUNDATIONWITHPARASITICINSECTSTOCONTROLFILTHBREEDING
FLIESINCALIFORNIA

EFLegner andEJD

Theinstabilityofmostflybreedingsitesondairiespoul
tryandhorseranchesoftenrequiresspecialattentionand
immediatecontroleffortsatunpredictableintervalsWell
managedranchesundergofewflyupsetscomparedtooper
ationswheremanagementisdifficultornotunderstoodThe
economicpositionofaparticularranchalsorestrictstheef
ficiencyofamanagementeffort

Whenupsetsoccurimmediatemeasuresarerequiredto
reduceflyabundanceFormerlypoisonbaitsandlarvicides
alleviatedsuchproblemsbutasresistancedevelopedother
remediesweresoughtMassreleasesofparasitoidsseemed
oneobviouswaytodirectlyreduceflybreedingThisre
portreviewsprogresswithmassreleasesinCaliforniaandits
feasibilityinintegratedflycontrol

Intheearly1960sresearchersattheUniversityofCali
forniaRiversidebegantoseekalternativestopesticides
Investigationsrevealedparasiticinsectsthatattackedlarvae
andpupaeofmostnoxiousfliesinfilthhabitatsLegner
196519661971LegnerandMcCoy1966Legnerand01
ton1968aLegneretal19661967Althoughscoresof
predatoryandscavengerspeciesalsoexistedinthebreeding
habitatLegnerandOlton1968bPeckandAnderson
1969theparasiticformswereinitiallyfavoredbecauseof
theireaseofmassproductionandtheirabilitiestoseekout
laterdevelopmentalstagesofflieswhichresultedinadirect
reductionofflyemergence

Thefirstseriesofparasiticinundationexperimentswas
conductedin1964LegnerandBrydon1966Legneret
al1966producingasignificantbutlowreductioninFan
niaemergenceinthereleaseareaabout24 Legneretal
1966Theeffectsenduredthroughthewinterandspring
FanniaseasonThesestudiesledtoaworldwidesearchfor
additionalparasiticspeciesthatmightbemoreadaptedto
Californiasclimateandforformsthatcoulddemonstrate
greateractivityduringthecomparativelycoolerwinterand
springFanniaseasonsAlthoughadditionalparasiticspecies
werefoundonlyTachinaephaguszealandicusAshmead
showedadefinitepreferencetoparasitizefliesduringthe
coolermorehumidseasonsNovemberAprilThisspecies
attackinglarvaeoffilthflieswastestedsuccessfullyinmass
releasetrialsduringlatewinterandearlyspringof1970
Olton1971Parasitizationoflarvaewaseffectedinpoul
trymanuretestsiteswherefewnaturalenemiesexisted
priortotheinundativereleasesandflyemergencewassig
nificantlylowered

Thefinalstageinevaluationoftheinundativetechnique
whichispresentlyunderwaystressesthreeclimaticallya

1Researchpartiallysupported byGrantNosGM12699and
GM12496oftheNationalInstitutesofHealthUSPublicHealth
Service

2UniversityofCaliforniaDepartment ofEntomology134Ento
mologyRiversideCalifornia92502

3RinconVitovaInsectariesInc19522 ElRivinoRoadRiver
sideCalifornia92509
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daptedparasitoidsTwelvepoultryranchesintheSanBer
nardinoUplandareawereselectedin1970foracomprehen
sivetestofthismethodwithsixchosenatrandomfor
checksandsixforreleasesitesThousandsofparasiticwasps
werereleasedonthesixranchesbeginninginMarchof1970
ThespeciesreleasedwerenativestrainsofMuscidifuraxrap
torGiraultandSandersandSpalangiaendiusWalkerand
theimportedAustralasianTzealandicusAsampleofpu
paeoftheprincipalflyspeciespresentinJune1970re
vealeda65timeslowerdensityandalmostdoublepercent
parasitizationonthereleaseranchesTable1

Continuingmassreleasesin1971stressedSendiusalone
duringthewarmseasonsandboththisspeciesandTzeakn
dieusduringthefallandwintermonthsTheobjectivewas
toreducelatewinterandspringemergenceofFanniacani
eularisLandFfemoralisSteinbyparasiticattackA
completecostaccountwillaccompanytheoutcomeofthe
currentteststoassessthepracticalityofusingthismethod
indirectcontrol

Shouldtheinundativemethodbepracticalinthereduc
tionofflyupsetsimprovedmassreleasetechniquesthrough
theliberationofexoticstrainsofthesamespeciesfrom
geographicallyisolatedareasofsimilarclimateareavailable
Basicstudieswiththehybridprogenyofcrossesbetween
domesticandexoticstrainshaveshownthehybridstobe
superiorinactivityandlongevitytoeitheroftheparents
theeffectsometimesextendingintoadditionalfilialgenera
tionsLegner1972

Furtheremphasisonbiologicalcontroloffilthflieswill
stressstudiesinotherhabitatsdairiesfeedlotsetcand
willinvolvetheintroductionofadditionalparasiticpreda
toryandscavengerspeciesfromAfricaandportionsofAsia
wherelowdensityflypopulationsoccurinapparentlysuit
ablebreedinghabitatsLegnerandGreathead1969Legner
andOlton1970Legnerunpublisheddata

Table1Flydensityandpercentparasitizationoninte
gratedversuscheckpoultryranchesintheSanBernardino
UplandareaCaliforniaonJune171970

Avgdensityofemerged
fliesperliterofpoultry
manure

Percentparasitizationof
allflyspecies

Integrated
Control Check

21 138

225 129

aFlyspeciesincludeMuscadomesticaL FanniacanicularisL
MuscinastabulansFallenOphyraleucostomaWiedemannSto
moxyscalcitransLPhaeniciasppandSyrphidae
binundationwithlarge numbersofparasitoidsandcontinuousmain

tenanceofsixinchesormoreofmanurehabitat
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FLIGHTANDFORAGINGPATTERNSOFGROUNDNESTINGYELLOWJACKETS
AFFECTINGTOXICBAITINGCONTROLPROGRAMS

Specificinformationontheflightandforaginghabitsof
groundnestingyellowjacketshasbeenmeagerduetotheun
cooperativenatureofthesewaspsSomeofthedifficulties
encounteredinyellowjacketmarkingandrecoveryhave
beenovercomeallowinginvestigationofthesefactorses
sentialtoboththedevelopmentandevaluationofcontrol
programstoproceedThesestudieshavebeenundertaken
toprovidesomeinsightintotheseimportantareas

METHODSANDMATERIALSThesestudieswerecon
ductednearthetownofWoodsideSanMateoCountyCali
forniaTheyellowjacketcoloniesusedweresituatedinan
uncultivatedfairlyopengrassyrollinghillareawithscat
teredoakandmadronetreesThestudyarearangingfrom
440feetto730feetinwidthbyslightlyoveronehalfmile
longwasboundedonthenortheastbyapavedroadandon
thesouthwestbyacreekandaheavilywoodedhillsidethe
southeastandnorthwestendswerecontinuationsofsimilar
terrainPortionsofthesoutheasternendoftheareawere
cultivatedbarleyandasmallorchardandotherportions
weredevotedtonaturalpasturageforhorsesThestudyarea
istypicalofyellowjacketproducingareasinSanMateo
County

1Specialthanks areextendedtoCDonaldGrantforhissupport
ofthesestudiesandreviewofthemanuscriptandtoStevenBurkey
andKellyLCrawfordfortheirassistanceinthefield

CalvinJRogers

SanMateoCountyMosquitoAbatementDistrict
1350NorthCarolanBurlingameCalifornia94010

ofFanniaMuscinaandOphyraIIatsitesintheEastern
HemisphereandPacificareaAnnEntSocAmer615
13061314

LegnerEFandGSOlton1968bThebiologicalmethodand
integratedcontrolofhouseandstablefliesinCaliforniaCalif
Agr22614

LegnerEFandGSOlton1970Worldwidesurveyandcompari
sonofadultpredatorandscavengerinsectpopulationsassoci
atedwithdomesticanimalmanurewherelivestockisartificial

lycongregatedHilgardia40225266
LegnerEFECBayHWBrydonandCWMcCoy1966Re

searchwithparasitesforbiologicalcontrolofhousefliesin
southernCaliforniaCalifAgr2041012

LegnerEFECBayandEBWhite1967Activityofparasites
fromDipteraMuscadomesticaStomoxyscalcitransFannia
canicularisandFfemoralisatsitesintheWesternHemis
phereAnnEntSocAmer602462468

OltonGS1971BioecologicalstudiesofTachinaephaguszealan
dicusAshmeadHymenopteraEncyrtidaeparasitoidofsyn
anthropicDipteraPhDThesisUniversityofCalifornia
Riverside

PeckJHandJRAnderson1969Arthropodpredatorsofim
imatureDipteradevelopinginpoultrydroppingsinnorthern
CaliforniaPartIDeterminationseasonalabundanceand
naturalcohabitationwithpreyJMedEnt6163167

FortuitouslocationoftwonestsoneVespalapensylvan
icaSaussureandtheotherVespulavulgarisLwereonly
5ft3inapartcentrallylocatedinarelativelyclearregion
ofthetestareaandaffordedexcellentopportunityforcom
parativestudyUnfortunatelybeforeactivitycountscould
bemadetheVvulgarisnestwasdestroyedbyamaurading
animalHowevertheactivityoftheVvulgarisnestappear
edtobeontheorderofthreetofivetimesasgreatasthat
oftheVpensylvanicanestUponexcavationtheVvulgaris
nestwasfoundtooccupyacavityofapproximately255
cubicincheswhiletheVpensylvanicacavitywasapproxi
mately154cubicinchesinvolumefurtherindicatingthe
largersizeoftheVvulgariscolony

Yellowjacketsweremarkedatthenestsitewithaday
lightfluorscentpigmentdustusingthemethoddescribed
byRogers1972

