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CaliforniaMosquitoControlAssociation

Iamsurethatitiseasyforallofustolookatourprob
lemsandtobecomepessimisticatthetrendswesee

Weallfacetheproblemofthegeneralturndownofthe
economyofCaliforniaparticularlyasitaffectsrunningthe
StategovernmentWeareinaverydifficultpositionand
althoughIdonotwishtoappearoverlypessimisticwe
mustfacefacts

YouareinterestedincertainitemsintheStatebudget
suchasresearchprojectsandsupportforvariousotherac
tivitiesProjectssuchasthesearealwaysaffectedbythe
generaleconomyoftheStateThisyearfundstopayfor
theseprojectsaregoingtobeveryhardtocomebyWe
aregoingtofaceaseriousrevenuedeficit

Foralongtimewehavebeenfacingthefactthatthe
costofgovernmentincreasesfasterthandotherevenuesto

payforitAsaresultthisyearthebudgetisgoingtobea
verytightdocumentAnyoneseekingadditionalfundsnot
includedinthebudgetwillbefacedwithadifficultuphill
fight

Anotherproblemwithwhichyouareconcernedistax
reformWearetalkingabouttaxreformnottaxrelief
Thereisnowayofgettingtaxreliefunlesswearewillingto
cutbackongovernmentservicesIamoptimisticthatwe
canenactanacceptablepalatabletaxreformprogram
thisyearthatwillshiftsomeofthecostofgovernment
frompropertytaxtosomeothertaxes

AyearagothebigissueintheLegislaturewasthematter
ofcampusdisturbancesThisyearwehaveanewissuebe
foreus theenvironmentNolegislatorwoulddarego
backtohiselectorateattheendofthissessionunableto
tellhispeoplethathehadputthroughsomebilldealing
withenvironmentandpollutionAttheleasthewillsay
thathestruggledhardtodosomethingaboutthisdifficult
questionWealreadyhavemorethan50billsinthissubject
areaandmyguessisthatseveralhundredbillsdealingwith
thecontroloftheenvironmentwillbeintroducedthis
session

CaliforniahasnotbeensittingstillonallofthisWe
havemadeconsiderableprogressintryingtoattackthe
problemofsmogWehavethestrongestsmogcontrolsof
anystateinthenationButweareconsideringadditional
legislationtostrengthenourcontrolsevenmoreInthear
eaofwaterpollutionagainwehavethestrongestlawsof
anystatelastyearwepassedthePorterCologneBillwhich
providesforfinesupto56000perdayforthosepersons
whopolluteourwatersources

CALIFORNIALEGISLATURE

RobertTMonagan

SpeakeroftheAssembly

ThepublicisdemandingactionfromtheLegislature
andthedemandwillbecomelouderinthefuture todeal

withavarietyofproblemsforwhichthereisnoreadysolu
tionAsyouwellknowalotofconfusionsurroundshow
onesolvesmostoftheenvironmentalproblemsForex
amplethedrillingforoilonouroffshorelandscreatesno
littlecontroversyIthasbecomeobviousthatthosewho
demandanimmediateendtoalloffshoredrillingarenot
sufficientlyconversantwiththefactstohelpusmakeade
cisionastowhichpathweshouldfollowButitisclear
thatweshouldstopsomeofthedrillingWhichtostopis
ourproblem

Oneofthegreatestcontributorstothespoilingofour
environmentisthepopulationexplosionWeliketouse
ourbusinessandindustryaswhippingboysweliketocall
themthechiefpollutorsofourenvironmentButinreality
peoplearetheprincipalcontributorsAsourpopulation
explodesthepollutionproblemsgrowandataneven
greaterratethanthepopulationCaliforniaspopulation
problemsarebecomingastronomicalasarethepopulation
problemsoftheworldingeneralWith38billionpeople
nowintheworld7billionexpectedbytheyear2000and
14billionbytheyear2035theresimplyisnoquestionbut
thatwemustfindanswerstothepopulationexplosion
Whattheyarewilltaxourmindsfortherestofthiscen
tury

AnotherquestionwemustansweristhisArewewill
ingtopaythepricetostopthedespoilingofourenviron
ment Anastronomicalamountofmoneyisneededto
solvetheproblemsofmunicipalwatertreatmentsolid
wastedisposalparksandopenspaceandnewconceptsin
transportation Theproblemofourcitiespouringtheir
wastesintoourwaterresourcesisoneofthemostdifficult
thatweface

SometimeagoIsuggestedthatperhapsonewaytomake
amajorattackuponourenvironmentalproblemswasto
employabondissuesothatwecouldbeginanimmediate
attackupontheseproblemsbutspreadthecostovera
numberofyearsYouwouldbesurprisedatthenumberof
lettersIreceivedfrompeoplewhosaidLetthepeople
whoarecausingtheproblempayforitscorrectionSome
peoplehaveconvenientlyoverlookedthefactthatweare
theoneswhocausepollutionnotsomemythicalthey

InclosingIhopethatyouwilltakethetimetocallon
yourAssemblymanandSenatorwhenyouareinSacramen
totodiscussyourproblemswiththemsothattheyin
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turncanreporttoyousomeofthethingstowhichthey
aregivingconsiderationThereisafinededicatedgroupof
menandwomenservingyouinSacramentoand1know

Thereisconsiderableconfusionaroundthecountrya
bouttheobjectivesofoursocietyintheworldandinthis
countyLetushopethatinthenextsessionofthe91st
Congresswewillbeableatleasttodefinetheissuesandto
makemoreprogressonthem

Wehavemadeprogressduringthelastdecadealthough
ithasbeenobscuredbytheemotionoverthewartheriots
inourcitiestheinflationTherearetwiceasmanystu
dentsinourcollegesastherewere10yearsagoThenum
berofpeoplebelowthepovertylinehasbeencutnearlyin
halfandthereismorerealincomeinthehandsofthepeo
pleinspiteofinflationButtheproblemswefaceseemto
dwarfthatprogressThisisthewayithasalwaysbeenin
Americawherewearenolsatisfiedwiththestatusquo
ManypeopleIamsuredonotknowtherehasbeenaCali
forniaMosquitoControlAssociationfor40yearsYouare
makingourenvironmentbetterimprovingitfromyearto
year

WhatishappeninginWashingtonThereareseveralma
jorissueswemustface educationcrimeinflationthe
war andwehopethemakingofapeacethroughoutthe
world

Anotherissueisenvironmentinwhichyouhavebeen
involvedforalongtime longbeforeenvironmentande
cologybecamethepopularitemstheyaretodayWater
pollutionisoneofthemostimportantfactorsinenviron
mentalimprovementandIbelieveweshallseeprogressin
ourwaterpollutioncontrollegislationTheHousealready
haspassedtheWaterQualityImprovementActof1969
whichaddsmoretoolswithwhichtoworkItprovidesfor
thecontrolofwaterwhichisveryclosetoourshoresof
pollutionbyshipsanditprovidesacertainamountofre
searchtodeterminehowwearegoingtoproceedwith
waterpollutionexpenditures

YouareinterestedinHR14234whichisthebilla

greeduponbytheAmericanMosquitoControlAssociation
calledtheMosquitoControlActof1970Iwouldliketo
congratulateAMCAforitsworkinpreparingthislegisla
tionInoticefromsomeofthecorrespondencegivenme
byCongressmanHaleBoggsofNewOrleansthatsomeof

AgreatdealofemphasishasbeenplacedontheEnviron
mentalHealthandConsumerProtectionProgramintheDe
partmentofPublicHealthsinceIbecameDirectorInfact

2

WHATSHAPPENINGINWASHINGTON

JohnJMcFall

CongressmanDistrict15

CALIFORNIASHEALTHPROBLEMS

LouisFSaylorDirector
CaliforniaDepartmentofPublicHealthBerkeley

thattheywouldbehappytodiscussanyproblemsyouhave
atanytime ThatswhatwerethereforThankyou
againforthisopportunitytotalktoyou

youhavebeenworkingonthislegislationforabout14
yearsItisonlyinthelasttwoyearsthattheAssociation
hasbeenabletogettogetherwithaproposalwhichmay
ironoutsomeofthedifferingopinionswithintheindus
tryThebillprovides5050matchingfundstostatesup
to52000000toanyonestateWherestatesdonothave
activemosquitocontrolprogramsordonotcooperatewith
localareasinmosquitocontroloperationsfundscanbere
leaseddirectlytolocalmosquitocontroldistrictsorother
localoperatingagenciesAllmethodsofmosquitocontrol
carriedoutwithfederalfundswouldbethosemethodsa

greeduponbytheUSDepartmentsofinteriorandAgri
culture UndertheActtheUSPublicHealthService

couldreceiveS1000000peryearforthreeyearsforad
ministeringtheoverallprojectItcouldutilizethefunds
forconsultantpurposesandforcarryingoutdemonstration
projectsinthestatesandlocalareasonmethodsofcontrol
whichhavebeendevelopedrecentlyandwhichrequirefield
testing

TherearethreebasicpointsinthebillOnehasbeenthe
eliminationofresearchandtechnicalstudiesThereisnow

agoodmechanismformakingresearchgrantsavailableto
qualifiedprofessionalsinthestateandlocalagencies
Thereforetherearenofundsavailableforsurveyingfor
definingmosquitoproblemsorfordemonstrationsAsec
ondpointhasbeentherequirementthatanymethodof
mosquitocontrolsupportedbyFederalfundsshouldhave
theconcurrenceoftheUSDepartmentsofAgricultureand
InteriorInthepastattemptstoobtainFederalaidfor
mosquitocontrolhavebeenkilledbytheDepartmentof
Interiororstateagencieshavingsimilarresponsibilities
ThethirdpointhasbeentheplanningwherebyFederal
fundsshouldflowthroughagenciesofthestatessetupto
handlesuchfundsHoweverwherenosuchstateagency
existstheUSDepartmentofHealthEducationandWel
farewillhegrantedthepowertomakethefundsavailable
directlytothequalifyinglocalareasTherehasbeennoac
tiononthisbillasyet

appreciatetheopportunitytomeetwithyoutoday
andamcertainaninterestingandproductiveconference
liesaheadforall

mostoftheincreasesinDepartmentstaffandresources
duringthattimehavebeentobolsterthisimportantpro
gram



Butthereareotheraspectsofpublichealth interde

pendentwithenvironmentalfactors thataffectourcom

munities Iwouldliketodiscussthesebrieflybecause
otherswilltalkinmoredetailaboutmosquitocontroloth
ervectorsofdiseaseandtheenvironmentgenerally

PreventiveMedicine

Althoughalotofpeoplethinkwehaveovercomeinfec
tiousandcommunicablediseasesthisisunfortunatelynot
soWehavecopedwithafewbutwereallydonotknow
muchabouttheworkingsofothersEncephalitisgaveusa
realscarelastyearalthoughthecontrolprogramwasso
successfulthatwehadfewerhumanandhorsecasesthan
usualAgreatdealofcreditbelongstolocalmosquitocon
trolagenciesforthisaccomplishment

WestillhavenotbeenabletoeliminatetuberculosisWe

knownexttonothingabouthowtocontrolcoldsandin
fluenzaeventhoughwenowknowmoreaboutthecausa
tiveagents

Inspiteofanallouteffortwearebarelyabletocontrol
therisingsyphilisrateGonorrheaisrampantinCalifornia
Weestimatethatin1969wehadsomewherebetween

60000and70000newcasesThatisanepidemic

ChronicdisablingconditionsareeverydayproblemsWe
stilldonotknowenoughaboutcancerheartdiseasevas
culardiseaseandarthritisWedonotknowhowtodiag
nosethemaheadoftimewecanonlyguessatwhowillbe
afflictedandexceptforsomeadvancesinemergencytreat
mentwedonotknowmuchaboutpreventingtheiroccur
rence Atthemomentyourchancesofhavingcancer
heartdiseasecardiovascularaccidentarthritisandsoon
areaboutthesameas1000yearsago

Professionalsinthedentalhealthfieldsaythatifmoney
werenoobjectinCaliforniawewouldstillhaveTessthan
25oftheneededpersonnelandfacilitiestocopewithex
istingdentalproblems

Everyonetalksaboutdrugsaboutsmokingmalnutrition
andalcoholism Weconsiderthesesocialmedicalcondi

tionsWhyYoudonthavetotakedrugsDopeisthere
sultofsomesocialproblemorpressurethesameistrueof
smokingWearecompletingafairlyintensivestudyinCali
forniatodeterminejustwhoismalnourishedandwhyMal
nourishmentcoversaspectrumfromovereatingbecauseof
compulsionandavailabilityofmoneytonearstarvationbe
causeoflackofmoney Thereareothervariablesof

coursesuchaspoorchoiceofdietandignoranceofgood
nutrition

EnvironmentalHealth

Inpublichealthwehavebeentryingtointerestpeople
intheenvironmentalaspectsofbetterlivingforalongtime
Maybeenoughpeoplenowaresufficientlyexcitedabout
environmentalhazardstoprovidethenecessarydollarsfor
cleanupandpreventiveprogramsTherearecertainlymore
thanenoughinstantexpertsonthesubjectEveryoneisan
expertonpesticidesorsoitappearsEachhasadifferent
policywhichhewantsadoptedbygovernmentOnDDT
thedemandsswingfromstopityesterdaytodontstop
itatall Wedonotwanttofurthercontaminatetheen

vironmentortoeliminatebirdsnordowewanttoincrease

theDDTcontentofmothersmilkNeitherdowewantto

restricttheuseofpesticidestothepointwherefoodcosts
areprohibitiveNorisitsensibleinawholesalefashionto
substituteshortlastingmoretoxicpesticidesthatmaypro
duceillnessandevendeathamongagriculturalworkers
TheLegislaturewilllistentoexperts youtheUniversity
peoplethoseinpublichealthanditwilladoptaposition
thatprobablywillbeacompromise

Weloseabout10000personsayearfromaccidentsA
bouthalfoftheseaccidentsoccuronthehighwaysWeare
conditionedtoaccidentsasawayoflifeanddontpay
muchattentiontothetoll1wonderwhatpublicreaction
wouldbeifwelost5000personsfromencephalitisorthe
samenumberinanepidemicofinfluenza

Accidentsareenvironmentalhealthproblemsandare
notaccidents Givenacertaincombinationofdriver

weatherautomobileandhighwayanaccidentisnot
hardtopredictIfyoustickyourhandinafanisthatan
accidentNotatallThesethingsarepreventableSome
safetyfeaturesonautomobilesforexampleshouldhave
beeninstitutedyearsagoHighwaydesignisanotherprob
lemWeknowhowtocontrolsomeaccidentsyetthey
continuetobeamajorhealthproblembecauseofapathy
andresistancetochange

HealthServicesandFacilities

Wedonothavethemanpowerneededtocopewithris
inghealthcaredemandsCaliforniahasalwaysimported
muchofitsmedicalmanpowerWetalkaboutthepossibil
ityofextendingtheprofessionalstimebytheuseofassist
antsetcInthelast30yearswehaveseencreationofa
numberofnewprofessionalhealthcareclassificationsThis
isimportantbecausethehighcostoftrainingadoctor
dentistormicrobiologistcomesoutofthegrossnational
productItisuneconomicaltospend10or15yearstrain
ingamanorwomantodosomethinginthehealthfield
thatsomeoneelsecandowithayearstrainingWehaveto
cometogripswiththeproblemofunderutilizinghighly
skilledmanpowerintasksrequiringonlyasmallpartof
theirskills

InCaliforniawehaveagoodsupplyofhealthfacilities
egacutehospitalbedsnursingbedsetcThesefacilities
becomeobsoletehoweverandmustbemodernizedto
meetmoreexactingstandardsofpatientcareThecostof
onehospitalinCaliforniaisbetweenS40000and550000
dependingontheareaNearlyeveryyearourgrowingpop
ulationrequiresadditionalhealthfacilitycapacityequalto
theneedsofacityof500000Ifa100bedhospitalisre
quiredforinstancethecostmightbe55million

Wearealsoconcernedaboutthequalityofhealthcare
Wewanttobesurethatpatientsgetcarewhentheyneedit
andthattheyobtaintheappropriatekindofcare neither

toolittleortoomuchItisaproblemeveryoneinthe
healthfieldisworkingonandithasnotbeensolved

TheFuture

Whataretheprospectsforcontrollingsomeofthese
healthproblems

IntheareaofpreventivemedicinevaccinesforGerman
measlesandmumpshavebeendevelopedWearetryingto
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identifythecausativeorganisminhepatitisbecausewesee
about12timesasmanycasestodayaswedid10yearsago
Anumberofinvestigatorsaretryingtodevelopvaccinesef
fectiveagainstsyphilisandgonorrheaTheroleofvirusesin
formationofcancersisbeinginvestigatedbyusandmany

othersConvincingsomepeoplethatputtingfluoridesin
thewater topreventdentaldecay willnotpoisonthem
isdifficultthefluoridationcostbenefitratioissomething
like1to1000yetoppositionstillisgreatApparentlywe
aregettingsomewherewithsmokingatleastfeweryoung
peoplearebuyingcigarettesAndinnutritionwehopeto
designspecificprogramsthatwillbenefitpeoplewhomost
needassistanceparticularlyyoungchildren

Progressinmosquitobornediseasecontrolhasbeenob
servedforover60yearsNeverthelessweareconstantlyre
mindedofhowlittleweknowabouttherelationshipof
mosquitoesanddiseaseAlsoindividualsintheireveryday
activitiesarecreatingmoreproblemssuchasincreaseduse
ofnondestructiblecontainerstheovertaxingofwastedis
posalfacilitiesetcIndustryshouldnotbesingledoutand
chastisedfromthestandpointofthecreationofallofour
environmentalproblemsbutratherallofusascitizens
shouldhewillingtoassumeourpartofthismajorresponsi
bility

Enormousstrideshavebeenmadeinthecontrolofmos

quitobornediseasessuchasmalariayellowfeverandden
gueYetonaworldwidebasismalariacontinuestobeone
ofthemostimportantdiseasesofmanTheWorldHealth
Assemblyreportedin1967thatofthe1692000000per
sonsoriginallyinhabitingmalariousareas654000000of
thesenowliveinzoneswhereeradicationhasbeenobtained

Thereare674000000wholiveinregionswhereeradication
programsareinprogressand364000000incountries
wheresuchprogramshavenotyetbegun

Itisaformidableaccomplishmentthatmorethantwo
thirdsofthepopulationoftheoriginallymalariousareas
arenowlivinginplacesthatarefreeofmalariaorinplaces
wheremalariaeradicationprogramsarebeingcarriedout
Unfortunatelythereisastalemateintheprograminthe
AmericasWithin3hoursflightofthisroominCentral
Americaisanareathatisoneofthemostdifficultfor

malariaeradicationTheproblemiscomplicatedbystrains
of1nophelesalbimanaswhichareresistanttoinsecticides
andbypeoplewholiveforaconsiderableportionoftheir
timeoutsideofdwellingsAlsoresistancetoantimalarial
drugshasbeenencounteredinthelastfewyearsTheAfri
canregionhasadvancedverylittleinspiteofitshavingthe
highestmalariaendemicitySoutheastAsiaisanareawhere
probablythegreatestgainshavebeenmadetowarderadi
cation
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Howevermilitarypersonnelcomingtothiscountryfrom

CHALLENGESINMOSQUITOCONTROL

JohnWKilpatrick
UnitedStatesPublicHealthService

AtlantaGeorgia

HundredsofbillshavebeenintroducedintheLegisla
turetocontrolenvironmentalhazardsThereismuchthat

canbedoneanditwillbeinterestingtoseewhatresultsA
numberofgroupsinCaliforniaespeciallythoseengagedin
comprehensivehealthplanningareworkingonwaystode
liverhealthservicesinabetterandmoreeconomicalway

Icansummarizebysayingthatatthestatelevelwedo
notforeseeamarkedincreaseinthenumberoftaxdollars

availableforhealthpurposesOurapproachthereforeis
toreexamineourprioritiestosetrealisticobjectivesand
toanalyzeourprogramsintermsofcostsbenefiteffective
nessWehopetobeinnovativeinthewayweuseourre
sourceswhichisanotherwayofsayingwewilltrytoget
themostbangforthebuck

VietnamarehavingincreasingincidenceofmalariaThe
figureonmalariacaseshasrisensharplyinthelast5years
fromonly156casesin1965to2423duringthefirst9
monthsof1969Inthelast25yearswithmillionsofmil

itarypersonnelreturningfromWorldWar11theKorean
ConflicttheVietnamActionandotherareasthiscountry
hasbeenfortunatethatnotmorethan58caseshaveoccur

redinpeoplewhohaveneverbeenoutoftheUnitedStates
ThelargestsingleoutbreakintheUnitedStatesinrecent
yearswith35recordedcasesresultedfromoneKorean
veteranwhosleptoutdoorsnearagirlscampin1952In
thelast15yearstherehasbeennoreportedtransmissionin
Californiaassociatedwithreturningveterans