StandardyellowjackettrapsRogersandLauret1968
withcookedhorsemeatbaitGrantetal1968wereused
torecoverthemarkedwaspsFreshbaitwasprovidedon
eachdayofthestudyThetrapswereplacedatvariousdis
tancesfromtheneststoobtaininformationonbothshort
andlongrangeflightandforaginghabitsTrapsforshort
rangeflightswerearrangedinthreeconcentriccircularpat
ternswiththetrapsequallyspacedonspecificcompass
bearingswhereverpossibleTheinnercircleconsistedof
threetrapsona20footradiusat0 120 and240The



secondcircleconsistedofeighttrapsona100footradius
at0 45 90 135 180 225 270 and315 The

thirdcircleincompleteduetolimitationsimposedbyvege
tationandtopographyconsistedoffivetrapsat70 90

135 270 and315 Theplacementoflongrangetraps
wasseverelyrestrictedbytopographyandavailablespace
Thereforeonlysixtrapswereusedthreeatamile1320
feetandthreeathmile2640feetfromthemarkednests
onbearingsofapproximately290and305respectively
Inadditiontothesefivetrapsnormallyusedforpopulation
surveillancewerecheckedformarkedyellowjacketsThese
werelocatedfrom400to845feetfromthenestsonbear

ingsrangingfrom260to275
ThestudieswereconductedbetweenAugust30andSep

tember231971
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Fig1Recoveriesofmarkedyellowjacketsatvarious
distancesfromthenests
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RESULTSANDDISCUSSIONFlightRangeMarkedwasps
wererecoveredatdistancesrangingfrom20to1320feet
fromthemarkednestsnonewasrecoveredbytrapsatthe
2640distanceTherateofrecapturedeclinedsteadilyasdis
tanceincreasedFig1

Contrarytoprevioussuspicionsthatyellowjacketsare
notreadilyattractedtofoodsourcesnearthenesttraps
placedonly20feetfromthenestsproducedthehighestre
coveryrateforbothcoloniesTheabsenceofmarkedindi
vidualsatthe2640footdistancewasprobablyduetoan
insufficienttrappingtimeperiodandtoofewtrapsrather
thantotheflightrangepotentialofthewaspsObviously
strongflierstheyareprobablycapableoflongerflights

Whenconsideringflightrangeinrelationtocontrolpro
grameffectivenessandefficiencywearelookingforan
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Fig2Variationinforagingpatternsasshownbythe
rangeinindividualtrapcollectionsoverafivedayperiod
expressedaspercentofdailyrecoveries

Table1Variationinforagingpatternsasshownbyrecoveryofmarkedyellowjacketsinindividualtrapslocated100feet
fromthenestsoverafivedayperiod

PercentofTotalRecoveriesTrapDay

91 92 93

pen vul pen vul pen vul

0 15 20 12 43 7 47 8 23 5 15

45 23 20 11 4 1 7 0 8 9 5

90 0 40 7 4 20 0 23 15 8 3

135 15 0 12 0 13 0 8 0 23 10

180 0 0 9 30 17 20 31 31 6 13

225 15 0 5 0 0 0 15 15

270 15 0 26 4 27 7 8 0 35 36

315 15 20 17 13 15 20 8 8 13 18
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effectiverange ieonewhichpermitsinstallationof
theminimumnumberoftoxicbaitdispensersthatwillstill
attractsufficientnumbersofwaspsfromalllocalcolonies
toproviderapidandeffectivecontrol

Thesedataindicatet1atdispensersplacedabout200
feetapartwillprovideacequatecoverageformostareas
Suchplacementwouldprovideatleastonebaitstationwith
in100feetofanynestintheareaandthreeotherstations
within200feetTheresultsalsoindicatethatcontroleffec

tivenesswouldbeincreasedbythedispersalofdispensers
throughoutthecontrolareatherebylocatingtoxicbait
materialnearernestswithintheareaHoweverthesecond
factoroftimeandareavariabilityinforagingpatternsneeds
furtherstudyRestrictingthedispenserstoanyparticular
regionsuchastheperipherywouldtendtoplacethebait
atgreaterandlessfavorabledistancesfromcentrallylocat
ednestsPeripheralbaitinghowevershouldnotbeignored
asdispenserssolocatedwouldbemosteffectiveinattract
ingwaspsfromnestsoutsideofthecontrolareawhichmay
becontributingtotheforagingpopulationwithinthearea

Dispensersplacedat200footintervalsproduceadensity
ofapproximatelyoneperacrewhichhasbeensuccessfully
usedasastandardinDistrictcontrolprogramsforthepast
severalyearsControlresultsalsohaveshownthatinheavily
forestedareasincreasingthebaitdensitytooneper34acre
producesamoredesirablelevelofcontrol

ForagingPatternAhighlyvariableforagingpatternwas
demonstratedforbothspeciesbyrecoveriesintrapsatall
distancesfromthemarkednestsThisvariabilitywasexem
plifiedbyafivedaystudyAugust30toSeptember3us
ingthe100foottrapcircleDuringthisperiodindividual
trapcollectionsrangedfrom0to47ofthedailytotals
andnopatternuniformitynordirectionalpreferencewas
evidentFig2andTable1Theredidnotappeartobe
anyforagingpatterncarryoverfromdaytodaypatterns
apparentlywereestablishedaneweachday

Maximumexposureothetoxicbaittoyellowjacket
workersisanimportantfactortothesuccessofthecontrol

TheSanMateoCounyMosquitoAbatementDistrict
hasbeenengagedinthestudyanddevelopmentofcontrol
techniquesforgroundnestingyellowjacketsVespulavul
garisLandVespulapensylvanicaSaussureforthepast
severalyearsGrantetal1968The1971programinclud

1Specialthanks areextendedtoCDonaldGrantforhissupport
ofthesestudiesandtoStevenBurkeyandKellyLCrawfordfor
theirassistanceinthefield

programDispersalofthedispensersthroughoutthecontrol
areaasdiscussedunderFlightRange providessuchex
posuretowaspsforaginginthisvariablemannerandthere
foreisagainrecommended

SpeciesDifferencesIthasbeenobservedfromthere
sultsofpreviousbaitingprogramsthatVvulgarisismore
difficulttocontrolthanisVpensylvanicaAlmostinvari
ablythedecreaseinpopulationlevelsresultingfromcon
troleffortsaregreaterforVpensylvanicathanforVvul
garisItwasthoughtthatthiswasdueatleastinparttothe
preferenceofVvulgarisforareasofheavyvegetationmak
ingitmoredifficultforthewaspstolocatethebaitdispen
sers

Itnowappearsthatanotherandpossiblymoreimport
antfactorisproducingthiseffectDuringthisstudycon
siderablylargernumbersofVpensylvanicathanVvulgaris
wererecoveredinallcasesregardlessofthedistanceofthe
trapsfromthenestFig1Atotalof1206markedwasps
wererecoveredofthese878wereVpensylvanicabutonly
328wereVvulgarisThisisinspiteofthelargersizeand
greateractivityoftheVvulgariscolony

ThisleadstotheconclusionthatVvulgarisworkersare
moreattractedbyotherproteinsourcesPerhapstheypre
ferpredationknowntooccurinbothspeciestoscaveng
ingasamethodofacquiringlarvalfoodmaterials
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GrantCDCJRogersandTHLauret1968Controlofground
nestingyellowjacketswithtoxicbaits afiveyeartesting
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tomol616173940
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FIELDTESTINGOFYELLOWJACKETSTOPPERS ANDPOPULATION

DEPLETIONTRAPPINGFORTHECONTROLOFGROUNDNESTINGYELLOWJACKETS
CalvinJRogers

SanMateoCountyMosquitoAbatementDistrict
1350NorthCarolanBurlingameCalifornia94010

edfieldtestingoftherecentlyintroducedYellowJacket
Stopper AlliedChemicalCorporationandcontrolby
thedepletionoftheforagingyellowjacketpopulation
throughtrappingThetestswereconductedinpicnicand
campingareasofHuddartParkawildernessparklocated
nearthetownofWoodsideSanMateoCountyCalifornia

YellowJacketStopperTest

METHODSANDMATERIALSYellowJacketStoppersare



commerciallypreparedunitsconsistingofabaitdispenser
cannedtoxicbaitandachemicalattractantTheunitswere
placednearthebordersofthetestareaMadroneArea
100to150feetapartasperlabelinstructionsThirteen
unitswereusedinanareaofapproximatelythirteenacres
Theywereinstalledduringthethirdweekoftheseasonand
wereremovedduringthetenthweekaperiodofeight
weeksJuly7toAugust231971

AsimilarareaLowerAreawasusedforcomparison
whereinstandardDistrictcontrolmethodsGrantetal
1968wereemployedToxicbaitingwithcookedhorse
meatand1Chlordanewasappliedfortwoperiodsofthree
dayseachduringthefifthandeighthweeksoftheseason

Bothsiteswerepicnicgroundswhichincludedclear
areasforestedareasandsomebrushTheyellowjacketpop
ulationsinbothsiteswerepredominatelyVvulgariswith
onlyfewVpensylvanicapresent

Evaluationofcontroleffectivenesswasdeterminedby
trappingusingstandardyellowjackettrapsRogersand
Lauret1968BecauseofthelownumbersofVpensyl
vanicaonlyVvulgarispopulationmeasurementswereused
forevaluativepurposeswhilepopulationsrefertoforaging
workerstrapped

RESULTSANDDISCUSSIONThecriteriausedbytheDis
trictfordeterminingcontroleffectivenessistheannoyance
thresholdof50yellowjacketstrapweekDesirablecontrol
isachievedwhenpopulationswithinanareaaremaintained
belowthislevel
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ThepopulationintheLowerAreaapproachedthean
noyancethresholdduringthefifthweekandstandardDis
trictcontrolToxicBaitingprocedureswereinitiatedThe
populationagainincreasedduringtheseventhweekaphe
nomenonfrequentlyobservedrequiringanadditionalbait
ingintheeightweekFig1Nofurthercontrolmeasures
wererequiredinthisarea

ThepopulationintheMadroneAreawheretheYellow
JacketStopperswereusedremainedbelowtheannoyance
thresholdforsevenweeksAsuddenincreaseduringthe
eighthweeknecessitatedinitiationofstandardDistrictTox
icBaitingFig1