Althoughurbancasesofyellowfeverhavenotbeenre
portedinrecentyearsthethreatofthisdiseasecontinues
Thisyearmajorepidemicsofjungleyellowfeveroccurredin
Nigeria Apparentlytherewerethousandsofcaseswith
numerousdeathsTheoutbreakoccurredinthelastcouple
ofmonthsof1969andspecificfiguresarenotavailable
Vaccinationprogramswillhavetobecontinuedintropical
Africa

111theAmericasgreathopeswereheldthatthethreatof
urbanyellowfevermightbeeliminatedcompletelybythe
lodesaegvptieradicationprogramsMuchprogresswasre
portedyearafteryearTheUnitedStatesjoinedthispro
gramin1964andcontinuedthrough1968atwhichtime
theeradicationprogramwasterminatedThePanAmerican
HealthOrganizationreportedwidespreadinfestationsin
MexicoElSalvadorGuatemalaPanamatheAntillesVen
ezuelaColumbiaBrazilandtheGuineasSotheideaof

lodesaegwptieradicationhastakenadecidedsetbackasit
relatestoyellowfevertransmissionAreappraisalofyel
lowfevercontrolwillhavetobemadeincludingtheuseof
improvedtechniquessuchasthejetinjectorgunforim
munizationbettertechniquesinlaboratoryidentification
ofthediseaseandquarantinemeasures

Majorepidemicsofdenguehaveoccurredinsoutheast
AsiaandtheCaribbeaninrecentyearsincludingonewith



anestimatedthousandsofcasesinPuertoRicoThisoc

curredprimarilyinthenorthernhalfoftheislandwhere
AedesaegyptipopulationswerethehighestInsoutheast
AsiaDrAlbertRudnickoftheHooperFoundationofthe
UniversityofCaliforniastudiedthepossibilitythatdengue
maybeazoonosisinwhichthereservoircouldbemonkeys
injungleareasCasesofhemorrhagicfeverareroutinely
reportedfromareasofthePhillippinesVietnamThailand
MalaysiaSingaporeCalcuttaandotherareas

Mosquitobornearbovirusesarediseasesofincreasingsig
nificanceForyearstherewasconcernonlyforthethree
betterknownviruses easternwesternandStLouis

ThenvirologistsbeganfindingCaliforniaencephalitisin
manypartsofthiscountryandin1968and1969more
casesofthisdiseasewerereportedthananyoftheother
threeIn1968thefirstcaseofVenezuelanequineenceph
alitiswasreportedfromawomanlivingintheMiamiarea
ofFloridaAtthepresenttimeover200arbovirusesare
known Manyofthemaresimplyvirusesisolatedfrom
mosquitoeswithoutcorrespondinghumanordomestic
animalassociationThefutureholdsalotofadditionalin

formationwithregardstothediseasepotentialsofmanyof
theseviruses

Filariasisisadiseaseofthetropicsandsubtropicswith
thousandsofcasesreportedannuallyInRangoonalar
vicidalcampaignagainstCulexfatiganshasbeenconducted
bytheWorldHealthOrganizationforseveralyearsanda
demonstrationusingtwoincompatablestrainswillbe
startedin1970inIndia

Vectorcontrolinthefutureneedstoprovideforade
quatetrainingofpersonnelallovertheworldplusaback
logoffilmsliteratureandthelatestinformationSince
1940majoremphasishasbeenplacedontheuseofpesti
cidesinmosquitocontrolprograms Controlprograms
throughouttheworldhavefallenintothetrapofusingpest
icidesinlieuofmorediversifiedprogramapproachesThese
commentsbynomeansshouldbeconstruedasrunning
downtheneedandthedesirabilityofusingpesticidesfor
mosquitocontrolRatherconsiderationisneededfora

ThehistoryofCaliforniaiswritteninthestoryofits
waterdevelopment Intheearly1900sCaliforniain
copingwithitsaridenvironmentbegantogogreatdistances
foritswatersupplyLosAngeleswenttotheOwensValley
toconstructtheOwensValleyaqueductItalsojoinedwith
othercommunitiesinsouthernCaliforniatoformaMetro

politanWaterDistrictgoingtotheColoradoRiverinthe
early1930stobringwaterthroughtheColoradoRiver
aqueducttothesouthcoastalplainwithactualdelivery
beginningin1941SanFranciscoandtheEastBaycities
wenttotheTuolumneandMokelumneRiversinthe1930s

toimportwaterfortheirneeds

TheStateWaterProjectwasconceivedintheyearsfol
lowingWorldWarII Withthetremendouspopulation
growthatthistimeitwasapparentthattheavailablewater

THECALIFORNIAWATERSTORY

JohnRTeerink

DeputyDirector StateDepartmentofWaterResources

middleoftheroadapproachbetweenthetotalbanningof
pesticidesandthetotaldisregardforadverseeffectswhich
mightbederivedfromtheiruse

Frommanystandpointspreventiveprogramsshouldre
ceivemajoremphasiswhilecurativeprogramsshouldbere
ducedinsofaraspossibleAlthoughitcannotbestatedfor
certainwhathappenedtotheencephalitisviruspicturein
Californiain1969Californiamosquitocontrolworkerscan
takecreditforamajoreffortinkeepingCulextarsalisunder
excellentcontrolinahighwateryearandthiscouldhave
beenamajorfactorinkeepingtheencephalitisvirusesata
lowtononexistentlevelThisiswhatismeantbypre
ventivevectorbornediseasecontrol

DuringthepastfewyearstheUSPublicHealthService
hasworkedwithstatesandlocalareasinvectorcontrol

programsEffortswereexpendedinoneareawhereanepi
demicofencephalitiswasinfullbloomanditisbelieved
thatusingultralowvolumedispersalofmalathiontheco
operativeeffortwasinstrumentalinchangingthepatternof
theepidemicInmorerecentyearstheNationalCommuni
cableDiseaseCenterhasrecommendedthisprocedurein
preventiveprogramsinseveralareasinTexasandinOhio
in1969Ultralowvolumeapplicationswereusedbothas
adulticidesandlarvicidesinpreventiveprograms

Inmanyareasithasbeenshownthatmosquitopredators
wereveryinstrumentalinreducingmosquitopopulations
Indiscriminatetreatmentoflargeareaswithoutinspection
maydestroypredatorsandeventuallyresultinhighermos
quitopopulationsthanifnoprogramhadbeeninstituted

Mosquitocontrolworkersareatthethresholdofanew
eraWhereasinthepastinsecticidescouldbeappliedinal
mostanymannerwithsatisfactoryresultsthissituationno
longerexists Mosquitocontrolisnowasophisticated
sciencerequiringprofessionalentomologicalandengineer
ingintelligenceindepthknowledgeofthebiologyecology
andhabitsoftheimportantmosquitospeciesandthede
velopmentofcontrolprogramsemployingnumerousand
variedtechniquesjudiciouslyandintelligentlyapplied

suppliesinmanyareaswouldbefarunderthewaterde
mandsThereforeadditionalsupplieswouldhavetobede
velopedandimportedtothedeficientareasprincipallythe
SanJoaquinValleysouthernCaliforniaandthecentral
coastalareaAtthesametimeinnorthernCaliforniathe
floodcontrolproblemssuchastherampagingFeatherRiver
spurredthestatetomoveforwardwiththeconstructionof
OrovilleDamOrovilleDamwasnotfeasibleasasingle
purposeprojectsincefloodcontrolalonecouldnotbear
thecostItwasafeasibleprojectwhenwatersupplyand
powerdevelopmentwereaddedtoitsfunction

TheStateWaterProjectisabout89completedorun
dercontract Someissuesandquestionsarenowbeing
raisedsuchasWhytakemorewatertoLosAngelesin
orderthattheycanproducemorepeopledrivemoreauto
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mobilesandproducemoresmog

Wewhoareplanningwaterprojectsarelookingahead
to19902020etcThetimeittakestoplandesignand
constructalargeprojectmaybeatleast2decadesThe
StateWaterProjectwasauthorizedbytheLegislaturein
1951ThefirstwaterwillbedeliveredtosouthernCalifor

niain1971Aprojectauthorizednowmightnotbecom
pleteduntil1990Theremustbeplanningtodetermine
needsafterthattime

WherewillthefuturepopulationexpansioninCalifor
niatakeplaceShouldthegovernmentcontrolgrowthand
placeswherepeoplecanliveWillCaliforniaagriculture
withshiftinginterestsbeabletoproduceitsshareoffood
andfiberforthenationCanmorecropsbegrownonless
landandwithTesswaterIshighpricewaterbeingusedto
irrigatesubsidizedcropsWhatwillbetheamountofwater
usedbyindustryinthefutureTheanswerstotheseissues
arenotclearbuttheymustbefacedStudiesoftheper
capitauseofwaterindicatethatitisdirectlyproportional
topercapitaincome whenincomegoesupwateruse
goesupThereareofcourseotherfactorsaffectingper
capitausesuchastemperatureandmultipledwellingden
sity

AnexampleofamajorproblemisWheredowegofor
power Therateofenergyuseinthenationisincreasing
muchmorerapidlythanhepopulationincreaseFossil
fuelsarebeingconsumedatahigherratethaneverbefore
afactcreatingconcernbytheenvironmentalistsThereis
suggestedthatoneoftheconsequencesisagreenhouse
effectasaresultoftheburningofthefossilfuelwiththe
productionofmoreandmorecarbondioxideintotheat
mosphereandthereductionofoxygenItisbelievedthis
willcreatealongrangewarmingeffect

CURRENTOBSERVATIONSONMOSQUITOBORNEVIRUSESOFCONCERNTO
MOSQUITOABATEMENTDISTRICTSINCALIFORNIA

WilliamCReevesPhD

SchoolofPublicHealthUniversityofCalifornia
Berkeley

Iappreciatethehonorofbeingaskedtosummarizethe
eventsofthepastyearconcerningthemosquitoborne
virusesthatareofconcerntomosquitoabatementagencies
inCaliforniaInonewaythisisasimpletaskasthesein
fectionswereatthelowestlevelin1969thattheyhave
beensincewestartedstudiesintheearly1940sthusthe
topicmightdeservelittlediscussionHoweveritisamuch
moredifficulttasktoexplainas1wasaskedtodowhy
westernequineencephalitisWEEandStLouisencephali
tisSLEvirusesdidnotreachhighlevelsofactivitythrough
alargepartofthestatein1969

ThisresearchwassupportedinpartbyResearchGrantAI03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesand
GeneralResearchSupportGrantISOIFR05441fromtheNational
InstitutesofHealthUSDepartmentofHealthEducationand
Welfare
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FossilfuelsteamplantsarecomingunderattackA
contemplatedlegislativebillwouldbanallfossilfuelplants
inCalifornia RecentlySouthernCaliforniaEdisonwas
deniedapermittoincreasethesizeofitssteamplantIt
appearsthatpowerplantswillmoveinthedirectionofnu
clearpowerAlookatthefutureloadgrowthinCalifornia
indicatesapossibleneedfornuclearpowerplantsabout
every10milesalongthecoastlineSouthernCalifornia
Edisonrecentlyindicateditwasforcedtogoinlandforone
halfitsfuturepowerrequirementsandthatbytheyear
2000itwouldneedonemillionacrefeetofwaterperyear
justforcoolingpurposesThatistheamountwhichthe
MetropolitanWaterDistrictbringsfromtheColoradoRiver
throughitsaqueduct

Thereisamajorconcernforfuturewaterplanningin
California Thereisaneedtodiscusswaterpowerand
populationissuesatstateandnationallevels

OurDepartmentofWaterResourcesisworkingwith
localmosquitoabatementdistrictsinproblemareascreated
byourwaterdevelopmentprogramWearecorrectingor
attemptingtoalleviateanyproblemsoccurringdueto
changesinlandandwaterdevelopment

Webelievethatthetimewillcomewhenpartofour
watersupplywillcomefromdesalinationofseawaterPos
siblythiswilloccurinthesouthcoastalareasabout2000

Somewaterreclamationisoccurringnowinseveralareas
ofsouthernCaliforniaMuchoftheeffluentnowbeing
producedatwastetreatmentplantsisnotsuitableforrec
lamationduetohighsalinityThusmuchofthiswater
nowgoingintotheoceanisnotreclaimableHowevercom
munitieswithhighwatercostsandwithincreasingwaste
watertreatmentplantcostsarelookingmoretorecla
mation

PreludestotheSummerof1969

Duringthewinterof19681969thosefamiliarwiththe
premonitorysignsoftheenvironmentthatprecedeabad
yearforCulextarsalisCoqandthevirusesthismosquito
carrieshadgreatreasonforconcernRainfallovermuchof
thestateandsnowpackintheSierraNevadarapidlyaccum
ulatedtothepointthatpriorrecordsforprecipitationwere
brokenItwasobviousbyearlyspringthatmuchofthe
CentralValleyandparticularlytheSanJoaquinValleywas
goingtobefloodedandthatwaterreleasesfromsnowpack
andfloodcontroldamsweregoingtocontinuethrough
muchofthesummerThousandsofacresoflandwere
floodedinthespring OverwinteringfemaleCtarsalis
emergedintheearlyspringandtherewasanearlyspring
buildupofthevectorpopulationMostmosquitoabate
mentdistrictsstartedtheirsurveillanceforbreedingand
controloperationsfarbeforetheirusualschedules



EarlierobservationsinCaliforniaandotherwesternstates

haveshownacorrelationbetweenyearsofWEEepidemics
andunusuallylowtemperaturesinthespringDrHessand
hiscoworkers1963foundthatwhen10daydegreesover
70Foccurredlateinthespringthiswasfollowedbyhigh
levelsofWEEviralactivityTheyrecommendedthatthis
measurebeusedasanepidemicpredictorOverthepast
15yearstheaveragedateforsuchtemperaturestoaccumu
lateinKernCountywasApril22andin1969itdidnot
occuruntilApril28Temperaturescontinuedbelownor
malintheCentralValleyintoJuneThusthispredictor
favoredWEEvirusactivity

Weknowthattherehadbeenadegreeofresurgenceof
WEEandSLEvirusesintheCentralValleyinthesummer
of1968andtherewaseveryreasontoexpectafurtherin
creasein1969iftherewasalargevectorpopulation

Summerof1969

ByMaywehadmountedthelargestprogramtoprevent
anepidemicofencephalitisinthehistoryofourstateThis
effortrepresentedacoordinatedandjointactionofallthe
concernedagenciesinthestateaswellasthefederalgovern
ment

Mosquitoabatementdistrictsexpandedthesurveillance
forCtarsalisandtheircontroloperationstothelimitof
financialandpersonnelresourcesControleffortswerecon
centratedontheprotectionofsusceptiblepeopleinurban
andruralpopulationcentersbutalsoencompassedexten
sivefloodedareasthatweresomedistancefromheavily
populatedareas Wesuspectedthatthesemoreremote
areasmightbefociforviralbuildupinthemosquitovector
andwildlifehostpopulations

TheStateDepartmentofPublicHealthmountedanin
tensivesurveillanceprogramtodetectclinicalcasesofen
cephalitisinmanandequinesearlyandrapidlyTheirpro
gramencompassedconstantcontactwith54hospitalsand
almostallpracticingveterinariansintheCentralValley
InadditiontheDepartmentinitiatedasurveillanceofmos
quitobreedingandadultCtarsalispopulationsinareasof
theCentralValleythatwereoutsidetheboundariesoflocal
controlagenciesVeterinarianswereurgedtointensifyvac
cinationprogramsBeforesummerasystemhadbeenes
tablishedtoreportallintelligencedatabacktolocalagen
cieseachweek

TheSchoolsofPublicHealthBerkeleyandLosAngeles
undertooktointensifytheirsurveillanceofviralactivityin
mosquitovectorsandsentinelanimalsinrepresentativeareas
ofthestatethatincludedKernButteGlennInyoand
ImperialCounties TheCollegeofAgriculturalSciences
andtheStateDepartmentofPublicHealthundertookcon
tinuedsurveillanceforpesticideresistanceinCtarsalisin
areaswherecontrolfailureswerenoted

FinallyarequestwasmadetotheNationalCommuni
cableDiseaseCentertomakeperiodiccollectionsofmos
quitoesforviraltestsinareasoftheCentralValleythat
werenotcoveredbytheabovesurveillanceprograms

Theabovedescriptionomitsmanyactivitiesandagencies
thatwereinvolvedbutindicatesthebreadthanddepthof
programthatwasdevelopedandthemutualconcernthat

allowedsuchcoordinatedactionBetween10millionand
11millionwereexpendedinthisprogramandalmostall
themoneywasdevotedtocontrol

Findings
Mosquitoes TheBureauofVectorControlhassum

marizedallthefindingsonmosquitopopulationsandhas
distributedthesedatatoeachmosquitoabatementdistrict
WhiletherewasanincreaseofCtarsalisinsomeurban
areasandratherlargepopulationsdevelopedinsomeun
controlledorpartiallycontrolledregionsthegeneralpat
ternthroughthesummerwasatributetothecontroleffort
madebythedistrictsIamconfidentthatthelowlevelsof
Ctarsalisthatprevailedinalmostallurbanareasofthe
statewereatorbelowthethresholdlevelsrequiredtode
velopanepidemicthatIreportedearlierReeves1968
1969

Viraltestsonmosquitoesprovidedsomesurprisingre
sultsOver210000mosquitoesweretestedinthevarious
laboratoriesandtheseincluded110000CtarsalisThere
sultsfrommylaboratoryarepresentedinTable1Turlock
viruswasisolatedanumberoftimesfromKernCountybut
WEEandSLEviruseswerenotdetectedIntheSacramento
ValleySLEviruswasisolatedinthelatesummerbutWEE
andTurlockviruseswerenotTheStateDepartmentof
PublicHealthreportedEmmonsandMarlor1969making
13isolationsofSLEvirusfromthenorthernareainthe

latesummerperiodTheNationalCommunicableDisease
Centertested55136Ctarsaliscollectedthroughthesum
merfrombothnorthernandsouthernpartsofthevalley
andthisresultedin2isolationseachofTurlockandHart

Parkvirusesandanumberofisolationsofsomenewagent
thatisnotWEEorSLEvirusandhasnotbeenidentified

Sudia1970DrTelfordWorkwillreportinthefollow
ingpaperonthisprogramregardingtheisolationsofCali
forniagroupvirusesfromAedescollectedintheOwens
Valley

Table1Culextarsalistestedandviralisolations1969

Areacollected

No Noviralisolations

tested WEE SLE Turlock

KernCounty 27024 0 0 51

ButteGlennCounties 14482 0 12 0

StateHealthDepartmentreported13SLEisolationsfrom
CtarsaliscollectedinTehamaShastaSutterandSolano
Counties

Clinicalcases TheStateDepartmentofPublicHealth
haspublishedtheresultsoftheirintensivesurveillancefor
clinicalcasesandthesearesummarizedinTable2Emmons
andMarlor1969ThefivehumancasesofSLEallhadon
setsinlatesummerandwereexposedinthegeneralnorth
ernregionoftheCentralValleywhereSLEviruswasiso
latedfromCtarsalisThetwoprovenWEEcasesinhorses
alsowerefromthenorthernregion
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Table2DistributionofdiagnosedencephalitiscasesCali
fornia1969AsreportedbyCaliforniaStateDepartment
ofPublicHealth

Host

Human

Horse

1residentofAlamedaCountyprobableexposureSacra
mentoCounty

5horsecasessuspectWEEbecauseofhighstationary
antibodytiters1GlennCounty2FresnoCounty1Kern
County1SonomaCounty

Sentinelchickens Wehadnumerousflocksofsentinel

chickensthatwereexposedtomosquitoattackthroughout
thesummerTheresultsofserologictestsonbloodsamples
collectedattheendofthesummerTable3werewhatwe
hadexpectedfromthedistributionofviralisolationsfrom
mosquitoesandclinicalcasesTurlockviruswasactivein
KernCounty SLEWEEandTurlockvirusesallwere
activebutatlowlevelsintheSacramentoValley

Table3Serologictestsonsentinelchickensexposedentire
summerof1969

KernCounty 199 0 0 0 5

ButteGlennCounties 188 05112 0 05

Otherwesterncoastalslates Itwasofsomeconcernto

usthatWEEvirusproducedepidemicsofencephalitisin
horsesineasternOregonandWashingtonthispastsummer
Wekeptexpectingasimilardevelopmentinatleastthe
mostnorthernareasofCaliforniawheretherewasminimal
ornocontrolbutthisdidnotoccur