Therewassomeindicationthatthepopulationinthis
areawasbeingsupressedforthefirstsevenweeksparticu
larlyduringthesixthandseventhweeksDuringthisperiod
yellowjacketswereobservedvisitingthecommercialdis
pensersbuttheinitialliquidconsistencyofthebaitand
thesubsequentdevelopmentofahardsurfacelayerappar
entlyrestrictedtheamountofbaitmaterialthatcouldbe
removedbythewasps

Thereisalsothepossibilitythatcurrentprocessingand
canningoperationsmayadverselyaffectthebaitattractive
ness

PopulationDepletionTrapping

Controlofyellowjacketsbypopulationdepletiontrap
pingietrappingwaspsinsufficientnumberstomaintain

ConsecutiveWeeks

ToxicBaiting
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Fig1ComparisonofcontrolresultsusingYellowJacketStoppers intheMadroneAreaandstandardDistrictToxic

BaitingmethodsintheLowerAreaofHuddartPark
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thepopulationlevelbelowtheannoyancethreshold was

testedinoneparkareaasaralternativetochemicalcontrol

METHODSANDMATERIALSThistestwasconductedin

afamilycampingareaofapproximately20acresThearea
wasratherheavilyforestedwithcoastredwoodmadrone
andoakTheyellowjacketpopulationconsistedalmostcom
pletelyofVvulgarisandonlytwoVpensylvanicawere
trappedduringthe1971season

TwentystandardyellowjackettrapsRogersandLauret
1968weredistributedthroughoutthecampgroundsand
werebaitedweeklyInadditiontothesethreetrapsasused
annuallyforpopulationevaluationwereinstalledThede
pletiontrapsweremaintainedforsevenweeksJuly14to
August241971thefourththroughthetenthweeksof
theseasonTheevaluativetrapswereinoperationthrough
outtheseason

RESULTSANDDISCUSSIONAlthoughatotalof6069
yellowjacketsweretrappedduringthisperiodthepopula
tionwasstillabletorisewellabovetheannoyancethres

holdduringtheseventheighthandninthweeksFig2
Itwasnecessarytoinitiatetoxicbaitingproceduresinthe
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Fig2ResultsofpopulationdepletiontrappingonapopulationofVvulgaris

ninthweektolowerthepopulationtoacceptablelevels
TheinabilityofthismethodtoadequatelycontrolV

vulgarismighthavebeenforetoldifthestudieswithmarked
yellowjacketshadbeencompleteRogers1972These
studiesindicatedthatVvulgarisisnotasreadilyattracted
tothebaitmaterialaspreviouslysupposedHoweverthe
cookedhorsemeatbaitappearedtobehighlyattractiveto
Vpensylvanicaandcontrolofthisspeciesmaybepossible
usingdepletiontrapping

Anotherfactoradversetodepletiontrappingwasthe
competitionbetweenthebaitmaterialandtheabundent
foodsupplyprovidedbythecamperswhilepreparingand
eatingtheirownfoodandtheresultinggarbagedeposited
inopenrefusecans
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programJEconEntomol616165356
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Onceyouacknowledgetherealityofchangeonceyou
recognizeyourownpartindeterminingthedirectionof
thatchangeyouneednolongerdespair youwillfindthe
worldvividwithhopeDrSIHayakawaPresidentSan
FranciscoStateCollege

Thisreportwillbedividedintoseveralsectionsinanef
forttotreatthemanyaspectsofchangewhichmaybeex
pectedinthefutureAccordingtoourCMCA1971Year
Bookmosquitocontrolisactiveinanareacovering40000
squaremilesorabout25percentoftheStateandthisin
cludessome13700000peopleorabout70percentofthe
population

Alldistrictsandhealthdepartmentstosomeextent
usepublichealthprotectionchemicalsandmaintainasur
veillancetomeasuremosquitoandothervectorpopulations
oftheirrespectiveareasAllusesourcereductionasamajor
toolofsuppression

BeforeproceedinganyfurtherwiththismatterIwould

liketodefinetwowordswhichhavebeentossedaroundby
manyandsundryexperts Theyhavetakenonanemo
tionalnatureandhavebeenmisusedintoomanycasesfor
metoeventrytodocumentthemhere

WebstersThirdNewInternationalDictionarydefines
Ecology Abranchofscienceconcernedwiththeinter

relationshipoforganismsandtheirenvironmentespecially
asmanifestedbynaturalcyclesandrhythmscommunity
developmentandstructureinterreactionbetweendifferent
kindsoforganismsgeographicdistributionsandpopulation
alterations

Civilization Thewholeoftheadvanceofhumancul

tureandaspirationsbeyondthepurelyanimallevel
Civilizationisthedescriptiveinventoryofallofthe

modificationsbroughtaboutinthenormallifeofmanin
societyPierreLecomteduNouy

ThefirstitemIwouldbringtoyourattentionisthe
governmentalstructureofthisStateandthenationingen
eralThehistoryofourCaliforniagovernmentalstructure
reflectstheexperienceofthepioneerswhocametoCali
forniafromtheeasternstateswherebossism graftand
outrightdishonestyinlocalcountyandstategovernment
wereacceptednormsThesepioneersweresuccessfultoa
greatdegreeinsettinguplawstopreventthistypeofabuse
inCaliforniaTheBrownAct topreventsecretmeetings
andtheconflictofinterestlawstopreventmembersof
governingbodiesfromprofitingfromthenonpartisanelec
tionforcityandcountygovernmenthavepreventedthe
growthofhugepartymachinesbelowthestatelevelIn
spiteofwhatmanymaysayCaliforniaisoneofthebest
governedstatesintheUnion

HoweverweareaddressingourselvestothefutureThe
SanFranciscoBayAreanowhassevenseparateanddistinct
entitiesofregionalgovernmentnoneofwhichisbylaw
responsibleforortotheotherTheyaretoallintentsand
purposesregionaldistrictswithseparatepowersandrespon
sibilitiestoperformspecifiedacts

COMMITTEEOFTHEFUTUREREPORT

JamesWBristow

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenueSouthGateCalifornia90280
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TheLegislaturehasnotformedoneactualregionalgov
ernmentinCaliforniawiththepowertoactinallmatters
concerningtheencompassedcountiesandcities

Regionalproblemsarebeinghandledinthesamegeneral
mannerastheMattoonActenactedearlyinthiscentury
laysout

Theregionalconceptofgovernmenthasbeenused
throughouttheStatebytheformationofspecialdistricts
suchastheMetropolitanWaterDistrictwhichextendsfrom
VenturaCountytoSanDiegoCountywithitsservicesthe
SoutheastMosquitoAbatementDistrictwith26citiesand
theCountyofLosAngelesThereareotherstoonumerous
tomention

IcanseenoreasonfortheCaliforniaLegislatureto
changethemethodofcontrolofregionalproblemsThe
pressureforregionalgovernmentcomesnotsomuchfrom
thepeopleinvolvedasfromtheFederalgovernmentThe
mostrecenttrendtowarddirectgrantstocitiesportendsa
broaderconceptofhelpandaddedstrengthtolocalcontrol
Thehugemegocentropolisenvisionedbythecloisteredad
vocatesofcentralizedcontrolarealongwayintothedistant
futureIsincerelydoubtthatanyoneofuswilllivetosee
suchSeeFootnote1page137forDivergentOpinion

Thepurposeofmosquitocontrolistoprotectthepublic
itservesfromdiseaseproducingandpestinsectswhichen
dangerhumanwellbeingTheobjectivethenistoprotect
ratherthantodestroyThereforewhenmakingchangesall
factorsexistinginanenvironmentmustbeconsideredprior
toanyactiontakenChangesintheenvironmentconsidered

herearephysicalandbiologicalBiologicalandorphysical
changeswhicharemadeinanyenvironmentcannotbecon
sideredseparatelybecauseecologyconcernsalllivingthings
Whenanenvironmentisphysicallyalteredlevelingfilling
etcthenaturalhabitatisdrasticallychanged

Mosquitocontrolinsecticidesoftheimmediatefuture
willplaceverysignificantrelianceonpetroleumhydrocar
bonssuchasFlitMLOSubsequentcontrolmaterialsand
approacheswillutilizeinsectsterilantsbacteriaprotozoa
virusesandgeneticmanipulationVeryspecificandsingle
purposeitemsaimedatcontrollingonlyoneorganismmos
quitoeswillbedevelopedandutilizedAdequatelevelsof
mosquitosuppressioncannotbeattainedbycompletereli
anceuponmosquitosourcereductionSupportivemeasures
willbeessentialandwillincludetheuseoftoxicantsof

varioustypesSourcereductionhoweverwillincreasein
importanceasthecostofthepublichealthchemicalsin
creasesThecostincreaseisnowbeingfeltinmanyareas
andmaybecomesoacuteinthenearfuturethatcontrolbe
yondsourcereductioncouldbecompletelyabandoned
Limitationsontheuseofpermissiblepublichealthchemi
calshavealreadycurtailedtheuseoftoxicantsbysomedis
trictsinourCentralValleyduetothecompleteimmunity
builtupbythemosquitoesTestingofnewchemicalshas
almostbeenabandonedbythemanufacturersThecostof
testingandobtainingapprovalfortheuseofnewchemicals
hasbecomesoprohibitivethatmanufacturerscannotafford
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theinvestmentwhileothermorelucrativeavenuesofcost

returnlayopentothem
Sincemosquitoeshavebecometoleranttoorganophos

phorusinsecticidesprescriptionapplicationofthese
chemicalsisnowthegeneralapproachtomosquitocontrol
ByprescriptionapplicationsImeantheuseofaspecific
chemicaltocontrolaspecificmosquitospeciesinapartic
ularsource

Inthefuturewewillseeanexpansionofprescription
control whichwillfeatureenvironmentalmanipulation
andnaturalisticapproachesasthestandardpracticeswith
chemicalcontroldescendingtoasupportiveroleThepri
maryobjectiveinfuturemosquitocontrolprogramswillbe
sourceprevention

Mosquitoabatementdistrictsforsometimenowhave
usedlocalfundsforresearchconnectedwiththeimmediate

problemsofthedistrictareaSeveralofthelargerdistricts
haveprovidedfundstotheUniversityofCaliforniatodo
researchonspecificareasandproblemsFundsforbroadre
searchbytheUniversityofCaliforniahavebeenseverely
restrictedbytheadministrationoftheUniversityitselfand
furtherbytheattitudeoftheLegislatureandtheGovernor
towardadvancingfundsforgeneraluseFutureresearchin
thebroadareaofpublichealthchemicalswillhavetobe
donewithFederalorStagfundsornotbedoneatall

Theoutrightbanningoftheuseofpublichealthchem
icalshasnotasyetrunitscourseThesocalledenviron

mentalistconcernoverecologyhasforgottenthemeaning
ofthewordorhasneverbotheredtolearnitCivilization
hassufferedthroughthecenturieswithplaguespestilence
warsanddisastersandalthoughhaltedforatimehaspick
edupthepiecesandgoneontogreaterandbetterthingsI
cannotbelieveatthistinethatthelawmakersofthis
landwillbesoblindastowaituntilsomedisastrousepidem
icofdiseaseoccurstoseethetruemeaningofecologyasit
relatestocivilizationandtheenvironmentofman

Theleadtimeneededfordevelopmenttestingandap
provalforpublichealthchemicalshasbeenincreasingfor
sometimeDDTanditsderivativesweremanufacturedand
putintogeneraluseduringWWIIwithaleadtimeofabout
twoyearsTodayleadtirneisataminimumoffiveyears
withnoproductsontheupcomingmarketthatmeetthe
needsofthepublichealthsectorAnyproductthatwill
meetthoseneedsandsatisfytheenvironmentalistrestric
tionswillundoubtedlybeprohibitivelyexpensivetomanu
facturedistributeandapply

Whenmakingphysicalchangesintheenvironmentcon
siderationmustbemadeastohowthesechangeswillaffect
athenaturalanimalandplantbalanceexistinginthearea
bthephysicalaspectsoftheareaieerosionwaterand
windpercolationsaltbalancecagricultureieeconom
icproductionpestcontrolwaterusageetcdthecom
mercialandindustrialdevelopmentsthehomeowner

Considerableevaluationthenofallenvironmentalfac
torsinvolvedwillbethoroughlymadeinthefuturepriorto
recommendinganyalterationstobeeffectedinahabitat

Naturalisticchangesinahabitatcangenerallybedivided
intothreeverybroadcategoriesnamelyabytheaddition
totheenvironmentofnaturalisticcontrolagentsbby
eliminatingexcludingorganismswhichinhibitthedevelop
mentofnaturalcontrolagentscbymanipulationofex
istingandintroducednaturalcontrolagents

Naturalisticcontrolagentspresentinpermanentand
semipermanentricewatersthemostpromisingyetchal
lengingandperplexingapproachestomosquitocontrol
forthefutureAdelicatebalanceofpredatorpreydisease
hostandphysiologicgeneticmakeupmustbemaintained
oralteredtokeepmosquitoesbelowthediseaseandorpest
thresholds

Toeffectprescriptioncontrolbyuseofenvironmental
andornaturalisticmethodsthepreciseapproachforthe
particularproblemormosquitosourcemustbemadeTo
makethisdecisionacompleteanalysisoftheproblemmust
firstbemadeThisanalysiswouldincluderecordsonall
existingphysicalandbiologicalfactorsandalsoanevalua
tionofthepotentialoutcomewhenthesephysicalandbio
logicalfactorsaremanipulatedoraltered

Accumulatedrecordsacquiredbygroundandairsur
veillancewilleventuallychangethemosquitocontrolap
proachtooneofprescriptionmosquitopreventionand
controlForeseenistheuseofindicatorswhichshowup
inagriculturalareasasforerunnersofmosquitoproblems
Correctionmaybeeffectedthusbeforethemosquitoprob
lembecomesactualAerialsurveillancebyphotographyis
seenasakeytofuturemosquitosourcepreventionand
control

Goodrecordkeepingisakeytothesuccessinprecise
prescriptionsourcepreventionandcontrolStandardized
recordkeepingandpoolingofdataintoacentralizedretriev
alsystemamongCaliforniadistrictswillaidconsiderablyin
puttingintoimmediatepracticethepracticalknowledgeac
quiredanywhereintheState

Manpowerneedsofthefutureisanareaofmorethan
passingconcernTwofactorsmuchdiscussedinthepast
mustbefaced

Thefirstistheupgradingofthepersonnelwhoactually
dotheworkinthefield sprayingdustingsourcereduc
tionwatermanagementothervectorcontrolandtheup
keepofequipmentandrecordsusedtoshowwhatisdone
andwhatitcoststoreachacceptablelevelsofcontrolCer
tificationofthemanpowerbyStateauthorityoffersbotha
solutionandadilemmaToeducateandcertifypersonnel
meansthatthereaftertheiremploymentmustbeonyear
roundbasisSeasonalemploymentexceptforapprentice
personnelasisnowpracticedwillbeataminimumHigh
lytrainedcertifiedpersonnelwilldemandhigherwagesand
workingconditionsaswellasimprovedfringebenefitsnow
avoidedorheldtoaminimumbytheseasonalnatureof
mosquitocontrolHopefullyhowevertheprogramofthe
futurewillbemorequalitativeandshouldrequirefewer
overallstaffpossessinggreaterqualifications

Thesecondfactoristhecoordinationofmethodsmeans
andproceduresusedbythevariousdistrictsThelogicalco
ordinatorshouldbetheStateHealthDepartmentBureau
ofVectorControlandSolidWasteManagement

ThededicatedworkofthestaffofthisBureauingiving
assistanceguidanceandinformationtothemosquitocon
troldistrictsisastorythatneednotberecountedherebe
causeyouinthisaudiencehavebeentherecipientsofthat
helpWeintheCMCAsince1965haveaskedbeggedpeti
tionedanddemandedthatthestaffoftheBureaubeex
pandedtomeetthegreaterneedsofthedistrictsBoththe
executiveandthelegislativearmsoftheStatehaveturneda
deafeartoourpleasHadtherequestsforsourcereduction



engineersagriculturalspecialistsinirrigationmethodsand
otherhighlyqualifiedpeoplebeenheededlongagoour
positiononmanyofourprojectswouldbehighlyim
provedThetaxpayersinthedistrictswouldhavenodoubt
savedmanytimesthecostofsuchspecialists

TodaychangeisswiftThisisthedirectresultofade
lugeofnewknowledgeinpracticallyallfieldsofendeavor
bombardingusfromalldirectionsHoweverremotemuch
ofthisnewknowledgemayseemfromourinterestswemay
safelyassumethatwetoowillbecaughtupinnewtech
nologythatwillextendoroutmodeouroldmethods

Traditionallyweputchemistsinonecompartmenten
gineersinanotherbiologistsinanotherandsoonThe
welldefinedspheresofknowledgeandcompetenceinthe
pastwerepossiblebecauseoneindividualcouldassimilate
mostoftheknowledgeavailableinaparticulardiscipline
Theconceptofcompartmentalizedprofessionalsworked
welltosolveroutineproblemswhichoccurredatamoderate
rate

Theproblemsweinmosquitocontrolfacenowandin
thefutureareneitherroutinenorinfrequentMosquito
preventionrequirestheknowledgetobefoundinseveral
disciplines chemistrybiologyengineeringzoologyand

SPECIALDISTRICTSASENTITIESOFGOVERNMENT
HowardRGreenfield

NorthernSalinasValleyMosquitoAbatementDistrict
PostOfficeBox5037SalinasCalifornia93901

Withfewexceptionsspecialdistrictsgovernedby
boardsoftrusteesandfunctioningforonespecificgoalorpurpose
willhavedisappearedfromthegovernmentalscenewithin20years
Thesesinglepurposespecialdistrictswilldisappearnotbecausethey
werenotperformingefficientlyoreffectivelybutbecauseregional
izedgovernmenttheantithesisofspecialdistrictswillgaingeneral
acceptancebecauseregionalgovernmentpromisesthatoperational
costswillbereducedmateriallyRegionalgovernmentpromisesto
consolidatelikefunctionssuchaswaterconservationfloodcontrol
waterdistributionandwastewaterdisposalsystemsintosuperde
partmentswithattendantreductionsincostsofoperationandin
creasedefficiency

Thistrendtowardtheregionalizationofcertainspecialfunction
districtswillberesistedforobviousreasonsIfthisresistancetoward

regionalizationofcertainspecialfunctiondistrictsistobesuccessful
thepresentconceptsaboutvectorcontrolagenciesinparticular
mustbechanged
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soforthincludingexpertiseinmoldingpublicattitudes
Therisingtideofnewknowledgeforcespeopletothevari
ousdisciplinesintoevernarrowerspecialization

Thepeopletowhomwewillbelookinginthefuture
willnecessarilybehighlyspecializedintheirrespective
fieldscapableofsortingoutthehitsofinformationfrom
thevaststoreofavailableknowledgethatisapplicableto
thehighlyspecializedjobofpreventingorcontrollingmos
quitoesThespecialistswillworkasteamscombiningdis
ciplinestosolveproblemsinmosquitocontrol

Inadditiontohorizontalintegrationofdisciplinesthe
relationshipsofmanagersoperationalpersonnelandground
leveltechnicianswiththeexpertsandspecialistswillevolve
intodirectconsultationwitheachotherThiswillallowall

levelstoparticipateindecisionmakingDirectconsultation
atalllevelswillacceleratedecisionmakingaswellasimple
mentationofnewtechnologies

Inconclusionletmestatethateversincethebeginning
oftimemanhasevidencedconcernabouttomorrowWhat

happenedyesterdayishistoryTodayisbarelytoleratedbe
causetomorrowisthesuspensefulfutureIfwehereas
membersoftheCommitteeoftheFuturefor1971haveen
lightenedyouinanywaythenwehavefulfilledourfunc
tion