Explanations

IdonothaveadefinitiveanswertothequestionWhy
didmosquitobornevirusesremainatalowlevelofactivity
in1969THowever1wouldliketodiscussbrieflyvariables
thatwemightexpectfavoredviralactivityandsomethat
mayhavesuppressedactivity

Wehavereasontobelievethattheepidemicpredictorof
excesswaterisstillvalidWeknowitwillbereflectedin

increasedCtarsalisbreedingifitisnotcarefullymanaged
keptundersurveillanceandcontrolledwhennecessary
Theunusuallevelofeffortandinmostcaseseffectivecon

trolprogramoflastsummerwouldhavesuppressedviral
activityoveralargeareaUnfortunatelywecarnotsay
thatwestoppedviraltransmissionastherewererurallo
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Countyor Noofcases

residence SLE WEE

Sutter

Sacramento

Glenn

Tehama

SanJoaquin

1

2

No PercentpositiveHAItests
Areaexposed chcksWEESLECalifTurlock

calitieswheretherewaslessintensiveornocontrolAt

suchlocalitiestherewasalsolittleornoviralactivityand
therewerelargepopulationsofCtarsalis

Theincreasedvaccinationofhorsesthatfollowedthe

earlywarningofanepidemicpotentialundoubtedlycon
vertedmanyanimalstoanunsusceptiblestatus1suspect
thatwewouldhavehadmorehorsecasesandabetteridea

ofspecificlocalitieswhereWEEviruswasactiveinthe
absenceofvaccinationHoweveritisobviouswhythis
wasnotdesirable

ImustconfessthatIdonothaveanexplanationforthe
failureofWEEvirustorespondtothetemperaturepredict
orifitisvalidThepredictorfavoredWEEvirusanditwas
practicallyabsentThepredictordidnotfavorSLEvirus
anditwasactivebutatalowlevelandinalimitedgeo
graphicareaTheunusuallyhotperiodinallregionsofthe
CentralValleyfromJulytoSeptembercouldhaveshort
enedthelongevityofClarsalisanddampenedviralactivity
Howeverwehavenoevidencethatthisoccurredanditis
pureconjectureWeknowtoolittleaboutdirectrelation
shipoftemperaturetovectorlongevityextrinsicincubation
ofvirusesandthefrequencyofvectorrefeedingsThisisa
majorareaofourcurrentresearcheffort

Therewasaremotepossibilitythatintheareasofmost
successfulcontrolthevectorpopulationwastoolowto
sustainviralactivityandinuncontrolledorlesscontrolled
areasthereweresuchlargepopulationsofCtarsalisthat
mostoftheirfeedingsweredivertedtomammalsandthis
alsodisruptedtransmissionThisexplanationwasmostun
likelyWedidprecipitintestsonseveralhundredblood
engorgedCtarsaliscollectedfromareaswheretherewere
highpopulationindicesandthesemosquitoeshadfedpre
dominantlyonbirdsthatwemustassumeweresusceptible
toinfection

DrLynesswillreportlaterintheprogramonobserva
tionshemadethatahighproportionoffemaleClarsalis
weregravidincollectionsmadefromareaswheretherewere
largepopulationsThereisaprobabilitythatthisreflected
ahighrateofautogenyThereisnoquestioninmymind
thatifthemajorityofaCtarsalispopulationdevelopedits
firsteggraftwithouttakingabloodmealthiswouldshorten
thevectorslongevityreducethenumberofsuccessive
bloodmealsanddampenviraltransmissionUnfortunately
thispossibilityalsoisconjectureandisasubjectforfurther
research

Thefinalvariabletoconsideristhattherewasntan

effectiveavailablesourceofvirustoallowCtarsalisto

initiateviraltransmissioninthespringandearlysummer
Itistruethatinrecentyearswehavehadverylowlevelsof
viralactivityinmostofthestateandthismayhavemini
mizedthesourcesofvirusesavailablein1969Itisalso

truethatthefloodingofextensiveareasmayhavekilled
manyanimalsorforcedthemtomoveandthusreduced
potentialhostpopulationsHowevertherewereanumber
ofsitesunderobservationwheretherewereampleavian
hostsandCtarsalisandwhereWEEvirushadbeenactive

everyyearsince1943In1969viralactivitywaslimitedor
absentatsuchlocalities

Ibelievethattheonlywaytosummarizethesituationis



tosaythateventhoughwehavebeenstudyingthesein
fectionsinCaliforniaforover30yearsIdonotknowwhy
themosquitobornevirusesdidnotreachrelativelyhigh
levelsofactivityin1969Iftherehadbeenabuildupof
virusinruralareasIbelievethecontrolprogramwould
havepreventedanepidemicofthemagnitudeof1952If
Iamfacedwiththesamecircumstancesofextensiveflood

inginafuturewinterandspringIwouldadviseanintensive
controlprogramaswecanpreventanepidemicandshould

TheFuture

1wouldliketoturnnowtoafewadditionalcomments

onthefutureThereisnoquestionthatWEESLECalifor
niaandTurlockvirusesremaininthisstateTherewillbea

resurgenceoftheiractivityandassociateddiseaseswhenall
circumstancesfavoritIbelieveweunderstandanumber

ofthefactorsthatfavorviralresurgencebutobviouslynot
allatthistime

TherearecertaindevelopmentsinCaliforniathatwe
knowclearlyfavorafutureincreaseinviralactivityWater
isbeingmovedintomanyformerlyaridareastodevelop
theareasforrecreationalagriculturalandurbanusage
Thisprogramwillprovidehabitatsthatfavorthedevelop
mentoflargepopulationsofCtarsalisandavianhostsfor
theviruses Muchofthewaterdevelopmentprogramis
beingcarriedoutwithlittleornoconcernforthishappen
ing

Numerousreportsonthisprogramdealwiththein
creasedresistanceofmosquitoestoinsecticidesandpeople
totheuseofpesticidesWepossiblyareatatimewhen
thereareextensiveareaswherewecannotmeetasituation
suchasfacedusthisspringandsummerCulextarsalisis
increasinglyresistanttoalllicensedinsecticides 1have

everyreasontoexpectepidemicsofmosquitoborneviruses
inthefutureunlessnewmethodsandmaterialsarefound

tosuppresstheinsecticideresistantCtarsalispopulation
Wecontinuetohaveaninabilitytosatisfactorilydis

tributeandmanageunusualrainfallsnowpackandresult
ingfloodingItistruethatafantasticsystemoffloodcon
trolfacilitieshavebeendevelopedandtheyaddtoourabil
itytomanagewaterHoweverin1969westillhadexten
sivefarmlandputoutofproductionsurpluswaterwas
spreadonunimprovedlandandinmanyareastheinunda
tionpersistedovermostofthesummerIttaxedourre
sourcesseriouslyandwecannotbearsuchcostscontinually

Duringthe1969seasonextensivelaboratoryandfield
studieswereaimedatfindingtheefficacyofnewlarvicides
formulationsandmethodsofapplicationagainstsusceptible
andresistantpopulationsofmosquitoes

1ManypersonsaidedinthesestudiesTheassistanceofHarmon
ClemensoftheKernMosquitoAbatementDistrictandManual

NunesoftheTulareMosquitoAbatementisacknowledged

2DepartmentofEntomologyUniversityofCaliforniaRiverside

Ithasbecomeincreasinglyclearinrecentyearsthattax
ationlevelswillbelimitedinthefutureaswillbetheabil

ityofthelandownertonarrowhismarginofprofitsinthe
interestofmosquitoormosquitobornediseasecontrol

Theprecedingisagloomyandpossiblyoverstatedseries
ofproblemsbutIdonotbelievesoIfwedonothavea
breakthroughinnewandeffectivemeanstokeepCtarsalis
populationsatalowlevelIcanonlypredictareturnto
thesituationwelivedwithintheperiodbefore1950In
thoseearlyyearsthenumberofcasesofencephalitisthat
developedeachyeardependedonthevagariesoftheen
vironmentandnaturewithlittleornoefforttomeetthem

Thedifferenceisthattodayweknowwhattoexpectand
whatneedstobedonetopreventanepidemicNewap
proachestocontrolthatcanbeputintoeffectinthefield
alwaysseemtohavegreatpromiseandtobeonthehorizon
Theseinclude

1Chemicalsandnaturallyoccurringtoxins
2Biologiccontrol
3Releaseofgeneticallyincompatibleorsterilemale

mosquitoes
4Theutopiaofintegratedandeconomicallyeffective

controlprograms

Ihopetheseapproachesandanincreasedabilitytoaccomp
lishsourcereductionloomlargeinourfuture

Itistemptingtoconsideranewresearchefforttodeter
mineifwecanconvertourCtarsalispopulationtoone
thatisgeneticallyincapableoftransmittingvirusesWe
couldlivewiththismosquitoifitcouldnottransmitWEE
andSLEviruses
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CoqandCulisetainornataWillistonInthesouthern
SanJoaquinValleyKernandTularecountiesmostofthe
workwasdoneonresistantandsusceptiblepopulationsof
thepasturemosquitoAede3nigromaculisLudlowAhighly
resistantstrainofCtarsaliswasalsofoundinKern

Countymanifestingahighleveloftoleranceagainstethyl
andmethylparathion

LaboratoryEvaluation

Inthelaboratorytechnicalmaterialsweredissolvedin
acetoneyielding1WVsolutionsThesesolutionswere
seriallydilutedwithacetoneFortestingpurposes100ml
oftapwaterwereplacedin4ozwaxpapercupsTwenty
4thinstarlarvaewereplacedineachcupandtherequired
volumesofthetoxicantacetonesolutionswereadded
CheckswererunalongwitheachtestEachtreatmentwas
replicatedtwiceandeachmaterialwasrunon23separate
occasionsThemortalitiesweredeterminedafter24hrex

posurethevaluesaveragedandplottedonprobitlogpaper
TheLC50andLC90valueswerereadofftheselinesandare
presentedinTable1

Severalexperimentalandcurrentlycommercializedma
terialswereevaluatedfortoxicityagainst4thinstarlarvae

Table1Laboratoryevaluationofnewinsecticidesagainst4thinstarmosquitolarvaeofCulexquinquefasciatus196970

Material

Dowco214

Dursban

Abate

RE11775

EPN

Bay77049
Bay75546

TH346Cidialor
Phenthoate
Bay85950

Bay82231

Bay79845

VCS506Phosvel
Fenthion

Lindane

Dowco217

Methoxychlor
Bay99485
Bay88991
Bay93820
GS13006

Bay92114
Bay91273
Landrin

Bay38799
Bay85194
Bay85032
Bay38800
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Chemicaldescription

00dimethyl0356trichloro2pyridylphosphorothioate
00diethyl0356trichloro2pyridylphosphorothioate
0000tetramethyl00thiodipphenylenephosphorothioate
32butylphenylNmethylNphenylsulfenylcarbamate
0ethyl0pnitrophenylbenzenethiophosphonate
00Diethyl02chinoxalylphosphorothioate
200diethylthionophosphoryl3bromo57dimethylpyrazolo
pyrimidine

ofCpquinquefasciatusMethylDursbanDowco214
wasfoundtobethemostactivecompoundtestedNextin
effectivenesswasacarbamateinsecticideChevronRE
11775whichsurpassedallothersineffectivenessagainst
thisspeciesSeveralothermaterialswerealsoquiteeffec
tivewhichmeritfurtherlaboratoryandfielddevelopment

SlowReleaseFormulations

SeveralpolyvinylchlorideformulationsofDursbanand
oneformulationofAbateasplasterofParisprillswere
evaluatedin18x18x1freshwaterpondsinOasisCoach
ellaValleyCaliforniaThepondsreceivedwatercontinu
ouslyfromapressurizedlinereceivingwaterfromawell
Thewaterlevelinthepondswasmaintainedconstantby
installingtoilettankfloatvalvesonthewaterlineineach
pondThewaterpHinthepondswas90 95

PiecesofDursbanplasticformulationwereplacedin5
spotsineachpondandtheAbateprillswalnutsizewere
distributedevenlyinthepondsInallcasestheformulation
sanktothebottom

Larvalcountsweretakenbeforeandatintervalsafter

treatmentalltreatedandcheckpondsweredriedupfora
periodofoneweekThepondswererefloodedwiththe

00dimethyldithiophosphoryllphenylacetate
Phosphorothioicacid00dimethyl04cyanoisopropylthio
methylthiophenylester
Phosphorothioicacid00dimethyl04acyanobenzylthio
phenylester
200diethylthionophosphoryl3chloro57dimethyl
pyrazolopyrimidine
025dichloro4bromophenyl0methylphenylthionophosphorate
00dimethyl04methylthiomtolylphosphorothioate
123456hexachlorocyclohexane
dimethyl356trichloro2pyridylphosphate
111trichloro22bispmethoxyphenylethane
Notreleased

a00diethylphosphoryloximinophenylacetonirile
00carhisopropoxyphenyl0methylphosphoroamidothiomate
00diethylS2methoxy134thiadiazol54Honyl4
methyldithiophosphate
Notreleased

00carhisopropoxyphenyl0ethylphosphoroamidothiomate
345trimethylphenylmethylcarbamate
0cyclopentylNmethylphenylcarbamate
Notreleased

11dimethy14indanylNmethylcarbamate
0cyclopentenylNmethylphenylcarbamate

LC50ppm LC90ppm
00010 00020

00010 00020

00010 00020

00018 00026

00020 00030

00032 00054

00040 00070

00048 00069

00050 00070

00050 00080

00050 00080

00050 00090

00050 00090

00060 00080

00060 00100

00180 00300

00235 00350

00250 00400

00300 00500

00340 00600

00470 00750

00800 01400

00880 01500

01000 01000

01000 01000

01000

01000



Table2EvaluationofslowreleaseformulationsofDursbaninplasticandAbateinPlasterofParisprillsforthecontrolof
mosquitolarvaeinexperimentalponds1969

Chemical

formulationDosage
ppm

Pretreat

12 34

Averagenumberoflarvaeandpupaefivedipssample
Posttreatmentdays

7 21 42
P 12 34 P 12 34 P 12 34 P 12

Dursban23005 16 4 1 37 6 1 26 4 0

Dursban33005 16 3 0 21 5 0 13 5 0

Dursban41005 48 10 2 36 13 0 16 5 1

Dursban50005 47 11 2 181 30 5 78 20 3

Abate3 005 24 4 0 50 9 1 28 8 1

Check 36 8 1 54 14 1 18 7 1

49 56

34 P 12 34 P

Dursban23100 10 3 0 25 19 2 3 2 0 1 0 0 1 1 0 20 8 0

Dursban33100 16 7 0 8 11 1 0 0 0 0 0 0 12 1 0 9 6 0

Dursban41100 22 4 1 35

Dursban50100 78 20 3 18

Abate3 100 27 9 1 5

Check 22 11 1 15 4 0 2 2 0 0 1 0 10 3 0 23 15 0

16 4 32 4 2 11 8 3 26 9 0 34 16 0

7 1 1 8 1 4 8 1 6 5 0 16 14 0

1 0 4 1 0 1 0 0 15 0 0 33 14 0

1A11pondsweresampledbytaking5dipsperpondThefivedipsthenwereconcentratedinto onesampleandpreserved
withalcoholSamplesweretakenpriortotreatmentandweeklyaftertreatmentAllthesampleswerecountedundera
dissectingmicroscopeinthelaboratoryChunksofDursbanplasticformulationswereplacedin4cornersandthecenterof
thepondsEachconcentrationwasreplicatedtwiceandtwopondsleftuntreatedforcheckAbateprillswereevenlydis
tributedintheponds

2Aftersamplingwaterfrompondswasturnedofffordrying

3Thepondsweredriedfor12daysandreflooded34daysafterstartoftreatmentandsamplesobtained10daysafter re

flooding

formulationsespeciallytheplasticonesstillvisibleinthe
pondsMosquitobreedingensuedandthelarvalpopulation
wasassessedforanadditionaltwoweeksThelarvaebreed

inginthepondsweremostlyCtarsalisSomeCinornata
larvaewerealsobreedingintheponds

Noneoftheformulationsyieldedanymarkedreduction
inthebreedingofmosquitoesTable2foranylengthof
timeItappearsthatthe23Dursbanpolyvinylchloride
formulationgavesomecontrolofbreedingafterthesecond
floodingbutthisreductiondoesnotlooktoosignificant

ThePVCDursbanandAbateplasterofParisformula
tionswerealsoevaluatedforreleaseinthelaboratoryby
addingdesiredamountsoftheformulationstowaterinone
gallonmasonjarsThereleasepatternwasstudiedovera
periodofaweekorsoThemagnitudeandextentofre
leasewerequitelowinthesestudiestoachievemosquito
control

Furtherdetailedstudiesontheseandotherslowrelease

formulationsarenecessarybeforeanyconclusionsastothe
efficacyoftheseformulationscanbemadeConcentration
intheformulationconcentrationaddedtothewatersur
facereleaserelationshipsaresomeofthefactorswhichre
quirecriticalevaluation

ResistancetoLarvicides

Resistancelevelsintwospeciesofmosquitoesnamely
AnigromaculisandCtarsaliswerestudiedItwasforthe

firsttimethatpopulationsofCtarsaliscouldnotbecon
trolledwiththeconventionalorganophosphateinsecticides
suchasethylparathionmethylparathionandfenthiondur
ingthe1969season

IntheKernCountystudiesCtarsalispopulationsinthe
JamesCanalareawerefoundtoberesistanttofenthion
DursbanmethylparathionandethylparathionTable3
Basedonthesedataitisexpectedthatthesematerialscan
stillbeemployedagainstthisspeciesduringthe1970sea
sonWhetherthesematerialswillremaineffectiveforsome

timetocomehastobeseenTheAnigromaculispopula
tionsinboththeCitySewerFarmareaandSmithpastures
werestillquitesusceptibletofenthionDursbanandmethyl
parathionPopulationsintheSmithpastureswereslightly
resistanttoethylparathionandthislevelhasnotincreased
overpreviousyearsPasturemosquitoesinthesepastures
arenotroutinelyandintensivelysubjectedtolarvicidal
treatmentpressure

IntheTulareCountyresistantpopulationsfromthree
pastureswhichwerepreviouslyconfirmedforresistanceto
someorganophosphatematerialswereevaluatedTable4
Thethreepopulationsshowedahighlevelofresistanceto
ethylandmethylparathionTheywerealsotolerantto
Abate Althoughsometolerancewasmanifestedagainst
fenthionDursbanandEPNitisaltogetherpossiblethat
thesematerialscanstillbeemployedduringthe1970sea
sonVariabilityinthedataissuchthatatwofoldvariation
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Table3SusceptibilitylevelsofKernCountymosquitolarvaetoorganophosphoruslarvicidesSeptember October1969

Chemical

Fenthion

Dursban

Meparathion
Ethylparathion
Fenthion
Dursban

Meparathion
Ethylparathion

Fenthion

Dursban

Meparathion
Ethylparathion

Material

Ethylparathion
Methylparathion
Fenthion

Abate

Dursban

EPN

12

Lccation

JamesCanal

JamesCanal

JamesCanal

JamesCanal

CitySewerFarm
CitySewerFarm
CitySewerFarm
CitySewerFarm
SmithPasture

SmithPasture

SmithPasture

SmithPasture

Species

Culextarsalis

Culextarsalis 0

Culextarsalis

Culextarsalis

Aedesnigromaculis
Aedesnigromaculis
Aedesnigromaculis
Aedesnigromaculis

Aedesnigromaculis
Aedesnigromaculis 95

Aedesnigromaculis
1edesnigromaculis

seemstobenormalwithintheexperimentalprocedure

FieldEvaluationIrrigatedPastures
Severalmaterialswereevaluatedagainstsusceptibleand

resistantpasturemosquitoesinKernandTularecounties
ThematerialswereappliedbyairorbyhandBothaqueous
spraysandgranularformulationswereemployedinthese
studiesDetailsofmethodofapplicationandformulations
areincludedinthetables

A AqueousSpraysAqueoussprayswereappliedby
airattherateof05gallonforthelowerdosageandat10
gallonperacreforthehigherdosageTheairplaneflewat
analtitudeof515feetandtheflightwasmadeunderrela
tivelycalmweatherconditions

TheexperimentswererunintwopasturesinTulare
Countywherethepasturemosquito4nigromaculishas
beenknowntoberesistanttoethylparathionmethylpara
thionandseveralotherorganophosphateinsecticidesSee
Table4VegetationintheTorrezpasturewasrelatively
wellgrazedandshortbutthegrassinSanchezpasturewas