Theconceptthatuntrainedunskilledworkerscanbeemployed
asmosquitoorvectorcontrolworkersmustbeeliminatedThecer

tificatednonscientificandnontechnicallyorientedpersonnelmust
bediscardedTheconceptthatagenciessuchasmosquitoabatement
districtsareaonefunctionsinglepurposeprogrammustbeimmedi
atelydiscardedevenifitmeanschangingthenameofthepresent
organizationoftheCMCAandofmosquitodistrictsEmphasismust
begiventotheconceptthatstaffsofmosquitoabatementdistricts
aretechnicallyqualifiedenvironmentallyconcernedprotectorsof
thepublicshealthbyreasonofthevectorcontrolprogramsadmini
steredanddevelopedundertheirguidance

Myfinalcommentisdirectedtowardthepresentconcernover
thefailureofpesticidestocontrolmosquitoesandtheresultant
thoughtthatbecauseofthistemporarysetbackmosquitocontrol
agenciesmustresorttolegalconceptsknownasabatementpro
ceedingsInmyopinionthisphilosophywillonlyhastentheday
whenregionalgovernmentwillabsorbprogramssuchasoursIfirm
lybelievethatwemustrestateourresolvetoremainaserviceori

entedagencydedicatedtotheideathatweprovidepublichealth
protectionfromvectorbornediseasesbecausewehavethetechnical
skillsandcompetencytoresolvevectorcontrolproblemsbydirect
application notbylegalabatementnotices



Oneoftheprimaryreasonsfortheannualmeetingofthe
CaliforniaMosquitoConirolAssociationCMCAistopre
sentpapersandelicitdiscussionsonmosquitocontrolprob
lemsandtoshareinformationandideasonalllevelsand
facetsofouroperationsDuringthepasttwoandonehalf
dayswehaveheardapproximately100presentationsabout
theproblemsaccomplislmentsandobjectivesofmosquito
controlagenciesthroughouttheUnitedStatesTheformal
settingforthisactiveexchangehascometoacloseforan
otheryearButeventhoughweleavewithmorethanwe
camewithandeventhoughwehavehadagoodtimeitis
notlikeChristmas SantaClausisnotgoingtotakecare
ofourproblemsWhenwereturnhomewewillbefaced
withthesameproblemsthatwehadwhenwecamealthough
wewillhavemoreinformationonhowtosolvethemWhen

wegethomewewillstillhaveresistanceandlegislativeprob
lemsRegionalgovernmentwillcontinuetobeathreatRe
searchisstillgoingtobeneededCertificationwillstillbea
questionEncephalitiswillbeadiseasethreatandpublicre
lationswillbesomethingwethinkaboutButwithoutthese
problemstherewouldbenoneedforourAssociationorour
districtsThelawsweoperateunderexpectthatwewillac
complishourchargewhileadheringtotheobligationsof
properadministrationofpersonnelandtaxdollars

Ihaveagreatdealofprideinthepeopleandtheaccom
plishmentsofthisAssociationandIhavegreatfaithinour
futureIsincerelydoubtthatthechallengesof1972areany
greaterorlesserthanthechallengeswefacedin19421952
or1962Theonlydifferenceisthatthosechallengeshave
beenmetandwonBecauseoftheCaliforniaMosquitoCon
trolAssociationwehaveknowledgeofthosepastyearsand
canprofitfromourexperiencesOurAssociationisthe
backboneoftheachievementsinmosquitocontrolinCali
forniaItisourprimaryresourceinservingthepublicof
CaliforniaOurAssociationisessentialbutlikeourown
districtsithasitsproblerns

Ihavedebatedmentallyabouthowforthrightoneshould
heindiscussingthesesituationsandhavedecideditisonly
fairthateveryoneknowmyposition

Firsttherearepettyindividualjealousieswhichrestrict
theaccomplishmentsofthisAssociationIbelieveweshould
allbeworkingtowardsthebettermentofourAssociation
andthesepettypersonalitydifferenceswillnotbetolerated

SecondIfeelthebickeringsaboutourAssociationfi
nancingareludicrousAssociationduesareessentialtoac
complishourobjectivesMyowndistrictpaysmoretothe
CaliforniaSpecialDistrictsAssociationthanitpaystothe
CaliforniaMosquitoControlAssociationandgetslessforit
TheWaterDistrictinGoletaValleypays1800peryearto
beamemberofitsassociationTheSanitaryDistrictpays
1300peryearThereisaverysmallCemetaryDistrict
whichpays75ayearIrealizethereisagreatdiversityof
opinioninthisareabutIstillseenoreasonwhywithproper
recordkeepingandsoundfinancialmanagementwecan
notsetourgoalsforsuccessandourduesasnecessaryLets
getoutoftheDarkAgesItcostsmoneytoproduceandif

INCOMINGPRESIDENTSMESSAGE

RonaldLWolfe

GoletaValleyMosquitoAbatementDistrict
PostOfficeDrawer460GoletaCalifornia93017
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webelieveitsinthebestinterestofmosquitocontroland
thebestinterestofthepeopleweserveweshoulddoit
Itisabouttimewedecidedwhatwearegoingtodoand
howwearegoingtodoit

Whichbringsupthematterofresistanceresearchand
legislationPeoplehavetalkedaboutresistanceforyearsand
yetwearenofurtheraheadthanwewereseveralyearsago
Ifinditinterestingthatfewdistrictsarereallyasconcerned
aboutresistanceastheissuewouldseemtoindicateThis

waspointedoutverypoignantlyattheMondayafternoon
sessionIfresistancereallyisaproblemwhyarentwetel
lingourstoryWhyarentwegettingmoresupport

Onereasonisthatwearenoteffectiveinthelegislature
Idoubtveryseriouslythatanyoneofyouwouldgiveyour
entomologistamicroscopeandtellhimtodohisjobor
thatyouwouldgiveanuntrainedindividualajeepandtell
himtogokillmosquitoesIthinkitisjustasfutiletosend
oneofourpeopleintothehallsofthelegislaturetotryto
dothejobhewassenttoaccomplishOurfailuresinthis
areaspeakforthemselvesIsincerelybelieveitistimeforus
tosetourgoalandemployassistancetoobtainitifwe
reallydobelieveweneedit

Ialsobelieveitistimeforustomeetourlegislatorsand
tellourstoryIfweweretohaveanepidemicintheStateof
Californiathatcouldhavebeenpreventedifwehadhadthe
researchfundsnecessarynoneofuswouldbeabletosleep
ifwehadntdoneeverythingpossibletoprecludeit

Therehasalsobeenagreatdealofinterestandstudya
boutregionalgovernmentItisasdifferentintheNorthand
SouthoftheStateasisresistanceJustlikeresistanceho
everitisspreadingandIamsureitisgoingtoaffectallof
usIthinkitisfortunatethatthedistrictthathasbeenhit
thehardesthappenstobeoneofthegiantsofourAssocia
tionandhasdoneanadmirablejobincopingwithitHow
manyofuscouldsaythesamethingifwewereaffected
nextUnfortunatelymanypeoplefeelthatthemosquito
problemisaboutasbigastheinsectitselfButthenwhose
faultisthatIfwetoldothersoutsideourprofessionabout
whatwehavebeentalkingaboutthesepasttwoandone
halfdayswewouldnthavethisproblemIfwetoldothers
aboutthemonsterthatweseemtothinkwearefighting
theywouldntwantourjobunlesstheyfeltwewerenotdo
ingitproperlyorwereunqualifiedtoholdourpositions

Thisbringsupthematterofexpandedscopeandcertifi
cationofemployeesThefirstitemIhopetoexplorein
depthThesecondIwillnotdiscussnowbecauseIhopeto
makeitarealityin1972Ihavemanyotherideasthatwill
bepresentedatalaterdateIhavebeeninmosquitocontrol
forabouttenyearsanddonotrealizethatsomethingscan
notbedoneIhopeIhavestirredupsomethoughtsinyour
mindsInclosingIwantyoutoremembertheobjectivesof
theCaliforniaMosquitoControlAssociationTheyareto
promotecooperationamongthosedirectlyandindirectly
concernedwithandinterestedinmosquitocontrolandre
latedsubjectstostimulatethedevelopmentofimproved



methodsandtechniquesandtodisseminateinformationin
relationtheretoandtoaidintheadvancementofthisfield
inCaliforniaandelsewhere

EFFECTSOFLARVICIDESONNONTARGETINSECTS
2 3 2

MirSMulla RobertDSjogren andJorgeRArias

RecentlymosquitoesinCaliforniahavebecomehighly
resistanttomostcurrentlyusedandsomeoftheexperi
mentalorganophosphorusinsecticidesGeorghiou1970
SchaeferandWilder1970Thereareindicationsofalow
tomoderatelevelofcrosstolerancetosomeoftheOPand

organocarbamateinsecticidessuchasDursbanandChev
ronRE11775whichhavenotbeenextensivelyusedorreg
isteredyetformosquitocontrolSchaeferandWilder19
70ItseemsthatthelifeexpectancyofmostnewerOPand
OCmosquitolarvicidesisnolongergreaterthantwoor
threeyearsassuggestedbyMulla1968

Toovercomethesedifficultiesemphasiswasplacedon
studiestoevaluatematerialswhichwillbelesspronetothe
developmentofresistanceTheseincludethepyrethroids
naturalandsyntheticwhichweretestedforadulticidal
andlarvicidalactivitySeveralneworganophosphatesand
othercompoundswerealsoevaluatedforbiologicalactivity
againstmosquitoesInthecourseofstudiesonlarvicidalef
ficacythenumbersofaquaticnektonicinsectswerealsoas
sessedtoseeifthesetreatmentscausedanyreductionin
theirpopulationdensity

METHODSANDMATERIALSAdulticides SBP1382

orNRDC104orNIA173705benzyl3furylmethyl22
dimethyl32methylpropenylcyclopropanecarboxylate
approx70trans30cisisomerswasevaluatedasa
queousoroilsprayagainstadultAedesnigromaculisLud
lowinirrigatedpasturesEmulsifiableconcentrateandcon
centratesolutionsofthismaterialwereemployedInthe
aqueoussprayformtheemulsifiableconcentratewasused
PyrethrinsEC16andpiperonylbutoxidewereappliedin
polypropyleneglycolorpetroleumoilsThesprayswereap
pliedbyvariousaircrafttofieldsinRanchoSantaMariaand
otherirrigatedpasturesinKernCountyCaliforniausing
variousamountsofliquidsprayperacre