PachecoPasture

LC50 LC90

19

13

008

024

004

007

42

50

016

036

01

016

Average24hour mortalityatindicatedconcppm
0001 0005 0008 001 01

100

100

100

85

38

22

013

024

004

008

5 20 100

13 55

10 33 100

20 30 100

100 100

93 100

100 98

20 53

93

95

026

05
012

031

100

100

100

88

100

100

100

95

1ThirdinstarlarvaewerecollectedfromthebreedingsourcesandtransportedtothelaboratoryTheywereplacedintap
waterandthensubjectedtovariousconcentrationsofthelarvicidesaddedasacetonesolutionstothecupsCheckswerealso
runwitheachtestandeachtreatmentreplicatedtwiceLarvaefromthesamelocationwereassessedforsusceptibility23
timesduringtheseason

ratherrankandlodgedduringthetreatmentswithsomeof
thematerials AllmaterialsevaluatedinTorrezpasture
wereeffectiveinyielding100ornearlyto100control
ofthelarvaeattherateof01poundofactualmaterialper
acreTable5LarvaeintheplotstreatedwithBay78182
duringtheposttreatmentcountwereonlyfoundunder
clumpsofgrassinisolatedpuddleswherepenetrationby
thespraydropletswasnotpossible

IntheSanchezpastureAktonandSupracidewere
highlyeffectiveatbothrates FenthionDursbanand

methylparathionspraysfailedtogivegoodcontroloflar
vaewhenthesematerialsweretestedat01lbacreItis
possiblethatthenatureoftheplantcovermayhaveinter
feredwiththeeffectivenessoffenthionandDursbanAs

canbeseenfromTable4thelarvaeinthispasturearestill
quitesusceptibletofenthionandDursbanBasedontheir
susceptibilitylevelthefenthionandDursbantreatmentsat
01poundacreshouldhaveresultedingoodtocomplete
controlofthelarvaeLackofpenetrationduetotheheavy
plantcoveristobesuspectedinthesesituations

Table4SusceptibilitylevelsofthreeOPresistantpopulationsofAedesnigromaculisinTulareCountytoorganophosphate
larvicidesduringthe1969season

24hourlethalconcentrationsinppm
TorrezPasture SanchezPasture

LC50 LC90 LC50 LC90

26

16

006

024

005

01

79

54

01

038

008

016

1LarvaewerecollectedinthefieldandbroughttothelaboratoryWhentheyreachedearly4thinstar2025larvaewere
transferredtodisposablecupscontaining100mlofwaterArangeofconcentrationofeachmaterialinacetonesolutionwas
studiedagainstthelarvae



Table5FieldevaluationofnewmosquitolarvicidesasaqueousspraysagainstOPresistantpopulationsofthepasturemos
quitoAedesnigromaculis1969

Material

formulation

Bay78182EC2

Check

DursbanEC4

Check

Theseexperimentswereconductedearlyintheseason
whenthepasturegrasswasnotgrazedsufficientlyandthe
plantcoverwasveryrankandlodgedOthertestswere
conductedlateronintheseasonbywhichtimethegrass
waswellgrazedbycattleTheTorrezpasturewasalso
characterizedwithrelativelyshortforagecover

B GranularFormulationsVariousgranularformula
tionsofseverallarvicideswereappliedbyaircraftormanu
allytoirrigatedpastureseitherasaprehatchorposthatch
treatmentThetestswereconductedinpasturesinhabited
byOPresistantorsusceptiblepopulations

Carbofuranappliedasgranulesattherateof01and02
poundacreofactualmaterialbothasposthatchandpre

Table6FieldevaluationofmosquitolarvicidesappliedasgranularformulationstoirrigatedpasturesforthecontrolofOP
resistantandsusceptibleAedesnigromaculispopulations

Dosage
Materialandformulation Treattime Ibsacre

Carbofuran2G
SandCore

Check

Carbofuran2G
SandCore

Check

Carbofuran2G
Check

Dursban1G
Fertilizer

Check

Dursban1G
Fertilizer

Check

Dosage Avgnolarvaedip
lbsacre PretreatPosttreat Reduction

TorrezPasture TulareCounty
01

02

00

005

010

00

8

6

6

15

18

10

Posthatch

Posthatch

Prehatch

Prehatch

Prehatch

10

00

170

03 96 FenthionlEC7
04 93 DursbanlEC4
80 0 Methyl

parathionEC5
Check

93

100

0

01

02

00

01

02

00

022
00

Material Dosage Avgnolarvaedip
formulation lbsacre Pretreat PosttreatReduction

9

10

3

SanchezPasture TulareCounty
01 18 08 56

0A 21 23 0

01 32 27 16

00 25 47 0

Bay77488EC4 01 50 00 100

02 70 00 100

Check 00 30 40 0

AktonEC2 01 50 00 100

02 70 00 100

SupracideEC2 01 140 06 96

02 110 00 100

Check 00 110 150 0

hatchtreatmentsyieldedcompletecontrolofOPresistant
aswellassusceptiblelarvaeTable6Themosquitoesin
Smithpastureareslightlytoleranttoethylparathionbut
nottoleranttomethylparathionorfenthionSeeTable3
OntheotherhandAnigromaculispopulationsinTorrez
andSanchezpasturesinTulareCountyareresistanttoethyl
andmethylparathionThisspeciesinthisareaalsohas
sometolerancetofenthionamaterialcurrentlyusedforits

Averagenumberlarvaedip
Pretreat Posttreat Reduction

SanchezPasture TulareCountyOPResistant

SmithPasture KernCountyOPSusceptible

0

75

005 0

010 0

00 45

TorrezPasture TulareCountyOPResistant
005 6

010 5

00 7

0 100

0 100

4 0

02 95

0 100

2

3

4 4 0

100

0

100

100

0

15

30

0

r

AppliedmanuallyAllothersappliedbyair

2ThreeconsecutivebiweeklytreatmentswereconductedCompleteabsenceofbreedinginthetreatedplotseachtime
followingtreatmentDuringfirstfloodingafterterminationoftreatmentbreedingrecurredinthetreatedplots
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Table7InsecticidaldripapplicationforthecontroloflarvaeofresistantstrainsofthepasturemosquitoAedesnigromaculis
TorrezpastureSummer1969

Chemicalandformulation

MethylparathionEC5 025 021 1 03 04 02
II II

025 021 2 04 03 03
025 021 3 02 04 03

MethylparathionEC5 050 033 1 08 10 53
050 033 2 09 20 170
050 033 3 14 72 135

Check 1 10 20 20
Check 2 20 50 40
Check 3 20 30 60

FenthionEC7 025 024 1 00 03 03
II II

025 024 2 00 15 16

14

025 024 3 00 00 00

EthylparathionEC4 030 026 1 17 67 163
030 026 2 05 28 159
030 026 3 23 45 16

Check 1 100 97 62
Check 2 61 112 39
Check 3 51 35 49

DursbanEC4 020 020 1 00 00 20
II II

020 020 2 00 27 28
II

020 020 3 00 02 15

DursbanEC4 038 027 1 Dry Dry 240
038 027 2 Dry Dry 200
038 027 3 Dry Dry 80

DursbanEC4 038 027 1 00 22 95
038 027 2 00 250 70
038 027 3 00 12 36

DursbanEC4 045 030 1 0 1 4
045 030 2 1 2 28
045 030 3 2 6 6

Check 1 12 7 3
Check 2 8 4 7
Check 3 4 15 6

l

l

ppm poundsacre checknumber

Averagenooflarvaedipatdist
fromwatervalveft

1000 1500 2000

1MeParathion2500mlofEC5containing31lbsofactualmaterialappliedin15hoursthrough016orificeCanal
pumpusedforirrigation

2MeParathionOnegallonofEC5drippedin14hoursthrough018orifice
3Fenthion2160mlofEC7 35lbsactualmixedwith1000mlofdieseloilanddrippedthrough016orificefor14
hoursWellwaterusedforirrigation

4EthylparathionOnegallonofEC4drippedfor14hoursthrough016orificeWellwaterusedforirrigation
5Dursban2500mlofDursbanEC43lbsofactualmaterialdrippedinfor9hoursthrough010orificeCanalwaterused
forirrigationfor14hours

6DursbanOnegallon4lbsactualdrippedthrough012orificefor14hoursCanalwaterusedforirrigation
7DursbanOnegallonofDursbanEC4drippedinfor14hoursthrough012orificeCanalwaterusedforirrigation
8Dursban4500mlofDursbanEC4containing45lbsofactualmaterialdrippedinfor16hoursthrough012orifice
Wellwaterusedforirrigation



controlItalsoshowssomecrosstolerancetoDursbanOn

accountofthislowlevelofcrosstoleranceDursbansprays
andgranulesfailedtocontrolthesemosquitoesintalland
heavygrasscanopywhilecompletecontrolwasachievedin
SmithpasturesThefailureofgranulesofDursbancouldin
partbeattributedtoitsslowreleasecharacteristicsnotre
leasingsufficientquantityofthetoxicanttooverwhelmthe
slightlytolerantstrainofpasturemosquitoes

DripApplicationofEmulsifiableConcentrates
Emulsifiableconcentrateformulationsoforganophos

phatelarvicidesweredrippedintoirrigationwaterspread
overthepasturesThetestswereconductedintwoareas
AnumberofexperimentswereconductedinTulareCounty
wherethepasturemosquitoAnigromaculiswasresistant
tomostoftheorganophosphatesTheotherseriesoftests
wereconductedinKernCountyinanareawherethepas
turemosquitoisstillsusceptibletomostoftheorganophos
phates

A DripApplicationinResistantPastureTheJohn
TorrezpasturelocatedonAvenue184andRoad805miles
southofTularewasselectedforthesetestsTheexperi
mentalareaconsistedofthreefieldseachhavingthree
checks75x1amileperfieldIrrigationwaterwaseither
pumpedfromawellattherateof1200gpmorfroman
irrigationcanalattherateof1500gpmThedurationof
irrigationpereachfieldwasabout1416hoursandeach
fieldwasirrigatedevery1014days

Theconcentratesweredrippedintothewaterstream

Table8Evaluationofsolenoidautomaticvalvestoregulatetheflowofemulsifiableconcentrateinsecticidesintoirrigation
waterforthecontrolofpasturemosquitoesSmithPastures1969

Materialandformulation

MethylparathionEC5
Check

MethylparathionEC5
MethylparathionEC5
Check

MethylparathionEC5
MethylparathionEC5
Check

MethylparathionEC2
Check

MethylparathionEC2
Check

DursbanEC4
Check

DursbanEC2

SupracideEC2
Check

Flowrate

Timersettingmin
on off

10 90

27 73

37 63

37

50

40

45

63

50

40 60

50 50

10 90

60

55

Orifice

in

022

016 180 024 0 0

014 180 024 0 0

014

014

016

014

020

014

014

1EC5formulationdilutedtoEC3withespesolsolvent

2Longirrigationcycle35checksirrigatedin4days
3EC4formulationdilutedwithSunlandAutomotivedieseltoEC2

fromaconstantheadgravityflowthroughdiscorificesof
01218inchdependingonthestrengthoftheconcentrate
anditsviscosityFormeteringlargervolumesthelarger
orificeswereusedandthesmallerorificesfordelivering
smallervolumesperunittime

Sincethemosquitoesinthispasturewereresistantto
ethylandmethylparathionSeeTable4thesetwoma
terialsweredrippedathigherratesthannormallyusedin
mosquitocontrolMethylparathionwasappliedat025
050ppmintheflowingirrigationwaterTable7This
ratewasequivalentto021and033lbacrebasedonthe
areatreatedEthylparathionwasusedattherateof030
ppmor026lbacreNeitheroneofthesetwomaterials
yieldedanymarkedleveloflarvalcontrolThenotionthat
dripapplicationsmightproveeffectiveagainstresistantpop
ulationswasdispelled

Fenthionattherateof025ppmor024lbacregave
goodbutnotcompletecontrolofthelarvaeThelevelof
controlwas100attheupperendofthefieldbutit
droppedfurtherdownthechecksfromthevalves

FourexperimentswereconductedwithDursbanThe
ratesofDursbanwere020038038and045ppmor
020027027and030lbacrerespectivelyInnoneof
thetestscontroloflarvaewascompleteGoodtocom
pletecontroloflarvaewasachievedattheupperendof
thefieldonly

Itisinterestingtonotethatcontinuousdrippingof
Dursbanevenatarateashighas045ppmdidnotpro

Averagenooflarvaedipat
Dosage indicateddistfromvalveft

mlhour ppm 1000 1500 2000

160 021 0 0 46

39 70 56

0

0

79 101 49

180 024 0 0 3

240 020 0 0 0

12 5 6

390 020 0 0 30

10 33 12

390 020 0 0 0

17 4 63

108 011 0 0 61

28 43 88

300

402

015

02

1 1

0 0

0

0

25 24 35
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ducegoodcontrolofslightlyresistantAnigromaculisA
lowerlevelofconcentration01502ppmofDursban
drippedinwaterspreadonasusceptiblepastureSmith
pasturesKernCountyyieldedcompletecontrolofthelar
vaeSeeTable8Itthusappearsthatdripapplicationsof
highlywaterinsolublematerialssuchasDursbanandFen
thiondonotyieldgoodorcompletecontrolofsomewhat
tolerantpopulationsofpasturemosquitoes

B DripApplicationinSusceptiblePasturesAnauto
maticsolenoidtimersystemwasevaluatedforgravitydrip
pingofconcentratesinSmithpasturesinKernCountyA
nigromaculisinthesepasturesarestillsusceptibletomethyl
parathionandotherorganophosphatesSeeTable3The
timerwassetforvariousfractionsofa10minutecycleto
turnonandoffthesystemautomaticallyAsthetimer
cameonittriggeredanelectricsolenoidvalvetopermit
drippingoftheconcentratesintotheflowingheadofwater
pumpedfromawellattherateof2000gpmDuringthe
offcycletheconcentratestoppeddrippingintothewater

DursbanEC4drippedinthismanneryieldedgoodcon
troloflarvaeuptothe1500ftdistancefromthevalve
whenthetimerwasonfor1minuteandofffor9minutes

Studiesonthedevelopmentofmosquitocontroltech
nologyattheUniversityofCaliforniaRiversideCalifornia
emphasizedworkonbothshorttermandlongtermsolu
tionstothemosquitoproblemAspartofthelongterm
studychemicalfactorsinfluencingselectionofoviposition
sitesbyfemalemosquitoeswereinvestigatedForthefirst
timeitwasdiscoveredthattherearenaturallyoccurring
chemicalfactorswhichaeinvolvedintheovipositionbe
haviorofourmostproblemspeciesofmosquitoessuchas
AedesnigromaculisLudlowpasturemosquitoCulextar
salisCoqencephalitismosquitoandAedestaeniorhyn
chusWiedemannasaltmarshmosquitoalongthecoast

Anotherimportantdevelopmentwasthediscoveryof
naturallyoccurringchemcalfactorswhichareelaborated
whenmosquitolarvaearehighlyovercrowdedintheir
breedingcontainers Thesechemicalfactorsarehighly
activeagainstyounglarvaeattheundeterminedbutsmall
dosestested Theydecimatetheyounglarvaeeitherby
killingthemorslowdowntheirgrowthtosuchanextent
thattheyremainbabiesformanydaysorweeks

Aspartofastudyfirdingshorttermsolutionstothe
mosquitoproblemsinCaliforniaseveralneworganophos
phateandorganocarbamatemosquitolarvicideswereevalu
atedagainstresistantandsusceptiblespeciesAnumberof
materialswerefoundtoyieldgoodtoexcellentcontrolof
resistantpasturemosquitoes

Applicationtechniqueswerealsostudiedanddeveloped
Itwasfoundthatcontinuousdrippingofemulsifiablecon
centratesintoirrigationwateryieldsgoodcontrolofsus
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Table8Increasingtheoncycleto4minutesusing
Dursbanat015ppmthismaterialyieldedalmost100
controlatalldistancesfromthevalve

Sincemethylparathionisstilleffectiveagainstthispop
ulationSeeTable37dripexperimentswereconductedto
findtheoptimumonandoffcycleofthesystemIn
mostcasestheonandoffcycleof46or55yielded
thebestresultsAcycleof19wasnotsatisfactory

AnexperimentalorganophosphateinsecticideSupracide
GS13005drippedat02ppmproducedexcellentcontrol
ofthelarvaewhenthismaterialwasmeteredatanonand
offcycleof4555Therateofapplicationofthisma
terialwasthesameorlessthanthatofmethylparathion
Severalothertestsnotreportedherewiththismaterial
alsoproducedexcellentresultsItwillbedesirabletoeval
uatethismaterialfurtherinareaswherethemosquitoesare
highlyresistanttoorganophosphatesSincethismaterial
hasahighersolubilityinwaterthaneitherfenthionor
Dursbanitisexpectedthatthismaterialshouldbecarried
downwiththewatermorereadilytowardthelowerendof
thefieldirrigated

MOSQUITOCONTROLINVESTIGATIONS DEVELOPMENTOFSOMESHORTANDLONGTERMTECHNIQUES

MirSMullaToshiakiIkeshojiandHusamADarwazeh
DepartmentofEntomologyUniversityofCaliforniaRiverside

ceptiblepastureAedesThismethodofapplicationhow
everdidnotproducegoodcontrolofthesemosquitoes
Ranknessofvegetationinfluencedefficacyofaerialsprays
Highandlodgedvegetationdecreasedefficacy

Theseandvariousotherstudiesaccomplishedduringthe
1969seasonaredescribedbelow

OvercrowdingFactors

Fieldobservationshavebeenrepeatedlymadeontheab
senceofmosquitobreedingincertainbreedingsourcesand
alsoonthesuddendeclineofmosquitolarvalandpupal
populationsfollowingheavybreedingforaperiodoftime
incertaintypesofbreedingsourcesLarvaeofadeadpre
daciousmosquitoCulexLutziafuscanushavealsobeen
observedinahabitatwhereheavylarvalpopulationofthe
preymosquitoCulexpipiensquinquefasciatusSay Cp
fatigansWiedemannprevailedinthefieldSuddendeclines
oflarvalpopulationshavealsobeenobservedinlaboratory
coloniesSuchsuddencrashesinpopulationdensityoccur
atcertainfrequencyandattimesarenotduetopresenceof
predatorsorpathogensorshortageoffoodsupply

Overcrowdingoflarvaeinlaboratoryrearingunitshas
resultedindieoffoflarvaeretardationofgrowthandemer
genceofderangedadultswithlowleveloffecundityThese
effectshavebeenobservedforthecontemporarygenera
tion

Wehypothesizedthatlarvaeculturedunderovercrowded
conditionsproducefactorswhicharetoxictothesucceed
inggenerationsInordertoprovethishypothesismos



quitolarvaewereculturedundervariousconditionsinthe
laboratoryTheresultsofthesestudiesareasfollows

ThirdinstarlarvaeofthemosquitoCpquinquefas
ciatusraisedunderovercrowdedconditions57larvaeml
producedchemicalfactorswhichwerehighlytoxictothe
lstinstarlarvaeofthisspeciesInadditiontobeinghighly
toxictotheyoungerlarvaetheovercrowdingfactorsslow
eddownthegrowthanddevelopmentofyoungerlarvaeand
producedmorphologicalaberrationsinthelarvaeexposed
tothesuspensionofextractsofthesefactors

Overcrowdedculturesoflarvaemaintainedunderseptic
andasepticconditionsshowedapproximatelysimilaractiv
itywhentheirsupernateswereevaluatedagainstyounger
larvaeInfusionsoflarvalfoodwithoutanylarvaeunder
septicandasepticconditionsalsoproducedsometoxic
factorsbutthenatureandquantityofthesefactorspro
ducedweredifferentfromthoseelaboratedinovercrowded

larvalculturesTapwatercontrolandlesscrowdedlarval
culturesweredevoidofthesefactors

Thetoxicovercrowdingfactorswereetherextractable
butsomefactorsalsowereextractedintheaqueouslayer
asdeterminedbybioassaytechniquesEtherextractoflar
valhomogenateswasfreeofthetoxicovercrowdingfactors

TheovercrowdingfactorsisolatedfromculturesofCp
quinquefasciatusandstreakedonthinlayerchromatograms
showed2zoneswherebiologicalactivitywasmostobvious
Ethereluatefromoneofthesetwozoneswasfurtherstreak

edonathinlayerchromatogramusingasecondsolvent
systemThemostactivematerialswerelocatedatthesol
ventfrontMaterialsfromthiszoneaswellastwoother

zonesshowedquickkillingactionandresidualactivity
against1stinstarlarvaeInsometeststheovercrowding
factorsmanifestedbiologicalactivityforaslongas22days