IStudiesconductedincooperationwiththeKernand Coachella

ValleyMosquitoAbatementDistrictsTheassistanceofHADar
wazehBureauofVectorControlandSolidWasteManagementin
portionsofthesestudiesisdulyacknowledged

2UniversityofCaliforniaDepartmentofEntomology134 Ento

mologyRiversideCalifornia92502

3KernMosquitoAbatementDistrictPostOffice Box1271
BakersfieldCalifornia93302
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WehavetheresourcesWeneedthemotivationLets

uniteoureffortsandturnourgoalsandobjectivesintoour
accomplishmentsfor1972

MOSQUITOADULTICIDESANDLARVICIDESEFFICACYUNDERFIELDCONDITIONSAND

TwopetroleumhydrocarbonsToxisolFLCknownas
ARCOLarvicidalOilAtlanticRichfieldCoandKlearOil
WitcoChemCowereusedasextendersBothoilsare
commerciallyavailableandarecharacterizedwithhighboil
ingranges

LarvicidesStandardemulsifiableconcentratecon
centratesolutionemulsifiableconcentratestabilizedfor
longevityLLXandforalkalineconditionsAlkandmi
cronizedandstandardwettableformulationsofSBP1382
wereemployedforlarvalcontrolinvariouslocationsThe
materialswereappliedeitherbypressurizedhandsprayers
orbymeansofsmallonepinttriggeredallpurposehouse
holdsprayers

Theremaininglarvicidalmaterialswiththeexceptionof
PhosvelVC605wereevaluatedinexperimentalponds
locatedatMidgevilleUniversityofCaliforniaCampusRiv
ersideandOasisintheCoachellaValleyofSouthernCali
forniaThesametechniquesofapplicationandevaluation
wereusedasthoseforSBP1382

Thepercentreductionofthirdandfourthstagelarvae
wascalculatedfromcountsfivedipsperplotorpond
takenbeforeandonetwoorsevendaysposttreatment
Eachtreatmentwasreplicatedtwiceandcheckpondswere
sampledconcurrentlywiththetreatmentstogetsomeidea
aboutthebreedingtrendsofmosquitoesintheexperimental
ponds

InadditiontoSBP1382thefollowingmaterialswere
evaluatedinthesestudies

Allethrin2allyl4hydroxy3methyl2cyclopenten1one
esterof22dimethyl32methylpropeny1cyclopropane
carboxylicacids

Dimethrin24dimethylbenzyl22dimethyl32methyl
propenylcyclopropanecarboxylate

PyrethrinsfromplantspeciescomposedofpyrethrinIII
cinerinIIL

GalecronN4chlorootolylNNdimethylformami
dine

Phosvel VCS506025dichloro4bromophenylo
methylphenylthionophosphonate

RE11775msecbutylphenylNmethylNphenylthiocar
bamate
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RESULTSANDDISCUSSIONAdulticidalStudies1970

testIn1970studiestheadulticideswereappliedtoirri
gatedpastureswhereadultmosquitoeswererestingEfficacy
wasassessedbytakingbodylandingcountsbeforeandatin
tervalsaftertreatmentCountsinuntreatedfieldswerenot

takenduring1970studiesInapreliminarytestSBP1382
orNRDC10440concentratewasdilutedwithARCO
larvicidalOilandappliedattherateof01lbacreofSBP
1382in05gallonoilperacretopasturesinKernCounty
About30acresofanirrigatedpastureinfestedwithAni
gromaculisweretreatedwithaircraftflyingat15ftheight
withaneffectiveswathwidthof60feetThepasturewasa
milelonghavingapretreatmentcountof41adultslanding
onthelowerextremitiespermanWithinonehourpost
treatmenttherewas100reductioninthebitingrateof
adultmosquitoesThisrevelofreductioncontinuedupto
24hoursposttreatmentbeyondwhichobservationswere

discontinuedLarvaeofAnigromaculispresentinthesame
pasturesuffered70reduction13hoursposttreatment

InanothertestconductedinRanchoSantaMariapas
turesinKernCountya40acrefieldwastreatedwithare
ducedrate005lbacrelofSBP1382appliedin05galof
ARCOLarvicidalOilperacrebyairAlmostcompletecon
trolofadultmosquitoeswasachievedwithinanhourafter
treatmentTable1Thelevelofcontrolwasstillhigh24
hoursaftertreatment

Table1SuppressionofadultAedesnigromaculismos
quitoesinanirrigatedpasturewithaerialapplicationof
SBP1382ECattherateof005lbacrein05gallon
ARCOLarvicidalOilacreField72RanchoSantaMaria
KernCoCaliforniaAugust271970a

Pretreatment

orhours

TimeofDayPosttreatment

830AM

915AM

945AM

830AM

Pretreatment

05hrpost
10

240

avgno

landing
minute

230

04

02

27

Percent

Percent

reduction

99

99

88

aTreatedbyCalAirplanebreeze25mphfromNWSwathwidth
60feet

bLanding orbitingcountsweretakeninvariouslocationsofthe

fieldforoneminuteandpuntingthefemalemosquitoeswhich
landedonthelowerextremitiesAtleast20countsweretakendur
ingeachperiod

AseriesofadditionaltestswereruninRanchoSanta
Mariapasturestreatingover1000acresofinfestedfields
withvariousdosagesofSBP1382andvolumesofapplica
tionRelativelylargeacreagewastreatedbutduetoheavy
populationsofadultmosquitoesintheadjacentfieldslong
lastingsuppressionofadultsinthetreatedfieldswasnot
expected

InthefirsttestField16AwhereSBP1382attherate
of0008lbacrewasappliedin05gallonRLOacreexcel
lentcontrolwasachievedupto24hoursposttreatmentbe
yondwhichobservationswerediscontinuedTable2Using

thesamerateofSBP1382butreducingvolumeperacreto
025galField18goodinitialcontrolwasachievedThe
levelofsuppressionhoweverdroppedto40 24hours

laterThiscouldbeduetoinvasionofthetreatedfieldby
mosquitoesfromadjacentfieldsAnotherexperimentField
16Bemploying001lbacreofSBP1382in025galacre
ofRLOalsogaveexcellentinitialknockdownofadultmos
quitoesReducingthevolumeofapplicationtoonepintper
acreField17SBP1382attheaboverate0008lbacre
yieldedmediocresuppressionofadultmosquitoes

Usingwaterinsteadofoilasanextenderandincreasing
therateofSBP1382to0025lbacremediocresuppression
ofmosquitoeswasacheivedField59Evenwiththein
creasedlevelofSBP1382dosagesuppressionofadultmos
quitoeswasnotasgoodasatthelowerratesappliedinoil
ItthuscanbeconcludedthatSBP1382seemstomanifest
increasedactivitywhenitisappliedinoilinsteadofwater
Itisfurtherobviousthattheoptimumvolumeofapplication
isintherangeoftwopintsacrewhencoarsedropletsare
producedFurtherresearchonapplicationtechniquesop
timumdropletsizeandassessmentofmeteorologiccondi
tionsmayenhancetheeffectivenessofthismaterialatlower
volumes

ToshowwhetherRLOwascontributingtomosquito
knockdownattheratesappliedthisoilwasappliedalone
attherateof05galacreField43Noknockdownwas
measuredwithinonehouraftertreatmentCursoryobserva
tionselsewherehaveshownthisoiltoproducesomecontrol
ofadultAedesatonegalacrefurtherworkisneededto
elucidatethisfact

1971TestsThesetestswereinitiatedtoconfirmlast

yearsadulticidalefficacyofSBP1382andtoincludepyre
thrinspluspiperonylbutoxidefurnishedbyMcLaughlin
GormleyKingCo

Inthefirstseriesoftestsseveralpasturesweretreatedat
therateof005and001lbacreofSBP1382dispensing
variousvolumesofthespraybymeansofahelicopterhav
ingvariousarrangementsofnozzlesfordispersalInthe
firstfivefieldsthelevelofreductionofadultmosquitoes
wasquitehighTable3Thelevelofsuppressioninthe
otherthreefieldswaslowtomediocreItisdifficulttopro
videaplausibleexplanationforthislackofefficacyItwas
notedthatcottonseedoilasacarrierresultedinverylarge
dropletsTheAnigromaculisinthelastthreefieldswere
highlyresistanttoorganophosphateinsecticidesThemos
quitoesprobablypossessedsomevigortolerancethatwas
carriedovertothepyrethroid

InthesecondseriesoftestsinAugust1971applications
weremadewithafixedwingaircraftusedinagricultural
sprayingResultswerequiteerraticTable4eventhough
therateofapplicationwasrathersimilartotheprevious
seriesofexperimentsTheoveralllevelofreductioninthese
testswasquitelowTheadultmosquitoesinthesefieldsare
nothighlytoleranttootherinsecticides

Inanothertest40concentrateofSBP1382waseval
uatedat001to0013lbacreatavolumeof3240ozacre
usingthreepetroleumhydrocarbonsascarriersThelevelof
controlwiththesecoarsesprayswasratherlowTable5
whenmeasuredoveraperiodofthreetofourhoursThere
wasnodeclineinthebitingrateinthecheckplotoverthis
period

Anothertestwasaccomplishedusinganemulsifiablecon
centrateformulationofSBP1382appliedasULVinalow



Table2ActivityofSBP1382inRichfieldLarvicidalOilagainstadultpasturemosquitoesAedesnigromaculis991570

AvgNoofadultslandingand reduction

Field

Number

16A 160 0008 64 0745 0830 570 50 91 35 94 54 90 14 98
18 160 0008 32 0855 1050 72 10 86 44 40
16B 160 0010 32 0905 0950 51 5 90