OvercrowdingfactorsofCpquinquefasciatusshowed
considerableactivityagainst1stinstarlarvaeofCtarsalis
AedesaegyptiLandAnophelesalbimanusWiedemann
Inoneexperimentovercrowdingfactorsfromalarvalcul
tureofAaegyptiwereextractedwithetherThismaterial
showedhighactivityagainstlarvaeofCpquinquefasciatus
Ethanolelutionofconcentratedetherextractshowedcon
siderablyhigherbiologicalactivitythanthewatersuspen
sionsofthesamematerialsItispostulatedthatethanol
eithersynergizesthefactorsormakesthemmoreavailable
tothelarvae

Theovercrowdingfactorsproducednaturallybymos
quitoesthemselvesarehighlyselflimitingOncethesecom
poundsarechemicallyknownandaresynthesizedtheywill
providecontrolofmosquitoesinnatureOnethinginfavor
ofthesesubstancesisthattheyarealreadypresentinna
tureandfurtherapplicationbymanwouldcauselittleor
noenvironmentalpollutionproblem

OvipositionAttractants

Itisawellknownfactthatmosquitoeslaytheireggsin
certainbodiesofwaterandnotothersAnumberofcom

plexfactorsprevailinginthebreedingsourcesofmosquitoes
influenceselectionofovipositionsitesbymosquitoesand
thedepositionofeggsinthesesourcesAmongthesefac
torsvolatilechemicalshavebeenfoundtoattractmosquito
adultstocertainsitesforoviposition

EarlierstudiesonovipositionattractantsforCpquin
quefasciatusprovidedanewstimulustoembarkupona
studyofovipositionattractantsofothermosquitoesOc
currenceandbiologicalcharacterizationoftheseattractants
wereinvestigatedforfourrepresentativespeciesofmosqui
toesbreedingindifferenthabitatsinCaliforniaThesemos
quitoeswereCpquinquefasciatusCtarsalisAnigro
maculisandAtaeniorhynchus

Watersampleswerecollectedfromfourdifferentsitesin
whichmosquitolarvaewereeitherbreedingorexpectedto
breedanartificialpollutedpondforCpquinquefasciatus
anartificialunpollutedpondforCtarsalisanirrigatedpas
turefor1nigromaculisandasaltmarshforAtaeniorhyn
chus

Onehundredor120litresofthefieldwaterfromeach
breedingsiteweredistilledtogettheinitialonetenthali
quotofdistillatewhichwasredistilledto15volumeThe
finaldistillatewasextractedwithethyletherTheether
wasremovedunderavacuumevaporatorand2mlofthe
attractantconcentratewasobtained

Theconcentratewasbioassayedinthefollowingmanner
FortheCulexspeciesa50mlbeakertrapcontaining10ml
tapwaterwasprovidedwithafilterpaperstriptreated
witheither5microlitreor50microlitreoftheconcentrated

attractantThebeakerwascoveredwithawirenetcone

andsetinamosquitocageEggraftslaidinthetrapswere
countedthenextmorningForAedesspeciesthewallsof
asmallpaperportioncupweretreatedwiththematerial
ThecupwasthenfilledwithmoistenedcottonpadThe
numberofeggslaidonthecottonpadofthetreatedcup
wascomparedwiththatlaidontheuntreatedcupthenext
morningRatioofthenumberofeggraftsoreggslaidon
thetreatedunitagainstthatontheuntreatedunitwas
workedout

Thefollowingexperimentalresultswereobtained1
OvipositionattractantsofCtarsalisAnigromaculisandA
taeniorhynchuswerefoundforthefirsttimetoexistin
theirnaturalbreedingwatersandtheseattractantsprovided
stimulitoattracttheparticularspeciesCtarsalisattractant
was51and71timesasattractiveasdistilledwatertothis

speciesat5to50microlitresoftheconcentraterespective
ly Anigromaculisattractantwas43and73timesas
attractiveasdistilledwaterat5and50microlitresrespec
tivelyAtaeniorynchusattractantdrew100oviposition
indistilledwaterTheattractantofCpquinquefasciatus
yieldedaratioof47and28at5and50microlitresre
spectivelyversusdistilledwater2Ovipositionattrac
tantsofCtarsalisAnigromaculisandAtaeniorhynchus
howeverwerenotattractivetootherspeciesofmosquitoes
andshowedrepellencyinsomecasesTherewasoneex
ceptiontothisastheAnigromaculisattractantswereat
tractivetoCtarsalisatthedoseof5microlitresCp
quinquefasciatuswasattractedtotheattractantsofallspe
ciesandnotspecificinitsresponse

Theavailabilityofsyntheticovipositionattractantssim
ilartothoseproducedinnaturebybacteriaandothermic
roorganismswillprovideanovelmethodforthecontrolof
pestandvectormosquitoesByutilizingtheseattractants
mosquitoovipositionmaybeintensifiedinasmallportion
orportionsofthebreedingsourceswheretheeggsorlarvae
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canbeeliminatedbyotherprocedures

EvaluationofLarvicidesandApplicationTechniques
Anumberofnewermosquitolarvicideswereevaluated

againstsusceptibleandresistantmosquitoesinKernand
TularecountiesBay77488and78182yieldedcomplete
controlofresistantpastureAedesattherateof01lbacre
SimilarlyAktonSupracidaGS13005andcarbofuran
attherateof01lbacreproducedcompletecontrolofthe
resistantpasturemosquitoesDursbangranulesI on

theotherhandyieldedpoorcontrolofOPresistantAedes
at01lbacrebutproducedI00controlofOPsusceptible
Aedesattherateof00lbacreItisprobablethatfen
thionandDursbancouldcontrolOPresistantmosquitoes
duringthecomingseason

SeveralmaterialswereevaluatedagainstOPresistantpas
ture4edesbythecontinuousdripapplicationmethod
Methylparathionethylparathionatratesashighas033
and026lbacrerespectivelyyieldedpoorcontrolofmos
quitolarvae Atadistanceof15002000feetfromthe

valvetherewaslittleornocontroloftheOPresistantmos

quitoes Fenthionat025lbacreappliedbythedrip
methodyieldedgoodbutnotcompletecontrolofthesere
sistantAedesThelevelofcontrolwasabout75atthe

lowerendofthefieldItwasdiscouragingtofindDursban
arecentlyregisteredproductformosquitocontrolwhen
appliedatratesashighas03lbacreproducedpoorcon
troloftheseOPresistantmosquitoesTherewasnocontrol
oflarvaeatthelowerendofthefieldDursbanhasnot

beenusedformosquitocontrolinCaliforniaanditappears
thatparathionresistantmosquitoeshaveacrosstolerance
toDursbanItisalsopossiblethatabsorptionandfiltration
ofDursbanontheorganicmaterialofthesepasturesistoo
highWaterqualitymightalsoplayarole

Aerialapplicationofaqueousspraysoffenthionmethyl
parathionandDursbaneachmaterialappliedat01lbacre
yieldedlittleornocontrolofmosquitoesinapasturewith
highandlodgedvegetationDursbanat005lbacreap
pliedasaqueousspraytoanadjacentpasturehavinglow
wellgrazedvegetationyieldedcompletecontrolofthelar
vaeTheAedesmosquitoesinbothpastureswereparathion
ethylandmethylresistant

Continuousdripapplicationofconcentratesisnotfeas
ibleundermostoperationalconditionsThisisduetothe
smallvolumeoftheconcentrateneededtobemetered

throughasmallorificeItwassuggestedthatintermittent
ordiscontinuousdeliveryofconcentratesmightovercome
someofthedifficultiesinvolvedincontinuousdripappli
cation Itthereforebecamenecessarytoinvestigatethe
ratioofonandoffperiodsformeteringoftheconcen
trates

Solenoidtimersystemwerefixedtoreservoirsofinsec
ticidalconcentratesonseveralwellsinSmithpastureinNW
KernCountyTheAedesmosquitoesherearesusceptibleto
methylparathionandDursbanbutslightlytoleranttoethyl
parathionUsingmethylparathionconcentrateEC5me
teredatanaveragerateof020to024ppmintheirrigation
watergoodtocompletecontrolwasobtainedwhenthe
timerwassetfor3to5minutesonand7to5minutesoff

Levelofcontrolwaspoorwhenthemeteringdevicewason
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for1minuteandofffor9minutesItlookslikea5050
offforfiveminutesandonfor5minutescyclewillyield
goodresultsDursbanconcentrateEC2wasappliedat
therateof011to02ppmControlwasnotcompleteat
11ppmwiththemeteringdeviceonfor1minuteandoff
for9minutesCompletecontrolwasobtainedwhenthe
ratewasincreasedto015ppmandtheonofftimeswere
4and6minutesrespectively

MosquitoControlinSewageLagoons
Emulsifiableconcentratesofseveralmaterialswere

pouredintotheincomingsewagestreamwhichwasdistrib
utedover6pondswiththreeinarowconnectedinseries
Abateat03 04Ibacreyieldedcompletecontrolinitially
Inwintermonthsthedurationofcontrolwasfarlonger
than4weekswhileinthespringthelevelofcontrolwas
completefor5weeksin5pondsbutonlytwoweeksin
onepondThispondprobablywasshutoffbeforesuffi
cientquantityofinsecticideflowedin

SupracideGS13005orEC2attherateof04lbacre
didnotyieldcompletecontrolofmosquitoesinthesewage
lagoonsalthoughlevelofcontrolwasquitehighinitially
FenthionEC4at04lbacreyieldedgoodcontrolbutthis
lastedonlyfortwoweeksorsoCibaC9491EC3atthe
rateof03lbacregavegoodcontrolinitiallybutthepopu
lationcameuprapidlywithin2to3weeksAktonEC2
attherateof03 04lbacreyieldedgoodtocomplete
controlbutthepopulationbuildupwasapparentwithin3
weeksaftertreatment

ThreetestswererunwithDursbanEC4inthesesewage
lagoonsIntwotestsmadeattherateof03and04lb
acrecompletecontrolofmosquitoeswasachievedformore
than77daysaftertreatmentInanothertest03lbacre
mosquitobreedingresumedwithin56daysaftertreatment

FromthesestudiesitwasconcludedthatDursbanisby
farthemostactiveandresidualmaterialunderthesetesting
conditionsItwasalsoshownthatthepourinmethodpro
videsaneasyandeffectivemethodforcontrollingmosqui
toesinterminatedsewagesystems

SlowReleaseFormulations

Dursbanwassolubilizedinpolyvinylchlorideplastic
TheconcentrationsofDursbanwere23 33 41and
50 Fivetosixchunksofeachformulationwereplacedin
abreedingpond20x20toyieldaconcentrationof1ppm
ofDursbaninthewaterAbatewasformulatedinplasterof
ParisballsTheballswere05 10cmindiameterThe

concentrationofAbateintheplasterwas3andtheballs
werethrowninthepondstoyieldaconcentrationof1ppm
ofAbateinthepond

Afterapplicationoftheslowreleaseformulationthe
pondswerekeptfloodedandsampledformosquitolarvae
for3weeksafterwhichtheyweredriedandreflooded10
dayslaterandthensampledforlarvalpopulations

NeitherDursbannorAbateyieldedcompletecontrolof
larvaeinthetreatedpondsTherewasamediocrelevelof
controlinthepondstreatedwiththe23and33formula
tionsofDursbanandtheplasterofParisformulationof
AbateTheothertwoformulationsofDursbanwerein

effectiveTherewasnomosquitocontrolafterthesecond



Table1EffectivenessofIMC10001pathogenagainstlarvaeofCulexpipiensquinquefasciatusinpanscontaining25larvae
in2000mlofwater

Conc

ppm

1 10 0

10 40 0

20 72 0

Check 0 0

1 4 2

10 0 32

20 4 32

Check 0 0

Cumulativepercentmortalityaftertreatmentdays
2 3 4 6 7

L P A L P A L P A L P A L P

0 26 0 0

0 68 0 0

0 78 0 0

0 0 0 0

14 6 2 20

20 0 36 22

18 4 34 28

0 0 0 0

2ndInstar

44 0 0

76 0 0

82 0 0

0 0 0

4thlnstar

6 2 22

0 38 26

8 36 32

0 0 0

1Twentyfivelarvaewereplacedinwhiteenamelpanscontaining2000mloftapwaterThematerialwassuspendedin
waterandtherequiredamountwasaddedwith1mlpipettothewatersurfaceLarvaewerefedapproximately5mg
every48hoursanddeadlarvaepupaeandadultswererecordedandremovedfromthepanevery24hoursTworeplicates
perconcentrationandtwocheckswererunconcurrently

flooding

Slowreleaseformulationsoffersomegoodpossibilities
formosquitocontrolTheseformulationshavetobefur
therstudiedTheefficacyoftheseformulationsisnotsuf
ficientatthistimeandonlythesurfacehasbeenscratched
asfarasthistechnologyisconcerned

MicrobialToxins

AmicrobialtoxinpreparationknownasIMC10001
InternationalMineralsandChemicalsCorpwasevaluated
againsttwospeciesofmosquitoesThemosquitospecies
studiedwereCulexpquinquefasciatusandAalbimanus
Secondand4thinstarlarvaeofeachspecieswereemployed

Thepowderpreparationwastestedat110and20ppm
Larvalmortalityaswellasadultemergencewasobserved
overaperiodof7and10daysforthetwospecies

IMC10001wasmoretoxictothe2ndinstarlarvaeof

Cpquinquefasciatusthantothe4thinstarlarvaeofthis
speciesNoticeablemortalityoccurredafter48hoursof
exposureof2ndinstarlarvaeatallconcentrationsreaching
maximumlevelafter7daysatwhichtime998and100
ofthelarvaeweredeadat110and20ppmrespectively
Table1Mortalityof4thinstarlarvaehoweverwasvery
lowatallconcentrationsamountingtoonly4atthe20
ppmconcentration6daysaftertreatmentMortalityin
thepupalstagehoweverwasmoderateAttheendof7
daysofexposuretheadultyieldforthe110and20ppm
concentrationswas64 28and24respectivelyEmer
gencyofadultswasalmost100inthechecks

ThefirstinstarlarvaeofAalbimanuswerealsomore

susceptibletoIMC10001thanthe4thinstarlarvaeEight
daysaftertreatment24and80ofthelarvaehaddiedat
1and10ppmconcentrationsTable2Adultemergence
andpupalmortalitywerenotassessedinthiscaseanditis
verylikelythatconsiderablemortalityoccurredinthese
stages

Mortalityinthe4thinstarlarvaeofAalbimanuswas
quitelowItdidnotgoabove10atthe20ppmconcen
tration8daysaftertreatmentMortalityinthepupaland
adultstagehoweverwasquitehighThefinalyieldof
adultswas26 8and0at110and20ppmconcentra
tionsTheyieldofadultsinthechecktreatmentwas92

Bacterialpreparationsoffersomegoodpossibilitiesfor
mosquitocontrolTheirinitialeffectivenesslongtermef
fectivenessspecificityandformulationshoweverhaveto
bestudiedfurther

PetroleumOils

Petroleumoilsweresomeofthefirstcontrolagentsused
formosquitocontrolinthelarvalstagesForexample
Keroseneoilwasusedpriortotheturnofthecenturyfor
mosquitocontrolintheUnitedStatesAsfarasknownthe
useofpetroleumoilsformosquitocontrolorotherarthro

Table2EffectivenessofIMC10001pathogenagainst
larvaeofAnophelesalbimanusinpanscontaining25larvae
in2000mlofwater

Cumulativepercentmortalityaftertreatmentdays
Conc 4 6 8 10

ppm LPA LPA LPA LPA

1

10

Check

1

10

20

Check

000

600

000

84 0 0 90 0 0

94 0 0 98 0 0

98 0 0 100 0 0

0 0 0 0 0 0

6 4 26 64 emerged
0 42 30 28 emerged
4 36 36 24 emerged

0 0 0 100 emerged

2ndlnstar

400 2400

1600 8024

000 400

4thInstar

0228 22420 23438

61816 62018 84836

4108 122018 107020

000 000 008

26 emerged
8 emerged
0 emerged
92 emerged

FormethodsandprocedureseefootnoteinTable1
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podshascausednoresistanceinanyoftheinsectscon
trolled

Duetothecontinuousandprogressivedevelopmentof
resistanceinAnigromaculisthepasturemosquitoandC
tarsalistoorganophosphatelarvicidesstudiesontheef
ficacyofpetroleumoilsandtheirformulationsformosqui
tocontrolwereinitiatedItisawellknownfactthatpet
roleumoilswillkilleggslarvaeandpupaeofmosquitoes
Inthisregardtheyaremoreeffectivethantheorganophos
phorusandorganocarbamatematerialswhichkillonlymos
quitolarvaebutnottheotherimmaturestageswhichare
presentalongwithlarvaeatthesametime

Inordertostudyandimprovetheefficacyofpetroleum
oilsseveralcommonlyavailablefractionswereselectedfor
studyThesefractionswereToxisolFLCToxisol142
andFLITMLOThemodeofactionandformulationef

ficacyoftheseoilsagainstmosquitolarvaeandpupaewere
studied

Thequestionastohowoilskillmosquitolarvaeand
pupaehasbaffledresearchersformanyyearsThisques
tionwasansweredbyplanningandexpeditingmanyexperi

1969wasanexcitingandfruitfulyearintheMosquito
PathologyLaboratoryatUCRiversideWehaveresearch
edseveralpotentiallyeffectivepathogensandotheralterna
tivebiologicalmethodsofmosquitocontrolsomeofwhich
willbediscussedhere

Forthepastfouryearwehavebeensurveyingselected
mosquitobreedingsitesinsouthernCaliforniainsearchof
diseasedmosquitopopulationsIn1967whilemakingour
firstsurveysintheSantaAnaMountainsinOrangeCounty
wecheckedLaddCreekandSilveradoCreekintowhich
LaddCreekemptiesThepotholesalongthesidesofeach
ofthesestreamsforallpracticalpurposesappearedtobe
acceptablebreedingsiteformosquitoesbutnolarvae
couldbedetectedThe1Dcalresidentsindicatedthatmos

quitoeswerenoproblemintheirareaandtheywerenot
awareofanyinsecticidaltreatmentsintheircanyonfor
severalyears SubsequentconsultationwiththeOrange
CountyMosquitoAbatementDistrictpersonnelconfirmed
thenaturallowlevelofmosquitoesinthesetwocanyons
Thepresenceofagreenfilamentousalgawasobviousand
nootherfactorwasreadilydetectablethatcouldhavesup
pressedmosquitoessothoroughlyovertheseveralmilesof
streambedduringJuneandJulyThereforesamplesofthis
algaandsomeofthestreamwaterweretransportedtoour
laboratoryandbioassayedagainstmosquitolarvaeLarvae
thatwereplacedinthestreamwaterfailedtodevelopand
whenthealgawasculturedintapwaterforafewdaysthis

ThisworkwassupportedinpartbyUSDepartmentofAgricul
tureResearchandServiceContractNo1214100816433Agri

culturalResearchServiceWashingtonDC
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mentstomeasurethecuticularandaerialrespirationof
mosquitolarvaeandpupaeItwasfoundthatthemodeof
actionofoilsisacomplexoneTheoldtheoryofsuffoca
tionwasfoundtobethemeanreasonforkillbutsuffoca
tionisenhancedbycertaincomponentsofoilswhichex
citelarvaeandpupaesotheycancomeincontactandpick
upsufficientquantitiesofoilintheirrespiratorychannels
andontheircuticleThearomaticcontentofanoilisgen
erallyresponsibleforirritationandexcitationofthelarvae

Theoldconceptthatauniformoilfilmisrequiredfor
effectivenesswasdisprovenItwasfoundthatoilswhich
formeduniformfilmsfor57daysweremuchlesseffective
thanoilsformingdiscontinuousfilmsThicknessofthe
filmandpresenceoflensesindiscontinuousfilmsareim
portantforincreasedactivityofoilfilms

Theadditionofbiodegradablesurfaceactiveagentsin
creasedtheactivityofoilsagainstmosquitoesWithsome
surfactantstherewassynergisticactionwheretheaction
ofpetroleumoilswasenhancedmateriallyByusingapro
persurfactantitwouldbepossibletolowertheratesof
petroleumoilsusedformosquitocontrol

waterbecametoxictotestlarvaeBasedontheseinitialob

servationsaPhDdissertationproblemwasoutlinedand
assignedtoShankarAmonkarDrAmonkarcompletedhis
dissertationinDecember1969onthetoxicmetabolites

producedbyfivespeciesofalgaeisolatedfrommosquito
breedinghabitatsinOrangeandRiversidecountiesAmon
kar1969

LaddandSilveradocreeksareflowingstreamseach
springandpartofthesummerDependinguponthea
mountofrainfallintheareatheydryupastheseasonpro
gressesWinterrainsrevivethesestreamsandanoverwin
teringinoculumofthisalgainitiatesnewgrowtheach
springasearlyasMarchorAprilThisparticularmacro
filamentousgreenalgaknownasculturenoAL001was
studiedinourlaboratorypureculturedandidentifiedas
CladophoraglomerataTable1

Basedontheencouragingpreliminaryresultsobtained
withAL001otheralgalisolatesfrompotentialmosquito
breedinghabitatswerescreenedandatotaloffivespecies
ofmosquitoactivealgaewereisolatedTheseactiveisolates
fallintoavarietyoftaxonomicgroupsincludingonegreen
macrofilamentousAL001Cglomerataonebluegreen
microfilamentousAL003Schizothrixfriessiionegreen
unicellularAL005Chlorellaellipsoideaandtwospecies
ofahigherplantlikeformofgreenalgathatbearsmale
andfemalebodiesAL004CharafragilisandAL010
AL011andAL012CharaelegansTwoisolatesofanon
toxicalgaAL014andAL015Spirogyraspwerecarried
ascontrolforthiswork

Eachisolatewaspureculturedandtheculturewaterbio



Table1AlgalisolatesfromOrangeandRiversidecountiesthatweredeterminedtobeactiveagainstimmaturestagesof
mosquitoesAmonkar1969

SampleNumber Division

AL0O1

AL003

AL004

AL005

AL010

AL011

AL012

Chlorophyta
Cyanophyta

Charophyta

Chlorophyta

Charophyta

SpeciesIdentity

CladophoraglomerataLKuetzing
SchizothrixfriesiiAgGomOs

pseudogeminatavarunigranulata
Biswas

CharafragilisDesvaux

ChlorellaellipsoideaGerneck

assayedforactivityThendehydratedalgalmaterialfrom
eachwasextractedwithhotmethanolandthiscrudeex

tractpurifiedusingcolumnchromatographyEachofthe
activealgaeyieldedachromatographicallypurecompound
thatwastoxicforimmaturemosquitoesandthetwoin
activealgaethatwereextractedinthesamemannerdidnot
yieldtoxicfractionsTheactivefractionfromeachofthese
sevenisoatesandthecorrespondingfractionfromAL014
and015werebioassayedagainst4speciesoflaboratory
rearedCulexandAedesaswellasfieldcollectedinsecticide

resistantstrainsofthepasturemosquitoAedesnigromac
ulis

Thedifferencesinthebioassayresultsbetweenthetreat
mentsandcontrolswereveryhighlysignificantatthe01
levelHistopathologicalstudiesonAedestriseriatuslarvae
treatedwithmaterialfromAL001showedatleastone

modeofactionandthetargettissuesTheepitheliallining
ofthegutwallhadbeendisruptedandthegutcontents
hadstoppedmovingandhadbecomecompactedIncon
trastthenormaluntreatedlarvaehadtheirepitheliallining
intactandthedigestivetractcontentsweremovingthrough
inanormalrhythmicfashion

Thesefindingshaveatwofoldvalueinpracticalapplica
tionThetoxicstrainsofalgaecouldbepropagatedinrice
fieldspondsandstreamstosuppressthelarvalpopulations
ofmosquitoesSecondlytheactivecompoundscouldbe
chemicallycharacterizedandcommerciallysynthesizeda
longwiththeiranaloguesanddispersedatthemosquito
breedingsiteslikeotherchemicalinsecticides

Beingbotanicallarvicidesthereisprobablylessriskof
larvaedevelopingresistancetothesecompoundsthanto
theusualchemicalinsecticidesFurthermorethesecom
poundsarenormallyreleasedbythesealgaeintotheaquatic
environmentthusbringingaboutanaturalpopulationcon
trolofthemosquitoesNoadverseeffectstofishoraquatic
insectpredatorshavebeenobservedThenormalcohabi
tantsofmosquitohabitatshavebeenobservedtobevery
healthyinthepresenceoftheseactivecompoundsatlevels
thatsuppressmosquitodevelopmentThiswouldindicate
thatthesecompoundsareratherspecificnaturallarvicidal
agents

Thesefindingshavesignificanceonaworldwidebasis
aswellasstatewideThefactthatcertainalgaecanbeuse

CharaelegansABraunRobinson

GrossCharacteristics

Macrogreenfilamentous

Microbluegreenfilamentous

Macrogreenplantlikewith
dand9fruitingbodies

Microgreenunicellular

Macrogreenplantlikewith
dand9fruitingbodies

fulinthecontrolofAaegyptiwhichisaworldwide
diseasevectoraswellasAnigromaculiswhichprevailsin
irrigatedpasturesofCaliforniamakesthisresearchrelevant

Nowhereisanadditionalbitofresearchthatshowshow
oneresearchproblemcanleadtothenextBecauseofthe
strongcorrelationbetweentheodorreleasedbycrushed
freshCharaandtheodorreleasedbycrushedgarlicagarlic
oilfractionwasisolatedandtestedandfoundtobehighly
larvicidalagainstfivespeciesofthirdinstarCulexandAedes
larvaeincludingthepasturemosquitoAnigromaculis
AmonkarandReevesinpressLC50sforthefivespecies
wereintherangeof2to6ppmofthiscrudefractionof
garlicoil

Furthereffortsarebeingdirectedtowardspurification
oftheactiveprincipleandstudyofitspathologicaleffects
onmosquitolarvaeThechemicalcharacterizationandthe
commercialsynthesisoftheactiveprincipleofgarlicwould
permittheutilizationofthisbotanicalinsecticideinmuch
thesamemannerasotherpesticidesThiscouldbeanin
terestingapproachtomosquitocontrol

Amajoraccomplishmentinthedetectionandevalu
ationofmosquitopathogenshasbeentheisolationofa
bacterialpathogenfrommoribundCulextarsalislarvaethat
iseffectiveagainstmosquitolarvaeofthegenusAedesin
cludingAaegyptiAnigromaculisAsierrensisandA
triseriatusThisisolatedesignatedBA068isacrystalli
ferousBacillusandtentativelyconsideredtobeanewspe
ciesThisbacteriumconsistentlyproducestwoparasporal
bodiespercellwhenculturedonartificialmediumaswell
aswhenitoccursinahostinsectThischaracteristicap
pearstobeastablegeneticmarkerwhichmorphologically
makesaveryeffectivelabel

WeisolatedthisbacteriumfromdiseasedCtarsalislar

vaebutitisratherineffectiveasapathogenagainstCulex
larvaehoweveritisaveryeffectivepathogenagainstAedes
larvaeThismayindicatethatithasevolvedinassociation
withtheCulexgenusandasmanyparasiteshavedonede
velopedaworkablerelationshipthatinmostinstancesis
lessthanfataltoitshostIncontrastwhenassociatedwith
Aedeslarvaethesamebacteriumistheetiologicalagentof
afatalinfection

BA068isreadilyculturedinthelaboratoryanditstax
onomicpositionisbeingdeterminedResultsoflaboratory
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bioassaysagainstfirstinstarAedeslarvaeshow9798mor
talitywith09x10sporesmlinthe4speciestested
withverylowmortalityinthecontrolsComparablemor
talityreadingswereobtainedwiththirdinstarAedeslarvae
with45x10sporesmland4mortalityinthecontrols

Preliminaryfieldtestsagainsthighlyinsecticideresis
tantstrainsofAedesnigromaculislarvaehavebeencon
ductedinirrigatedpasturesinTulareandKerncounties
andlookgood

Atthetimeofthesetestswehadonlyalimitedamount
ofmaterialandthevolumeofwaterinthetestareaswas

actuallygreaterthanwehadhopedforThereforetherate
ofapplicationwasconsistentlylowerthanidealIngeneral
wewereverypleasedwiththeresultsTheoreticallywhen
thediseasedlarvaediedtheydepositedsomebacterialspores
onthemuddysurfaceofthesoilwhichcanactasanin
oculumagainstthenextgenerationofmosquitolarvae
whichwilloccurfollowingthenextirrigation Ifso

thiswouldbeatleastapartiallyselfperpetuatingsystem
Anotheralternativeininsecticidesthatmayfindsome

applicationincertainintegratedcontrolprogramsistheuse
ofcertaintypesofCruciferaeseedswhicharecapableof
producingamucilaginoushaloaroundeachseedwhen
placedinwaterReevesandGarcia1969

WhentheseedsofDescurainiasophiaDpinnataor
Lapidiumflavumareplacedinwaterthedehydratedmucil
agecontainedintheirseedcoatspopsoutinlessthana
minuteWhenlarvaecomeincontactwiththismucilagin
ouslayertheybecomeirreversiblyattached

TwootherlocalCruciferaeweedsthatareeffectivelar

Mosquitocontrolisacomplexoperationthatinvolves
thecooperativeeffortsofpeoplehavingwidelydiffering
reasonsforparticipatinginthisactivityIwouldliketo
sharewithyoumyinterpretationsofsomeofthereasons
fordecisionmakinginmosquitocontrolandmyprojection
ofthingstocomeTobemorespecifictheprimaryinter
estofthemosquitoabatementdistrictmanageristhe
achievementoffewermosquitoesinhisdistrictwithout
sideeffectsandcoststhatmayoutweighbenefitsThe
primaryinterestofthebusinessmanwhomarketsequip
mentorchemicalsistopovideaproductneededbythe
publicthatwillbringaboutfinancialimprovementofhis
company Iftheseweretheonlyinterestsinvolvedit
wouldthenbeeasytoconcludethatcommercialinterests
mayhaveanundueinfluenceonthechoiceofmosquito
controlmethodsAlsoinsuchasituationaparticularly
heavyburdenwouldbeplacedontheabatementdistrict
managertokeeptheclaimsmadeforvariousproductsin
theirproperperspective

Fortunatelyforthemanagermanyotherpartiesarecon

15544AirTerminalDriveFresnoCalifornia93727
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MOSQUITOTOXICANTS ALOOKAHEAD

WmMRogoff
EntomologyResearchDivisionUSDAFresno1

vaetrapsaretheshepherdspurseCapsellabursapastoris
andtheshortpoddedmustardBrassicageniculataThere
areapproximately5millionseedsoftheshepherdspurse
perpoundeachseedbeingonly1mminlengthThemax
imumnumberoflarvaeobservedattachedtooneseedhas
been27Thelarvaebecomeattachedbytheiroralbrushes
andstruggleanddieTheseedscanbeheattreatedtodes
troytheviabilityandpreventgerminationthuseliminating
theproblemsassociatedwithdispersingliveweedseeds
Applicationoftheseseedscouldbemadeusinghandap
plicatorspowerblowersorbyairplane

Insummarythereareavarietyofpotentiallyuseful
organismsthatcouldcontributetothebiologicalcontrol
ofmosquitoesifweweretoresearchthemandadaptthem
toourneeds
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cernedwithhisdecisionmakingprocessGovernmentand
universityscientistshaveamultitudeofinterestsinmosqui
tocontrolthatareinvaryingdegreesindependentof
practicalapplicationsontheonehandandofcommercial
interestsontheotherThemanagerthereforehasathis
disposalanarrayofrecommendationsfromFederaland
Stateincludingeducationalinstitutionssourcesinaddi
tiontothedirectinformationhegetsthroughhisownread
ingconsultationandexperience Howeverthereisno

doubtinmymindthatthestrongestinfluenceaffecting
thechoiceofproceduresformosquitocontrolistheper
sonalexperienceofthepeoplethataredirectlyresponsible
Thusitistheapparentefficacyofaprocedureconditional
onitscostthatservesastheprimarybasisfordecidingon
itsuse

WhenIfirstcameincontactwithmosquitocontrolac
tivitiesintheearly40sasaNavyentomologistIfound
greatemphasisonlongtermsourcereduction Thus

drainingimpoundmentsclearingmarginsstraightening
andshapingditchesandinstallationofconcretelined
channelswerehighlyregardedTheuseofparasitesand
predatorswasconsideredanunattainableidealexceptper



hapsforGambusia Shorttermalleviationofmosquito
problemsdependedonafewmaterialssuchaslarvicidal
oilsorParisgreenorpyrethrumasalocalizedadulticide

Theproliferationofinsecticidesthatfollowedthedevel
opmentofDDTprovidedtoolscapableofachievingresults
thatwerepreviouslybeyondreach Indeedthesetools
weresoeffectivethatbythelate40salmosttotaldepen
dencewasbeingplacedonthemThecommercialvalueof
thematerialsinusejustifiedlargeexpenditurestofind
moresuchinsecticidesExpendituresincreasednotonlyin
entomologybutalsoinchemistrytoxicologyphysiology
andmanyotherinterrelateddisciplinesProblemsofinsec
ticideresistancewereandareexasperatingbutduringthe
50sandearly60stheyservedasaddedstimuliforfurther
researchandforthedevelopmentofevengreaternumbers
ofinsecticides

Therateofdevelopmentofnewmaterialshasnowbeen
drasticallyreduced Thecostofdevelopmentisvastly
greaterthanitwas20yearsagoandtheamountofdata
requiredtoestablishefficacysaferesiduetolerancechar
acterizationofbreakdownproductsandsafetytoman
domesticanimalsandwildlifeissogreatthatadecisionby
industrytodevelopaproductmustbecarefullyweighed
Howeveruntilrecentlythepotentialforprofitablereturn
oninvestmentwasprimarilyamatterofthenormalrisks
ofcompetitionThatisgiventheanticipatedcostofde
velopmentthequestionwaswhethertheexpectedmarket
wouldbepreemptedbyasuperiororcheapercompetitive
productNaturallyasregistrationrequirementshavebe
comemorestringentadditionalriskshavebeenintroduced
Moreoverquestionsofpossiblelongrangelowleveltox
icityareparticularlyvexingbecausetheycanoftenonlybe
answeredifatalllateinthecourseofdevelopmentofa
productIndeedamaterialmayseemtobewellwithin
safetytolerancesandhencegobeyondlabelapprovalto
plantconstructionandmarketingbeforeacriticalhazard
isidentifiedandconfirmed

Thepotentialhazardsassociatedwiththeuseofchemical
insecticideshavealwaysbeenrecognizedbutinmyopin
ionsomeindividualshaveeitherexaggeratedorminimized
theirimportanceHoweverthecurrentinterestinreduc
tionofallenvironmentalpollutionhasproducedsomepub
licoppositiontoalmostanyapplicationofinsecticides
Thisantiinsecticideattitudeaddsonemoreproblemfor
thedeveloperofnewmaterialsTodayinadditiontothe
magnitudeofhisdollarinvestmentproblemsofregistra
tiontheactivitiesofcompetingfirmsandthesizeofthe
potentialmarkethemustalsoconsiderthepossibilityof

Theyear1969provedtobeachallengingbutprogressive
yearfortheFresnoLaboratoryIwilldiscussourresearch
resultsunderseveralcategories

A ControlofPastureMosquitoes
Afterseveralyearsofworkonthisproblemthreethings

1969RESULTSONMOSQUITOCONTROLRESEARCH

CharlesHSchaefer

MosquitoControlResearchLaboratory
UniversityofCaliforniaFresno

publiccondemnationandattendantlegalrestrictions

WhatthenistheoutlookFirstIexpecttoseefurther
legalrestrictionsaswellassocialandeconomicpressure
againstthedevelopmentanduseofinsecticidesFroman
operationalpointofviewcontrolwillbemoredifficult
becauseatleastinitiallywecanexpectincreasedcostsand
evenreducedeffectivenessThiscouldresultinageneral
shakeoutofmarginalmaterialsandthedepartureofmany
manufacturersandformulatorswhoareunwillingtoassume
theincreasedcommercialrisksHoweverthosethatremain

willprobablybenefitfromincreasedpricesandreduced
competition

Secondtheincreasedoperatingcostsandreducedef
fectivenesscausedbythereducedlatitudeinthechoiceof
materialswillprobablyresultinthedevelopmentofalter
nateprocedureschemicalaswellasnonchemicalHow
everenvironmentalupsetscanbeexpectedfromanymajor
disturbingfactorwhetheritbechemicalculturalorbio
logicalThereforetheproperintegrationofavailabletech
niqueswillrequiretheattentionofmanypersonswithdi
versetrainingandinterestsIbelievethatresponsibilityfor
developingthenewprocedureswillbelessthatofindustry
thanofpubliclysupportedresearchAlthoughIanticipate
thatnonchemicalprocedureswillbeheavilyemphasized
comparedwiththepastfewdecadesgoodsensewilldic
tatethatimprovedchemicalproceduresshouldnotbeover
looked

DuringthenextdecadethereforeIexpecttoseea
majorresearchinputbyecologistsandgeneticistsinaddi
tiontothatofchemistsentomologistsandoperational
personnelIalsoexpectaconsiderabledegreeoffrustra
tion Thenextlevelofsophisticationwillnotbeeasily
reachedandIwillnotbesurprisedtoseesomerelaxation
ofrestrictionstosatisfythedemandsforeffectivecontrol
HoweverifthisrelaxationofrestrictionsoccursIforesee
noreturntothesituationinwhichthechoiceofprocedure
islefttothejudgmentofthosewhoseprimaryobjectiveis
insectcontrolThejudgmentwillbesharedbroadlyaswill
theresponsibilityIdonotmeanthatdecisionswillrest
withprivatepartiesguidedonlybytheirowninterestsor
prejudicesbecausethatwouldbebedlamIdomeanthat
authoritymustandwillbevestedinofficialsrepresenting
ecologicalinterestsaswellaspublichealthcommercialand
operationalinterestsThereforeresponsibilityforsuccess
orfailureinholdingdowncostsorachievingeffectivecon
trolwillalsobebroadlydistributedInthelongrunsucha
developmentwillbehealthyandthepublicwillbebetter
servedasaresult

havebecomeapparent1Thereisnoeasysolutionto
thisproblemWhilemanymanyearshavebeeninvestedin
anattempttofindimprovedmethodsforcontrollingpas
turemosquitoesnodramaticbreakthroughsweremade
andnoneareapparentatpresent2thebiologicalcontrol
approachoffersnosignificantpracticalsolutionsatthe
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presenttimeTherapidlychangingconditionsassociated
withirrigatedpasturescoupledwiththeexceedinglyfast
developmenttimeofpasturemosquitoesdoesnotprovide
favorablecircumstancesfortheestablishmentandmainten
anceofeffectivepredatorpopulations3thecombination
ofchemicalcontrolimprovedwaterandlandmanagement
andthepossibleuseofsoilammendmentsappearstobethe
mostrealisticcourseforthenextfewyearsItisalsopos
siblethatthisapproachwillnotbeadequateundersome
circumstancesandthatonlyapoliticalsolutionwillremain

aChemicalControl Whileinsecticideresistancecon

tinuestobeofmajorsignificancewithrespecttocontrolling
AedesnigromaculisLudlowthesituationisnotaltogether
hopelessInsecticidetestsofsusceptibleandorganophos
phorusresistantstrainsofAnigromaculisatFresnohave
shownthattheresistantstrainshaveahighdegreeofcross
resistancetomostneworganophosphoruscompoundsbut
showlowtolerancetocarbamatesTwonewcarbamates
whichhaveremarkabletoxicityagainstlarvaeandadultsof
bothsusceptibleandorganophosphorusresistantstrains
werediscoveredinourtestingprogramDuetothisfinding
extensivelaboratoryandfieldevaluationswerecarriedout
during1969 ManyofCaliforniasmosquitoabatement
districtsparticipatedinthefieldevaluationsofChevrons
RE11775andREI1776whilethesetestswereexpensive
toconductduetotheactualcostsandtimeinvolvedaswell
assomedisruptionofoperationalprogramstheresults
wereverysignificantRE1776hasbeendroppedfrom
furthertestingbutthecommercialdevelopmentofRE11775
forthechemicalcontrolofmosquitoesisnowalikelypos
sibility

Ourtestsshowedthat01lbperacreofRE11775will
providelarvalcontroloforganophosphorusresistantstrains
ofAnigromaculisandthat005lbperacreisadequate
againstsusceptiblepopulationsRE11775alsogaveexcel
lentcontrolofadultsatthesameratesandlaboratorytests
showthatitisequaltoorslightlybetterthanBaygon
OurstudiesonRE11775willcontinueduring1970and
assumingthatnounforeseenproblemsdevelopwehopeto
obtainthenecessarydatatoallowtheuseofthis newma

terialin1971InsummaryRE11775hasproventobe
effectiveagainstthemostresistantstrainsofAnigromacu
lisinboththeSacramentoandSanJoaquinValleysit
appearstoberelativelysaeandpreliminarycostevalu
ationsarefavorable