17 240 0008 16 1100 120 44 8 80 11 75 30 32
59 160 0025 64 0740 0850 54 7 87 13 76 45 17
43 160 004 1415 1515 16 19 0

Field16A

Field18

Field16B

Field17

Field59

Field43

Area Dosage

acres SBP1382ARCOLO

lbac ozac

TimeofApplicatiorf PosttreatmentHours

START FINISHPretreat 05 1 2 24

Fiftytwoouncesof40 SBP1382concentratemixedwith80galRichfieldLarvicidalOilandappliedbyCalairaircraftatthe
rateof05galacusingsevenTJet8006fannozzlesand20psipressureinthesystem
Fiftytwoouncesof40 SBP1382concentratemixedwith40galofARCOLOandappliedbyairattherateof025galac
usingfourTJet8006fannozzlesand20psipressure
TheactivematerialwasmixedwithARCOLOtoyieldtwoouncesof40 concentrateofSBP1382galandthesolutionwas

appliedbyairattherateof025galacusingfourTJet8006fannozzlesat20psipressure
Sixtyouncesof40 SBP1382concentratemixedwith30galofARCOLOandappliedbyairattherateofoneptacusing
eightTJet8001fannozzlesand50psipressure

TwogalofSBP1382ECmixedwith80galofwaterandappliedattherateof05galofsprayacAppliedbyanagricultural
sprayingaircraft

FiftygalofARCOLOalonewereappliedbyairover160acresattherateof05galacbyanagriculturalsprayingaircraft
Extenderwaternotoil

Table3EvaluationofSBP138240concentrateagainstadultmosquitoesmostlyAedesnigromaculisinirrigated
pasturesinKernCountyCaliforniaAugust17191971

Field

JessupN

JessupS
Frick Dennis

Etcheve
Bloomoff
Alfalfa

Freeborne
Portwood

RanchoStMaria
Freeborne

Treatment Area Volume

time Acres Carrier 02

730 800 160 492Process

oil42

830 900

1030 1110

700 712

745 750

900 912

730 734

800 845

900 912

160

160

40

20

60 ARCOLO

20 CottonSeed

320

60 ARCOLO

volatileoilKlearOilBothratesofapplication0005and
0011bacreyieldedgoodtoexcellentcontrolofadultmos
quitoesTable6Acorrectionfordeclineorincreaseinthe
checkplotpopulationwasmadebyMullasformulaMulla
etal1971btoobtainabetterindicationofthesuppress

16

16

16

32

32

32

6

6

32

001

0005

001

001

001

001

001

001

001

Helicopterfittedwithsix8001fanjetnozzlesaltitude50feetwind57mphSwath120feet
dHelicopterfittedwith168002fan jetnozzlesWind57mphSwath120feet

No R No R NoR NoR

SBP

lbA

16

75

30

13

30 2

8 1

2 0

37 1

18 1

5

30

20

6

AvgNoLanding

0205 34

93

88

100

97

95

141

Pre No R No R

05 98

03 98

69 6 62

60 40 47

34

56

aHelicopterfittedwitheight8002fanjetnozzlesPressure40lbinHeightofthecraft was2530feetSpeed60mphWind03duringtreat
mentofthefirsttwofieldsand57mphduringtreatmentofthethirdfieldSwath120feet
bHelicopterfittedwith168002fanjet nozzlesInthelastfieldtreatedheighttoohightoowindyforaerialapplicationSwath120feet

sionduetotheadulticidalchemicalThecorrectedvalues
arepresentedunderthecolumnheadingMSMandtheun
correctedunderNinthisandthefollowingtables

PyrethrinpluspiperonylbutoxideappliedinARCOLO
at32ozacreyieldedmediocrereductionattherateof
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Table4EvaluationofSBP138240concentratecontaining334lbgalagainstadultAedesnigromaculisinirrigated
pasturesRanchoSantaMariaAugust201971

Field

Number

16

31

29

30

Pintail

Field

Number Acres

40 160

42 160

35 160

1620 400

19 160

Treatment

time

930 950

900 930A

1000 1030A

700 730

Sunland

AutoDiesel1

ProcessOil42

Texaco
ARCOLO

ARCOLO

Check

Carrier

Oil

Process

Process

ARCOLO

ARCOLO

Process

aFixedwingpipercubwithshortboomprovidedwithten8002TeeJetfannozzlesWind45mphexceptfields29and30Whenwindwas
710mphAltitude3050ftNozzlesduetorustintankwerecloggingFields30and31highSudangrassandwatergrassForfields2930
31andPintailnozzleswerefive8002TeeJetfanonleftsideofboomandfour8002andone8006onrightsideSwathinallcases70feet
Speedofaircraft80mphEachfieldwas160acres

Table5EvaluationofSBP138240Cattherateof001lbAandavolumeof025galAagainstadultAedesnigro
maeulismosquitoesinirrigatedpasturesRanchoSantaMariaKernCoCaliforniaIX8971

Oil WidthfeetStart

aGrassinallpasturesveryshortNozzlesturned45intowindAltitude1525feetCalAirplaneusedinalltreatmentsField40 wastreated

using128004TJetfannozzlespressure40psi

Fields42and35weretreatedwithaboomcarryingten8002TJetfannozzlespressure35psiFields16and20treatedwithaboompro
videdwithsixD6nozzleswithoutcoresordiscsdeliveringabout40ozofvolumeAand0013IbAofSBP1382CheckField19usedwith
testinFields16and20only

0008lbacreofpyrethrinsTable7Similarresultswere
obtainedwithaULVapplicationusingpolypropyleneglycol
400PPG400ascarrierThehighviscosityofthelatter
materialwasundesirablefromthestandpointofeaseof
handlingandmixing

Furtherstudiesontheefficacyofpyrethrinsasadulti
cideswereconductedemployingULVapplicationsusinga
lowvolatileoilKlearOilasacarrieratboth00025and
0005lbacreofpyrethrinsGoodcontrolofadultmosqui
toeswasobtainedwithinonetotwohoursposttreatment
Table8HereagaintrevaluesunderMSMcalculatedby
Mullasformuladepictanaccuratetrendoftheadultmos
quitopopulations

FromtheforegoingstudiesitisapparentthatSBP1382
andpyrethrinsshowpremiseforthecontrolofadultmos
quitoesAgooddealofresearchisneededtoworkoutthe
optimumapplicationequipmentproducingoptimumdrop
letsizeandnumbersFurtherstudiesontheefficacyofthese
materialsagainstvariousspeciesandunderdifferenthabitat

ozA

24

24

24

24

32

AI

lbA Pre 0205 34

008

008

008

008

02

30

20

8

52

200

Avgnolanding

Posttreathrs

8

16

2

24

200

Landingratenoand reductionposthrs

Swath Time Pre 12 34

Finish No No R No R

918

72 918 1000 37 32 14 10 73

72 1035 1110 18 11 39 8 66

60 1122 1200 26 12 54 11 58

90 740 900 47 16 70

80 85 85

15

20

4

33

200

andmeteorologicalconditionswillbenecessarybeforethese
materialscanbeextensivelyusedinmosquitocontrolFrom
studiesconductedthusfaritisdeducedthatthesecom
poundswillposefewerhazardstonontargetorganismsor
wildlifeatthelowerratesofapplicationneededforthe
suppressionofadultmosquitoes

LarvicidesEfficacyandEffectsonNonTargetOrganisms
BotanicalsandRelatives VariousformulationsofSBP

1382wereevaluatedagainstmosquitolarvaeindifferent
breedingsourcesTheleveloflarvalsuppressionat01and
02lbacreofactiveingredientswaslowThelonglasting
ECLLXmicronizedpowderandwettablepowderform
ulationsweresuperiortoECandCformulationsItis
importanttonotethatthelonglastingformulationsEC
LLXyieldedbettercontrolofmosquitoesthantheformu
lationpreparedforalkalinewaterSimilarlythemicronized
WPformulationshowedbetterthantheregularWPInorder
toimprovethelarvicidalactivityofthismaterialfurther
studiesonformulationtechniquesareneeded



Table6EvaluationofSBP1382ECXY2againstadultledesnigromaeulisinirrigatedpasturesRanchoSantaMaria
KernCoCaliforniaX1371

lbsacre
SBP1382

001

Check

0005

Check

Field

Number

aCalAirsprayplaneprovidedwith22800067fan
speed100mphpressure20psiandwind13mph

bMSMiscalculatedbytheformula Reduction

noadultspretreatmentintreatedplotsCavg
Niscalculatedbytheformula Reduction1

77 08400900 96

41 27

69 09300950 68

41 27

T1

Table7EvaluationofpyrethrinspluspiperonylbutoxideagainstadultAedesnigromaculisinirrigatedpasturesRancho
SantaMariaKernCoCaliforniaIX222371

PoundsAcre

Pyrethrins

0008 004

Check

0008 004

Check

0005 0025

Check

001 005

Check

Landingratesnopreandposthrs

Post1 PPost2

Field R R

PBO NumberAircraft StartFinish Carrier Pre No MSMN No MSMN

20

35

18

35

34

35

18

35

Pawnee

Pawnee

CalAir

CalAir

aFields20and18weretreatedonSeptember22whileFields34and18 weretreatedonSeptember23Windwas13mph
bProvidedwithnine8004fanjetsSwath was60feetAltitude15feetSpeed90mph35psiRate32ozacre
cThiswasULVapplicationdeliveringsixozacrebased on160footswathAltitude30feetSpeed100mph20psiProvidedwitheight8002
fanjets

dPolypropyleneglycol400

Pyrethrinsandallethrinwith2xpiperonylbutoxidepro
ducedmoderatetolowlevelsoflarvalsuppressionat01and
002lbacrerateswhentheconcentrateswereappliedas
aqueousspraysDimethrincontaininganequalamountof
piperonylbutoxideyieldedgoodcontroloflarvaeat01
and021bacreratesbutmorerecentformulationshavenot

yieldedthesameresultsinrepeatedtestsAtlowerrates
001005lbacrethisformulationappliedasoiloraque
ousspraydidnotyieldanyappreciableleveloflarvalre
ductionDimethrinat01lbacrewhenappliedin025and
05galacreofToxisolFLCyieldedexcellentcontrolof
mosquitolarvaebutagaintheseresultshavenotbeendu
plicatedinsubsequenttestsSimilarlypyrethrinsandalle