Onemajorobstaclewhichwewillencounterwithany
newchemicalfromnowonistheantipesticidemovement
Theemotionaltraumathathasnowsweptthroughthe
populaceisboundtocauseregulatoryagenciestobecome
moreandmorereluctanttomakeapprovalsThisnow
necessitatesthatallofuswhorealizetheimportanceof
chemicalinsecticidesbepreparedtotakeafirmstandwith
regardtotheirimportanceinmosquitocontrol

bWaterandLandManagementandPossibleUseof
SoilAmmendments Anidealwaytoeliminatethebreed
ingofpasturemosquitoeswouldbetouseirrigationtech
niqueswhichwouldnotallowwatertostandalongenough
forthecompletionoflarvaldevelopment Atfirstthis

approachsoundssimplebutnumerousobstaclesreadily
becomeapparentPasturesarefrequentlylocatedonsoils
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whichhavepoorwaterpenetrationcharacteristicsFarmers
attempttoimprovepenetrationbyallowingwatertostand
overtheselandsformanydaysIhaveobservedfieldswhere
thevegetationturnedbrownunlessthispracticewasused
Thustheproblemisnotduetoasimplecaseofoverirriga
tionAllfieldsareheterogenousduetoinexactleveling
numeroussmalldepressionseghoofprintsandthefre
quentpresenceoflowareascausedbyborderconstruction
Someofthesecanbelargelyreducedbyusinggoodtech
niquesoflandpreparationandmanagementegusing
properborderconstructionandnotallowingcattleonwet
fieldsHoweveronewillneverbeabletoobtainperfect
conditionsandslowwaterpenetrationindepressionswill
stillallowsignificantmosquitobreedingEvenadrainage
returnsystemwhichcangreatlyreducethelengthoftime
whichwaterstandsonthelowendofafieldisnotade
quatetosolvethemosquitobreedingproblemonmany
fieldsIfonecouldincreasewaterpenetrationwhilealso
utilizinggoodmethodsofwaterandlandmanagementthe
entiresituationcouldbegreatlyimprovedthiswouldallow
improvementoflandproductivitywhilealsoreducingmos
quitobreeding Buttheobviousquestionremainsisit
economicThemonetaryreturnfrompastureslocatedon
poorsoilsislowbutthecostofmosquitocontrolinsome
areasisapproachingifnotalreadyexceedingthefarmers
netreturn

Afterconsultationwithsoilexpertstheuseofgypsum
appearedtobethebesttechniquepresentlyavailabletoim
provewaterpenetrationonthealkalinepasturesoftheSan
JoaquinValleyPresentlygypsumcostsabout5perton
appliedandfiveormoretonsperacreareusuallyneces
saryHoweverthesecostscouldbereducedsubstantially
byworkingthroughalandreclamationprogramThebasic
questionthenbecomesiftherequiredamountofgypsum
asdeterminedbysoilanalysisisappliedtoproblempas
tureswilltheeffectbesufficienttosubstantiallyreduce
oreliminatethedevelopmentofpasturemosquitoesIn
ordertoevaluatetheefficacyofusinggypsumforthispur
poseamajorstudywasinitiatedduring1969Incooper
ationwiththeTulareMosquitoAbatementDistrictValley
NitrogenProducersIncFryAviationIndustriesandtwo
farmerswearestudyingthisproblemontwopastures
thesefieldsarelocatedonpooralkalinesoiltypesinwest
ernTulareCountyandarerepresentativeofthemostdif
ficultmosquitocontrolproblemsTheamountofgypsum
requiredoneachcheckofthesefieldswasdeterminedby
chemicalanalysesGypsumwasappliedatratesequalto
thetotalonehalforonethirdoftherequiredamountas
indicatedbychemicalanalysessomecheckswerenottreat
edThefieldswerethenrippedtoadepthof1214inches
diskedandwereseededwithcoastalbermudaAtotalof
260tonsofgypsumwasappliedtotheseplotswhichin
cluded28checkshavingacombinedareaof40acresSoil
samplesweretakenfromthreelocationsoneachcheckafter

thegypsumapplicationsandattheendofthe1969growing
seasonThesecheckswillberesampledatthebeginningand
endofthe1970and1971seasonsaswellAllofthesoil
samplesarebeingquantitativelyanalyzedforCa Na

Mg ClpHandconductivitymeasurementsarealsobeing
made Thesedatainadditiontoobservationsonthe
lengthsoftimeofstandingwaterandmosquitoproduction



willhopefullyprovidesomeanswerstothequestionsdis
cussedaboveItwilltakeaminimumofseveralyearsto
obtainthenecessaryinformationduetotheslowratewith
whichgypsumisexpectedtomovedownwardinsuchsoils

B BiologyofPastureMosquitoes
FurtherstudiesonthebiologyofAedesmelanimonDyar

whichhelptoexplainthefalldispersalofthisspecieshave
beenconductedbyDrMiuraInthefalltheextentof
nocturnalflightincreasesgreatlyandthebimodalpeaksof
flightactivityattwilightperiodswhicharecharacteristic
inthespringandsummerarereducedInthefallamuch
greaternumberofadultscanbecollectedwithunlighted
unbaitedtrapswhichindicatesanonspecificflightbe
haviorWindsof5mphormoreseemtoinhibitflight

DrMiurahasalsocompletedanevaluationofmassrear
ingAnigromaculisbyinducedmatingmethodsWithex
perienceanaveragepersonisabletoinseminate1520fe
malesperhourtheaverageeggproductionwas46eggsper
femalerange1589and60ofthetotaleggsobtained
wereviable

C ResearchonCulexSpecies

Duringthefallof1969significantinsecticideresistance
wasencounteredwithnumerouspopulationsofCulextar
salisCoqinthelowerSanJoaquinValleyLaboratory
coloniesoffiveresistantpopulationswereestablishedat
Fresnoandthelevelsofresistanceincomparisontoasus
ceptiblestrainweredeterminedforDursbanfenthionand
RE11775Table1itisapparentthatRE11775offersreal
promiseagainsttheorganophosphorusresistantstrains

RE11775hasalsoshowntobeveryeffectiveagainst
fieldpopulationsoffenthionresistantCulexpipiensquin
quefasciatusSaylarvaeatdosesaslowas0025lbacre
appliedbyjeeps Thusthisnewcarbamateoffersreal
promiseagainstorganophosphorusresistantstrainsofCulex
speciesaswellasforAnigromaculis

aStabilityofDursbaninPollutedWater Sincethe

useofDursbanforcontrollingmosquitoesinpollutedwa
tersourceshasbecomecommoninCaliforniaastudywas
madetodeterminefactorsaffectingitsstabilityinthese
habitatsWhenDursbanisappliedtotheinletofapolluted
waterbodyitrapidlybecomeswidelydistributedWithin
afewdaysmostoftheinsecticidedepositsonorganicsolids
butagitationcausessomeredistributionbackintothewater
phaseIntheabsenceoforganicmatterDursbanhaslim

1ThisresearchwassupportedinpartbyResearchGrantAl03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesand
byGeneralResearchSupportGrantIS01FR05441fromthe

NationalInstitutesofHealthUSDepartmentofHealthEducation
andWelfare

2SupportedbyUnitedStatesPublicHealthResearchCareerDe
velopmentAward1K3AJ25427

HOSTPREFERENCESOFMOSQUITOES

CHTempelis
UniversityofCaliforniaSchoolofPublicHealth

Berkeley

Table1ResistanceratioofresistantstrainsofCulextar

salislarvaeLC50RstrainLC50Sstrain
StrainandLocation RE11775 Dursban fenthion

Jessup KernCounty 17

James KernCounty 15

Pintail KernCounty 13

Caruthers

FresnoCounty 15

Melga KingsCounty 15

36 13

22 8

44 12

14 7

9 5

itedhydrolyticstabilitywhichistemperaturedependent
Thesequalitiesallowfortheuseofthisinsecticideinpol
lutedwatersforeffectiveandratherlongtermcontrolof
mosquitolarvaeAlsothehighorganiccontentofpolluted
waterbedsactsasafiltertoremovetheinsecticidefrom

thewaterthiscoupledwiththelimitedhydrolyticstabil
ityofthecompoundgivesstrongindicationsthatinsecti
cidepollutionofsubsurfacewaterswillnotresultparticu
larlyinviewofthelowdosesthatareinitiallyapplied
WhilesuchtreatmentswithDursbanprovidemanyweeksof
residualcontrolofCulexlarvaewehavefoundlowdensi

tiesoforganophosphorusresistantCtarsalislarvaeandpu
paedevelopingintwoDursbantreatedpondsbioassayof
waterorganicmattersamplesfromthesesourceswithsus
ceptibleCulexlarvaeindicatedthatthetreatmentsshould
stillhavebeeneffectiveThetotalnumbersoforganophos
phorusresistantCtarsalisbreedinginthesesourceswere
notlargeenoughtobeacontrolproblembuttheyprovide
seedwhichwillallowthesubsequentspreadoftheresis
tantstrainItappearsthatitwouldbewisetoeliminate
suchorganophosphorusresistantpopulationswheneverthey
arefoundwithadifferenttypeofcontrolagentegoil
Thusinsecticideresistanceappearstobethemainproblem
whichwilllimittheprolongeduseofDursbanformosquito
controlinpollutedwatersourcesoftheSanJoaquinValley

bOverwinteringBiologyofCtarsalis Studiesonthe

overwinteringbiologyofCtarsalisadultsarecontinuing
Thusfarwehavedeterminedthequantityandidentityof
lipidcomponentswhichadultssynthesizeandthenutilize
duringtheoverwinteringperiodOurpresentinvestigations
dealwithidentificationoftheprecursorswhichadultsuse
forthesynthesisoftheselipidsDetailsofthisstudywill
bepresentedattheCMCAEntomologySeminarinApril
1970

Modificationsinthebasicprecipitintechniquesusedin
theidentificationofmosquitobloodmealsandtheproduc
tionofantiserainchickenshaveenabledustobroadenthe

testingrangeforbloodmealidentificationTodatewe
havetestedover60000mosquitoesrepresentingover40
species ThesemosquitoeshavebeencollectedinNorth
AmericaHawaiiandPanamaandonespeciesUranotaenia
lateralisLudlowinMalaya
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Table1Examplesofninebasicmosquitohostpreferences
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Ninebasicfeedingpatternsofpossibleepidemiologic
significancehavebeenobservedinourstudiesThesebasic
patternsFigure1representamosquitoesthatfedalmost
exculsivelyonmammalsegCulisetainornataWilliston
AedesvexansMeigenandAnophelesfreeborniAitken
Tempelisetal1967WashinoandTempelis1967b
mosquitoesthatfedalmostexclusivelyonbirdsegCuli
setamelanuraCoqCulexpeusSpeiserandCulexthriam
busDyarJosephandBickley1969TempelisandWashino
1967TempelisandReeves1964cmosquitoesthatfed
readilyonbothbirdsandmammalsegCulexpipiens
quinquefasciatusSayTempelisetal1970dmosqui
toesthatfedalmostexclusivelyonreptilesegDeino
ceritesdyariBelkinandHogueTempelisandGalindo
1970emosquitoesthatfedalmostexclusivelyonam
phibiansegCulexterritansWalkerCrans1965unpub
lishedresultsfmosquitoesthatfedexclusivelyonfish
egUinternisunpublishedresultsgmosquitoesthat
fedonbothwarmandcoldbloodedanimalsegDeino
ceritesepitedeusKnabTempelisandGalindo1970h
mosquitoesthatdemonstratedaseasonalshiftinfeeding
patternfrompredominanceoffeedingonbirdsinthespring
andearlysummertofeedingonsignificantnumbersof
mammalsinthemidandlatesummeregCulextarsalis
CoqandCulexnigripalpusTheobaldTempelisetal1965
EdmanandTaylor1968iandmosquitoesthatfedin
onegeographicareaalmostexclusivelyonmammalsin
anotherareaonbirdsegCulexerythrothoraxDyarun
publishedresults
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Mosquitoesthatfeedalmostexclusivelyonbirdscould
betheprimaryenzooticvectorsofarbovirusesforwhich
birdsserveastheprimaryhostegStLouisencephalitis
SLEeasternequineencephalitisEEEandwestern
equineencephalitisWEE Cmelanuraistheprimary
vectorofWEEandEEEintheeasternUnitedStatesHayes
etal1961Hayesetal1962Thismosquitosalmost
exclusivepreferenceforbirdsserveswellforthemainte
nanceofEEEandWEEinthesehostsbuttransmissionof
virustomanandhorsewouldrequireasecondvector
species

Mosquitoesthatfeedalmostexclusivelyonmammals
couldbetheprimaryenzooticandepidemicvectorsofar
bovirusesforwhichmammalsserveastheprimaryhost
egPowassanandCaliforniavirusesAttemptshavebeen
madetoassociateCinornatawiththetransmissionofWEE

AlthoughisolationsofWEEvirushavebeenmadefromthis
mosquitothereislittlepossibilitythatthismosquitoisin
volvedinthebasictransmissioncycleofWEEvirusbecause
ofitsalmostexclusivepreferenceformammals

HostpreferencepatternsofCquinquefasciatuscollected
inHawaiiandFloridacouldleadtotheinterchangeofviral
agentsfrombirdstomammalsbecauseoftheabilityofthis
vectortofeedreadilyonbothofthesegroupsofanimals
Tempelisetal1970unpublishedresults

Therehasbeenconsiderableinterestinthepossiblerole
ofcoldbloodedanimalsasreservoirsforarbovirusesGeb
hardtetal1964Thomasetal1958Foramosquitoto



beaprimaryvectorofavirusfromacoldbloodedanimal
itmustfeedreadilyonbothcoldandwarmbloodedani
mals NoNorthAmericanmosquitoeshavebeenfound
withthistypeoffeedingpatternCterritanshasbeen
showntofeedreadilyonamphibiansbutthisfeedingpat
ternwouldnotlenditselftotransmissionofavirusfrom

coldtowarmbloodedanimalsAnidealfeedingpattern
forthistypeoftransmissionwasexhibitedbyDeinocerites
epitedeusmosquitoescollectedinPanamaThismosquito
fedreadilyonseveraldifferentanimalsubgroupswithin
eachvertebrateclassTempelisandGalindo1970Onthe
basisofitsfeedingpatternDepitedeuscouldserveasan
efficientvectorforawiderangeofvirusesfrombasiccycles
toaberranthosts

Anexampleofpossiblegeographicfactorsinfluencing
feedingpreferencesisthedatawehaveforCerythrothorax
InKernCountyCaliforniathismosquitofedalmostex
clusivelyonmammalswhileintheGreatSaltLakeareaof
Utahthismosquitofedonbirdsunpublishedresults
Mammalsandbirdswerereadilyavailableinbothareasso
hostavailabilityprobablywasnotafactorOurdatafor
allothermosquitospeciesthatwetestedindicatedthatif
therewasanalmostexclusivepreferenceforeitherbirdsor
mammalsthiswasabasiccharacteristicregardlessofarea
testedItispossiblethatthesedifferentfeedingpatterns

Table2ThemonthlypercentageofCulextarsalisthatfedonmammalsinKernCountyCaliforniaWeldCountyColorado
SaltLakeCountyUtahandHaleCountyTexas

70 HALECOUNTYTEXAS 19641966

SALTLAKECOUNTYUTAH 1966

WELD COUNTYCOLORADO 1964

KERNCOUNTY CALIFORNIA

19601962
60

50

W

W

40

30

20

10

JAN FEB

O O

p
I I

4vo
1

O

i
I1
I 0

d
o

0

MAR APRIL MAY JUNE JULY

observedforCerythrothoraxindicatesthepossiblepres
enceoftwodistinctsubspeciesorspeciesofmosquito

SeasonalChangesinFeedingPatterns

ThefeedingpatterndemonstratedbyCtarsaliswasthe
mostinterestingofallThismosquitonotonlydemon
stratedaversatilityinfeedingrangebutalsoachange
initsfeedingpreferencefrombirdsinthespringandearly
summertoasignificantfeedingrateonmammalsinthe
midandlatesummerFigure2Studiesofthisspecies
inwidelyseparatedgeographicareasdemonstratedthat
thesamebasicpatternexistedinalloftheareasstudied
SimilardatahavebeenreportedbyEdmanandTaylor
1968onCnigripalpuswhichwasthoughttobethe
primaryvectorofSLEinFloridaduringtheearlyyears
ofthelastdecade

Theonlyassociationthatcanbecorrelatedwiththis
shiftinfeedingpreferenceswasthecoincidentalincrease
inCtarsalispopulationsTheincreasednumbersofmos
quitoesmayresultinadivergenceofCtarsalisfromthis
preferredavianhosttosecondarymammalianhosts

MultipleFeedings
Inallareaswherewehavestudiedthefeedingpreferences

ofmosquitoestherehavebeenonlytwoexceptionstothe
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lowfrequencylessthan01 ofmultiplehostsourceina
singlebloodmealInHawaiiabout10ofCquinquefas
ciatusTempelisetal1970andinTexasabout10of
Ctarsalishadtakenmultiplefeedingsunpublishedresults
Thesepercentagesrepresenttheminimumnumberofmul
tiplefeedingsastwoormonofeedingstakenfromthesame
orcloselyrelatedspecieswouldnotbedetectablebyour
precipitinmethod

Conclusion

Ibelievethatthecapillaryprecipitintechniqueusing
antiseraprincipallyproducedinchickenshasprovidedval
uableinformationregardingthefeedingpreferencesofmos
quitoes Wehaveestablishedthatthereareninebasic

feedingpatternsandthatwithinmostbasicfeedingpat
ternsthereissomevariabilitybecauseofhostavailability
andgeographiclocationSeasonalchangesinfeedingpat
ternshavebeenobservedinCtarsalisandCnigripalpus
Bothofthesemosquitoesareimportantinthetransmission
ofarbovirusesthathavetheirbasiccycleinbirdsandan
aberrantcycleinmananddomesticmammalsFurther
studiesmayindicatethatsimilarfeedingpatternsmaybe
foundinothermosquitoeswithsimilarvectorpotential

Multiplefeedingsdonotappeartobeacommonphe
nomenonamongmosquitoes
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THEAPPLICATIONOFINTEGRATEDCONTROLPRINCIPLESTOMOSQUITOCONTROLPROBLEMS

offandCHSchaeferinthissymposiumIntegratedcon
trolisbasedonthemanipulationofpestpopulationstaking
fulladvantageofnaturaloccurringmortalityHoweverat
presenttimewedonotknowwhatamosquitopopulation
is thatiswecannotdefineandmeasuremosquitopopu
lationsfromthestandpointoftheirpopulationdynamics
Furthermoreweknowalmostnothingaboutnaturallyoc
curringmortalityinmosquitopopulationsLetmeelabor
ate

ThefirstsessionoftheFoodandAgricultureOrganiza
tionoftheUnitedNationsFAOPanelofExpertsonIn
tegratedPestControlin1967FAO1968definedinte
gratedcontrolasapestmanagementsystemthatinthe



contextoftheassociatedenvironmentandthepopulation
dynamicsofthepestspeciesutilizesallsuitabletechniques
andmethodsinascompatibleamanneraspossibleand
maintainsthepestpopulationsatlevelsbelowthosecausing
economicinjury Itisnotsimplythejuxtapositionor
superimpositionoftwocontroltechniquessuchaschemical
andbiologicalcontrolsbuttheintegrationofallsuitable
managementtechniqueswiththenaturalregulatingand
limitingelementsoftheenvironmentThisisaverywordy
statementbutitwascarefullypreparedanditincorporates
thebasicprinciplesofintegratedcontrolIfthisstatement
isnotclearletmeuseecologicaltermsandtranslatethis
longinvolvedstatementbythefollowingIntegratedcon
trolistheapplicationoftheprinciplesofpopulationecol
ogytowardthegoalsofpestpopulationmanagement

ThissamefirstsessionoftheFAOpanelofexpertsalso
saidintegratedcontrolderivesitsuniquenessofapproach
fromitsemphasisonthefullestpracticalutilizationofthe
existingmortalityandsuppressivefactorsintheagro
ecosystemNowletusexaminethissubjectinmoredetail
DoweknowwhatamosquitopopulationisImaintain
thatwedonotFurthermoreuntilwedoknowwecannot

intelligentlydiscussanalyzeandplanforthemanagement
ofmosquitopopulationsWedonotknowtherealpopu
lationpararnetersforanystageofanymosquitoCounts
madefromlighttrapcollectionsatrestingstationswith
dippersetcdonotdefinetherealpopulationSouthwood
1966Atbesttheymaybefairlygoodindicesofthepop
ulationnumbersButtheydonottellustherealorabso
lutesizeofthepopulationFurthermoremostoftenthey
telluslittleifanythingabouttheactivityofthepopula
tionorfuturechangesinthepopulation