Start Finish Pre No MSM N

08330910 ARCOLO

09401015 ARCOLO

08020817 PPG400

08520910 PPG400

Landingratespreandposthrsandcontrol

Post1 Post2

Reduction Reduction

153

125

137

90

59

100

109

100

40

90

35

80

18

100

27

85

No MSM N

9 90 91 7 84 93

25 12

14 75 80 7 87 90

22 22

143

jetnozzlesusedULVappliedattherateofsixozA160footswathAltitude30feet
with22800067fanjetnozzlesThecarrierwasKlearOil

100 x T2100WhereC avgnoadultspretreatmentincheckplotsT avg

T C

noadultsposttreatmentincheckplotsTavgnoadultsposttreatmentintreatedplots
00 x100WhereTandTarethesameasintheMSMformula

64 74 56

80

71 74 28

80

69 69 11

85

71 75 13

40

43 73

77 80

69 80

70 88

thrinat01lbacreappliedin025and05galacreofToxi
solFLCyieldedexcellentcontrol

Fromthesestudiesitisapparentthatpyrethrinsandal
lethrincanbemademoreeffectiveiftheyareappliedasoil
spraysinsteadofaqueousspraysDuetothevariablecon
tentofisomersinvariouscommercialbatchesactivitywill
probablyvarysomewhatfromtimetotimeFurtherstudies
onthesematerialsaslarvicidesarewarrantedbeforetheir
efficacycanbeclearlydemonstrated

OtherSyntheticCompoundsGALECRONat02lb
acreyieldedgoodcontrolofmosquitolarvaeTable9
Phosvelat005and01lbacrealsogaveexcellentcontrol
ofpasturemosquitoesAnigromaculisFenthionformu
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Table8EvaluationofpyrethrinpluspiperonylbutoxideagainstadultAedesnigromaculisinirrigatedpasturesRancho
SantaMariaKernCoCaliforniaX1271

lbsacre

Pyrethrins

00025

Check

00025

Check

0005

Check

0005

Check

aULVtreatmentsassix

with22800067fanjet

bMSMcalculatedbyth

adultspretreatmentin

Ncalculatedbythe

Material

Galecron

Phosvel

VCS506
Fenthion

RE11775

Field

PBO Number

00125

00125

0025

0025

ozA160footswathAltitude30feetspeed100mphpressure20psiandwind13mphCalAiraircraftprovided
nozz13sThecarrierfortheformulationswasKlearOil

eformula Reduction 100 xT2100WhereC avgnoadultspretreatmentincheckplotsTavgno
TC

treatedplotsCavgnoadultsposttreatmentincheckplotsTavgnoadultsposttreatmentintreatedplots
formula Reduction 100 x100whereTandTarethesameasintheMSMformula

Tj

Table9EvaluationofvariousmosquitolarvicidesinvariousbreedingsourcesagainstCulexspecies1970

Formulation

EC

EC

43

41

44

41

68

41

67

41

Capsules23

EC

Time

StartFinish Pre

09100930

09100930

10201040

10201040

latedincapsulesdidnoryieldcompletecontrolat06lb
acreUndertheseconditionsthismaterialusuallyproduces
completecontrolattherateof01lbacreItispossible
thatthelarvicidewasnotreleasedadequatelyfromthecap
suletoyieldcompletecontrol

AnewcarbamateinsecticideChevronRE11775yield
edexcellentcontroloflarvaeat00501lbacreThisma
terialshowspromiseforthecontrolofresistantmosquitoes
SchaeferandWilder1970butispossiblysubjecttothe
samefateasthesyntheticOPcompoundstowhichAnigro
maculismosquitoeshaveacquiredahighleveloftolerance

EffectsonNontargetInsects Effectsofvariousmate

rialsandformulationscndivingbeetlelarvaeandadults
mayflynaiadsanddragonflynaiadswerestudiedasbefore
MullaandDarwazeh1971abMullaetal1971aDam
selflynaiadsprevailedinlownumbersthustheirnumbers
couldnotbesubjectedtoanyinterpretation

Divingbeetlelarvaeandadultsoccurredinverylownum
bersassampledbythedipsamplingtechniqueItisnot
easytomakeanydefiniteconclusionsregardingthenum

lbsa Carriergala

01

02

005

06

001

005

010

Landingratesnopreandposthrsandcontrol

Post2

Reduction

No MSM N

Post1

Reduction
No MSM N

124 46 68 63 25 77 80

35 40 30

164 59 69 64 25 82 85

35 40 30

158 37 69 77 15 81 91

40 30 20

76 28 51 63 22 42 71

40 30 20

Water1

Water8

Water5

17days Red Location

0

90

100

90

8484

98

96

Oasisponds
Oasisponds
Pasture

MidgevillePonds
MidgevillePonds
MidgevillePonds
MidgevillePonds

bersoftheseinthevarioustreatmentsIngeneralitcanbe
saidthatSBP1382didnotreducethepopulationsofthese
insectstoanygreatextentTable10butfurtherworkis
neededtoestablishsuchacorrelation

Mayflynaiadswereapparentlyaffectedbythevarious
applicationsofSBP1382Similarlypyrethrinsallethrin
anddimethrinadverselyaffectedthepopulationsofmayfly
naiadsDragonflynaiadswerenotmarkedlyaffectedby
SBP1382andrecoverywassomewhatsloweratthehigher
ratebutfasteratthelowerrateof01lbacreTheother
pyrethroidshadlittleifanyeffectondragonflynaiads

Mayflynaiadsseemtobetheweakestgroupoftheaqua
ticnontargetinsectsrespondingtovariouspesticidaltreat
mentsEventherelativelylesshazardousmaterialssuchas
thepyrethroidscouldreducepopulationsoftheseaquatic
insectsMayflynaiadsaremostlyherbivoresandplayan
importantroleintheabundanceoffilamentousalgaeRe
movaloftheseherbivoresmayleadtoheavygrowthof
thesealgae



Table10Effectsofvariouspyrethroidsnaturalandsyntheticonthepopulationtrendsofnektonicinsectsinmosquito
breedingpondsOasisCalifornia1970

Materialand Extender Dosage DivingbeetleLandA Mayflynaiads

Formulation gala lba Pre 2 7

SBP1382EC Water3 005 2

010 4

020 2

Check 3

SBP1382ECAlkWater1 010 2

Alk

SBP1382EC
LLX

Check

SBP138210WP

micronized

SBP138210WP

Dimethrin50

Pipbutox50
Check

Dimethrin50

Pipbutox50

Check

PyrethrinsEC17

Dimethrin50

Pipbutox50
Allethrin9

Pipbutox18
Check

GI

Water1

Water5

cl

PyrethrinsEC17 Water1

AllethrinsEC9

Pipbutox18
02

01

02

2

1

3

2

ToxFLC05c 01

05 05

Water 10 05 2

2

ToxFLC02501 1

050 01 0

025 01 0

050 01 2

025 01 3

050 01 3

U

O

ReferencesCited

020 1 1 5 78 2

010 0 1 1 93 4

020 4 1 3 140 2

0 1 2

01 2 2

02 4

01 3

02 4

101 2

02 4

01 1

3

1

7

0

0

0

0 1

1 20

1 2 1

1

0

0

1

1

1

0

GeorghiouGP1970Considerationsontherelationshipoflarval
andadulttolerancetoinsecticidesinmosquitoesProcCalif
MosqControlAssoc385559

MullaMirS1968Solutiontothephosphateresistanceproblem
ProcCalifMosqControlAssoc337376

MullaMirSJorgeRAriasandHusamADarwazeh1971aPetro
leumoilformulationsagainstmosquitoesandtheireffectson
somenontargetinsectsProcCalifMosqControlAssoc
39131135

1 18

0 7

1 22

0 23

0 4 90

0

2

2

1

1

0

0

1

2

2

0

0

8

3

3

0

0

1

Pre 2 7

91

134

8

121

65

76

17

61

41

64

156

0

0

8

3

3

2

0

0

3

3

5 3

1 2 6

12 1

O 0

O 9

125 119 0

0 8

0 8

0 16

0 3

0 4

0 26

6 22

0 19

8 67

14 12

1 1

0 12

0 14

1 0 3

0 1 6

0 0 13

48 50 16

1 1 24

0 0 5

15 3 15

00

0

0

Pre 2 7

1

6

21

1

4

16

7

25

6

13

1 26 27

16 12 6 8

Dragonflynaiads

1

1

1

1

3 5

0 6

0 22

0 O

3 4

8

9

11

3

9

6

39

8

14

10

2

6

29

10

6

17

17

31

10

15

10

13
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aGalecronEC2appliedat01and02lbacreasaqueous spraydidnotadverselyaffectpopulationsofdragonflynaiadsordivingbeetlelarvae
andadultsAlsoSBP1382ECat00501and02lbacredidnotadverselyaffectpopulationsofDixamidgelarvaenordivingbeetlelarvae
andadultsSimilarlyRE11775ECattherateof01lbacredidnotaffectthelattertwogroupsofinsectsadversely
bPopulationsoftheseinsects recoveredappreciablytwoweeksaftertreatmentexceptinthesedosages
cFLCcontainedanonionicsurfactantPL121at1concentration

MullaMirSandHusamADarwazeh1971aInfluenceofaliphatic
aminespetroleumoilformulationsonaquaticnontargetin
sectsProcCalifMosqControlAssoc39126131

MullaMirAandHusamADarwazeh1971bFieldevaluationof
aliphaticaminespetroleumoilformulationsagainstpreimagi
nalmosquitoesProcCalifMosqControlAssoc39120126

MullaMirSRLeeNorlandDeanMFanaraHusamADarwazeh
andDonaldWMcKean1971bControlofchironomidmid
gesinrecreationallakesJEconEntomol641300307

SchaeferCHandWHWilder1970Insecticideresistanceand
crossresistanceinAedesnigromaculisJEconEntomol
63412241226