Inafewplacessomedeterminedeffortshavebeenmade
todetermineabsolutemosquitopopulationlevelsofboth
larvaeandadults particularlythroughmarkandrecapture
techniquesTheresultshavenotbeentoosuccessfulThe
taskisnoteasyTheunevendispersionofadultsandlarvae
intheenvironmenttheunusualmovementshitherandyon
ofbothwithintheirhabitatstheunevenincrementstothe

populationsandotherstrangehabitsofmosquitoesmake
thedeterminationofpopulationsizeverydifficultNever
thelesssolidinformationonthispointisneededifweare
tounderstandmosquitoesandmovetowardintegratedcon
trol

Oneofthereasonswemustunderstandmosquitopopu
lationsbetteristoestablisheconomiclevelsAgricultural
entomologistsusethetermeconomiclevelbutperhaps
forpestmosquitoesitwouldbebesttosaytolerancelevel
Wemusthavesomereasonableleveloftoleranceformos

quitopopulationsIfwesaytheleveliszerothentoget
satisfactorycontrolwemustalwaysseekcompleteelimin
ationoreradicationofthemosquitoesFromtheviewpoint
ofmostecologiststhisisusuallyanimpossiblegoalandthe
practitionerofmosquitocontrolisfindingthisouttoo
Butsomemosquitocontrolspecialistssayyoucannothave
tolerancelevelsformosquitoeswhicharevectorsofhuman
diseasepathogensIquestionveryseriouslyifthisiscor
rectInsomesituationswhenpopulationsofmosquitoes
droptolowlevelsthepathogenceasestomovefromhost
tohostandmayevendieoutinthereservoirhostIn

otherwordsathresholdlevelofthepopulationispassed
andthetransmissioncycleisnotmaintainedReeveshas
presentedevidencethatathresholdlevelofCulextarsalis
isnecessarytomaintaintransmissioncyclesofwestern
equineencephalitisandStLouisencephalitisandalsothat
clinicalcasesinmanandhorsesvirtuallydisappearedwhen
lighttrapcatchesdroppedto10Culexfemalesorlessper
nightReeves19681969

Pestmosquitoesinurbanareasareadifferentmatter
Butevenforpestmosquitoestherearecertainlysometoler
ablelevelsespeciallyifoneconsiderstheeconomicsofthe
situationIamsurethatyouwillagreethatonemosquito
bitingacharmingbutinfluentialsuburbanhousewifecan
createanintolerablesituationinamosquitoabatement
districtofficeHoweverthisisnotcausetofoganentire
citywithapesticideAlsowemustrememberinevalu
atingthetolerablelevelofamosquitopopulationnotall
individualsinthepopulationareinvolvedinbitingsuburban
housewivesorinvectoringdiseasepathogens

Howcanweutilizenaturalmortalityinmosquitocon
trolFirstwemustknowsomethingofwhatnaturalmor
talityisManylonglistshavebeenpublishedofthenatu
ralenemiesofmosquitoesandotherarthropodsofmedical
importanceTheselistsarebutafirststepintheevaluation
ofmortalityUnfortunatelytheyareoflittleusetousin
evaluatingtheprecisenatureandvalueofnaturalmortality
Mostoftheparasitespredatorsandpathogensgivenin
theselistscontributelittleofsignificancetothetotalmor
talityInmostcaseswedonotknowanyofthedetailsof
theirimpactWehaveonlythefactofanassociationbut
needinformationnotonlythataparticularparasitekills
mosquitolarvaebutalsosuchinformationaswhatnumbers
itcankillindifferenthabitatsandwithvariabledensitiesof

mosquitolarvaeThiskindofinformationishardtode
velopbutitmustbeacquiredifwearetounderstandand
utilizenaturalenemieseffectively

Inrecentyearstherehavebeensomeveryinteresting
studiesofadultmosquitopopulationsThesehaveinvolved
markandrecapturetechniquesandagecompositionevalu
ationsTheyshowconsiderablepromisebuttheresultsare
unevenandvariableThisapproachhasprovidedroughes
timatesoflossesfromthevariouscategoriesinthepopu
lationHowevertheselossesarenotnecessarilymortal
ityasemigrationmayalsobeinvolvedWhatisneededis
refinementofthesestudiestorevealthecausesofthelosses

Therearesuggestionsthatmuchoftheprematuremortal
ityofbothlarvaeandadultsresultsfromphysicalchanges
inthehabitategdesiccationInanycasethereareoften
manygoodmosquitosituationsieapparentlyidealfor
mosquitoproductionthatdonotproduceadultmosqui
toesWeneedtoknowwhy

Itwouldbeveryusefultoknowwhatwastheultimate
fateofeachindividualinapopulationofsay10000mos
quitoeggsAsofnowwedonothavetheprocedurestodo
thisbutthesuggestionsarecomingfromlifetablestudies
ofinsectsofimportancetoforestryandagricultureIam
notsuggestingthatmosquitoabatementdistrictsmakesuch
lifetablestudiesaspartoftheiroperationandplanningfor
mosquitocontrolRatherthisisadifficultandsophisti
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catedresearchareathatcouldproduceinformationtobe
usedinmoreefficientmosquitocontrolofthefuture

IntegrationofBiologicalaChemicalControl Much

ofthediscussionaboutintegratedcontroltodayrevolvesa
roundtheintegrationofchemicalandbiologicalcontrol
Thisisbecausethesetwotechniquesareourmosteffective
toolsinthefightagainstinsectpestsHoweverthisdis
cussionusuallyinvolvesagriculturalsituationswherethe
significanceofintroducedbologicalcontrolornaturally
occurringbiologicalcontroliswellestablishedInmosquito
breedinghabitatstheimportanceandusefulnessofbio
logicalcontrolisjustnowbecomingclearlyestablished
witnessseveralpapersatthisAnnualConferencebyWash
inoReevesLegnerBayGarciaamongothers

Fromhereonoutwemustgiveincreasingattentionto
theimpactofchemicalsusedinmosquitocontrolonbene
ficialformsinthetreatedhabitatThisappliesparticularly
toarthropodandfishpredatorsofmosquitoesLastMay
Mulla1970discussedinconsiderabledetailtheimpactof
pesticidesformosquitocontrolonthesenontargetorgan
isms

Resistance Allassociatedwithmosquitocontrolare
awareoftheproblemposedbymosquitoresistancetopest
icidechemicalsandtheratherclearindicationthatthe
worstisyettocomeThismaybethefactorthatfinally
notonlyconditionsustoacceptintegratedcontrolbut
forcesusintoitThedevelopmentofresistancetoapest
icideiscomplexanddependsonmanyfactorsHowevera
mostcriticalfactorishowthepesticideisusedandhow
muchpesticideisusedInotherwordshowmuchselection
pressureisputonthemosquitopopulationInaninte
gratedcontrolsystemthereislessriskofthedevelopment
ofresistanceoritwilldevelopmoreslowlythanwhere
thereisasevereselectionpressureunderheavypesticideuse
Thisistheresultofaloweredselectionpressureinthein
tegratedcontrolsystembecausepesticidesarenolongerre
sponsibleforvirtuallyallofthemortalityUnderintegrated
controlthepesticideusageisdirectedagainstonlyrelatively
smallportionsofthepopulaticnscatteredintimeandspace
Thisminimizesselectionpressureforresistancetopesti
cidesIntheintervalsbetweenpesticidetreatmentsdiffer
entkindsofselectivepressuresfromothercontrolproce
duresandfromotherelementsoftheenvironmentwill
modifythelargeremainingpopulationandmayreduce
trendstowardresistanceTheuseofnarrowspectrumma
terialsenhancesthispatternandalsoavoidsthedevelop
mentofresistanceinotherpestspeciesassociatedwiththe
targetspecies

ConsidertheEcosystemInintegratedcontrolsystems
thecompleteenvironment thecomplexoforganisms
pestsandnonpestsbeneficialandindifferentspeciesetc
manandhiscultivatedcropsandtheconditioningphysical
environment areconsideredtogetherasaunitConsider
ationoftheecosystemistieunderlyingphilosophical
approachtointegratedcontrol

Therehavebeenexampleswheretheagriculturaluseof
pesticidesappliedwithoutconsiderationofthetotaleco
systemhashadanunfavorableimpactonmosquitocontrol
Oneexampleisthewidescaleandheavyuseofinsecticides
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forpestsofcottonandothercropsinCentralAmerica
Apparentlyonesideeffectofthisusagehasbeenthede
velopmentofresistancetoDDTinanophelinemosquitoes
andthisresistancehasgreatlyweakenedtheeffectiveness
ofthePanAmericanHealthOrganizationmalariaeradica
tionprogramThecauseandeffectrelationshiphereisnot
aswelldocumentedasonewouldlikebuttheavailable
evidenceseemsverystrong

OntheotherhandourCaliforniamosquitoabatement
districtshaveoftenbeeninvolvedincontrolactivitiesthat

havehadundesirableeffectsinotherpartsoftheagro
ecosysteminwhichtheywereoperatingInthelateforties
andearlyfiftiesaconsiderableportionoftheDDTthatwe
werefindingincowsmilkhaditsorigininDDTtreatments
bytheMADs

Morerecentlyaninterestingsituationhasdevelopedat
thesouthendofLakeTahoeDahlstenetal1969Resi
dentialareaswerefoggedwithmalathionforseveralmonths
inthesummertoeliminateorreducethepestiferousmoun
tain edesandothermosquitoesThishasapparentlyre
sultedinsevereoutbreaksoftwopinescalesformerlyrather
rareThesearethepineneedlescalePhenacaspispinifoliae
andtheblackpineleafscaleNuculaspiscalifornicaThe
infestationsareverysevereandsomebrancheshavebeen
killedhoweverthefullimplicationoftheoutbreakisyet
tobedeterminedWhatthenisthetolerancelevelofa

Tahoeresidentforamosquitopopulationifheknowsthat
theavailablemosquitocontrolmeasurewillresultinthe
deathofpinetrees

Inconclusion1say1dontthinkwearereadyforin
tegratedcontrolbutwehadbetterstartgearingup
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ARBOVIRUSESKNOWNTOOCCURINCALIFORNIAANDTHEIRRELATIONSHIPTO
DIFFERENTVECTORSANDVERTEBRATEHOSTS

JamesLHardyPhD
UniversityofCaliforniaSchoolofPublicHealth

Berkeley

Inmostcaseswhereadequatestudieshavebeendone
arboviruseshavebeenfoundtobevirusesofwildlifethat
aretransmittedbyhematophagousarthropodsincluding
mosquitoestickssandfliesandbitingmidgesThesevi
rusesusuallyproduceaninapparentinfectionintheirwild
lifehostsTheirimportancetopublichealthisthefact
thattheycananddoproducediseaseinaberranthostssuch
asmanandhisdomesticmammalsthataccidentlybecome
involvedinthetransmissioncycleTangentialtransmission
ofvirustomancanoccurwhenheentersanareawherethe
viraltransmissioncycleisnormallymaintainedorwhenhe
createsenvironmentsthatsupportoraugmentthevectors
andwildlifehostsofthevirusThislatterpointisbestex
emplifiedbytheCentralValleyofCaliforniawheremanhas
transformedadesertintorichagriculturallandsandinso
doinghasgreatlyenhancedhisexposuretothemosquito
borneviralencephalitidesReevesandHammon1962

Informationonarbovirusesthatareknowntooccurin

Californiaandonthearboviralresearchprogramsthatare
beingconductedbytheUniversityofCaliforniaatBerkeley
wassummarizedbeforethisgroupbyDrWCReevesin
1964and1965Reeves1964Reeves1965Thepurpose
ofthispaperistoupdateourinformationonarbovirusesof
Californiaandtobrieflypresentwhatwehavelearnedin
thelast5yearsaboutthevectorwildlifehostrelationships
ofarbovirusesinKernCounty

ArbovirusesinCaliforniaand

TheirAssociationwithDisease

Atpresent204arboviruseshavebeenregisteredinthe
CatalogueofArthropodborneVirusesoftheWorld
Taylor1967Fifteenofthesevirusesareknowntooccur
inCaliforniasixofwhicharetransmittedbymosquitoes
fourbybitingmidgesandtwobyticksTable1Modoc
RioBravoandKernCanyonviruseshavenotbeenisolated
fromarthropodsbutareclassifiedasarbovirusesbecause
theyaresimilarinantigenicorbiologicpropertiestoproven
arbovirusesWHO1967

Sixofthe15virusesinCaliforniacausediseaseinman

Humaninfectionsofwesternequineencephalomyelitis
WEEStLouisencephalitisSLEandCaliforniaen
cephalitisCEhavebeenwelldocumentedReevesand
Hammon1962Therehasbeenoneconfirmedbutnot
reportedcaseofasepticmeningitisinachildduetoin
fectionwithModocvirusDrWCReevespersonalcom
municationPowassanvirushasnotbeenshowntoinfect
maninCaliforniaunpublisheddataandallknownhuman
infectionswithRioBravovirushaveresultedfromaccident

ThisresearchwassupportedinpartbyResearchGrantAl03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesand
GeneralResearchSupportGrantISOIFR05441fromtheNational
InstituteofHealthUSDepartmentofHealthEducationandWel
fare

a1infectionsinthelaboratorySulkinetal1962

WEEinhorsesandbluetonguediseaseinsheephavebeen
confirmedonnumerousoccasionsReevesandHammon
1962McGowanandMcKercher1954Recentlyourlab
oratoryhasbeentestingserafromundiagnosedcasesof
equineencephalomyelitisforhemagglutinationinhabiting
HIantibodiestoarbovirusesotherthanWEEvirusThese
serawerekindlysuppliedbyDrRWEmmonsandDrE
HLennetteoftheCaliforniaStateDepartmentofPublic
HealthDiagnosticrisesinantibodytitershavebeendemon
stratedinseveralhorsestoSLEMainDrainorTurlock
virusItisunknownwhetherthesevirusesactuallycaused
thediseaseHoweveraserologicsurveyconductedinCal
iforniaduring1968indicatedthathorseswerefrequently
infectedwiththesevirusesunpublisheddata

WEEvirushasalsobeenisolatedfromthebrainsofsick

ordeadtreeandgroundsquirrelssenttotheCalifornia
StateDepartmentofPublicHealthforrabiestestsLennette
etal1956 Itremainstobedeterminedhowever

whetherthisvirusactuallycausesdiseaseintheseanimals
Experimentalinfectionofwildbirdsandmammalshasalso
demonstratedthatWEEviruscanproduceafatalinfection
inseveralspeciesofwildbirdssuchasWhitecrownedSpar
rowsTricoloredBlackbirdsandRedwingedBlackbirds
unpublisheddata
VectorsandWildlifeHostsofArbovirusesinKernCounty

StudiesinKernCountyduringthepastfiveyearshave
beendirectedtowardlearningwhatvectorsandwildlife
hostsareinvolvedinthebasictransmissioncyclesof10of
the13arbovirusesknowntooccurthereReeves1964
Themajorcriteriathathavebeenusedtoestablishthese
vectorwildlifehostrelationshipsare

1Evidenceofnaturalinfectionbyisolationofthevirus
frompoolsofnonengorgedarthropodsandfrom
bloodsororgansofvertebratesbydemonstrationof
highHIantibodyprevalencestoarbovirusesinbirds
andmammalsorbyfrequentimmunologicconver
sionsinrecapturedanimals

2Demonstrationofassociationbetweenvectorsand

wildlifehostsbyhostpreferencestudiesieidenti
ficationofbloodmealsandremovalofectoparasites
fromhosts

3Demonstrationoftemporalrelationshipsbetween
peakperiodsofviralactivityandpeakpopulationsof
vectorsandsusceptiblehosts

4Susceptibilityofsuspectedvectorsandhoststoex
perimentalinfection

TheresultsofthesestudiesaresummarizedinTable2

VirusesTransmittedbyMosquitoes
ThereisnoquestionthatCulextarsalisCoqistheprim

aryvectorandthatwildbirdsaretheprimaryamplifying
hostsofWEEandSLEvirusesduringthesummerencephal
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Table1SummaryofarbovirusesknowntooccurinCaliforniaJanuary1970

Tick

32

B

Virus

Vector Serogroup Name

Mosquito A WEE

SLE Ctarsalisothermosquitoes

California CE 4melanimonandCtarsalis

JerrySlough
Turlock Turlock

Ungrouped HartPark

B Fowassan

BitingmidgeBunyamweraLokern

MainDrain
Simbu Buttonwillow

Ungrouped Bluetongue
Unknown B Modoc

Sourceofviralisolations

inCalifornia

Ctarsalisothermosquitoes
mitesbirdsrodentsan
opossumhorsesandman

mitesbirdsagrayfoxandman

Cinornata

Ctarsalisothermosquitoes
HornfliesandHousefinches

Ctarsalisandbirds
Skunk

Ungrouped CTF DandersoniDvariabilis
rodentsandman

CvariipennisCtarsalis
andleporids
Cvariipennisandleporids
Cvariipennisandleporids
Sheep
Deermice

RioBravoBats

Ungrouped KernCanyonBats

1

Demonstratedonlybydiagnosticrisesinantibodytiters
2NotknowntobeassociatedwithhumandiseaseinCalifornia
itisseasoninCaliforniaReevesandHammon1962The
questionthatstillremainsunansweredishowtheseviruses
aswellasothermosquitobornevirusesoverwinterina
temperateclimateReeves1961

Duringthepastfiveyearwehaveaddedlittlenewdata
thatwouldresolvethisquestionforWEEvirusNoWEE
virushasbeenisolatedfromnumerouspoolsofticksand
fleascollectedoffwildmammalsSerologicsurveysofwild
birdsandmammalsdemonstratedthatahighproportionof
residentbirdsprimarilyHouseFinchesandHouseSparrows
wereinfectedwhereasrodentswererarelyinfectedHow
everrodentsmuststillbeconsideredaspotentialover
winteringhostsbecauseWEEviruswasisolatedfromtwo
rodentscollectedduringthewinterinKernCountyHardy

Associatedwithdisease
Domesticandwild

Man mammals

Horsetreesquirrels
andgroundsquirrels

Horsel

Horse1

2

2

Horse1
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Taylor1967

etal1966Thereisvirologicandserologicevidencethat
leporidsprimarilyLepuscalifornicusbecomeinfectedwith
WEEvirusduringAugustandSeptember Thusthese

mammalscouldserveassecondaryamplifyinghostsbe
causeCtarsalisfeedsonrabbitsTempelis1964andex
perimentallyinfectedLcalifornicuscirculateshighlevels
ofvirusintheirbloodunpublisheddata

ActivityofSLEvirusasmeasuredbyisolationofvirus
fromCtarsalisandimmunologicconversionsinsentinel
chickenswasabsentduringthesummersof1964through
1967Thusattemptstostudytheoverwinteringmechan
ismofthisvirushavebeenunrewardingAntibodytoSLE
viruswasfoundinserafromrodentsandleporidsbutthe
significanceoftheseresultsisunknownbecauseatleasttwo



Table2Vectorsandwildlifehostsoftenarboviruses

studiedintensivelyinKernCounty19631968

Typeof
Vector

Mosquito

Virus

WEE

SLE

Turlock

CE

PowassanTick

Biting
midge Buttonwillow

Lokern

MainDrain

UnknownModoc

RioBravo

Vector

Ctarsalis

Ctarsalis

Ctarsalis

Amelanimon

Tick

Cuariipennis
Cuariipennis
Cuariipennis
None

None

Wildlifehosts

o

0 0

0

0

0 0

0 0

0

0 0 0

0

IHartParkJerrySloughandKernCanyonvirusesalsooc
curinKernCountybuthavenotbeenstudied

2Degreeofinvolvement0 rareornone occasional
and frequent

3ThepresenceofaPowassanlikevirushasonlybeendem
onstratedbyserologictests

othergroupBarbovirusesModocandPowassanarealso
infectingwildmammalsinKernCountyHardyetal
1966

TurlockviruswasisolatedfromonepoolofCulexpeus
SpeiserandnumerouspoolsofCtarsaliscollectedinKern
Countysince1965Highprevalencesofantibodyhavebeen
demonstratedinonlytworesidentspeciesofbirdHouse
FinchesandHouseSparrowsTherewaslittleornosero
logicevidencethatthisvirusinfectedwildmammalsEx
perimentalinfectionofwildbirdsandmammalsdemon
stratedthatmostbirdscouldserveasasourceofvirusfor

arthropodvectorswhereasmammalswererelativelypoor
hostsThusthetransmissioncycleofTurlockWEEand
SLEvirusesduringthesummerisquitesimilarinthatC
tarsalisistheprimaryvectorandwildbirdsaretheprimary
amplifyinghostsThemainecologicdifferencesbetween
WEESLEandTurlockvirusesarethat1WEEandSLE
viruseshavewiderhostrangesbecausebothmammalsand
birdscanserveashostsand2thetransmissioncycleof
Turlockviruscanbemaintainedinareaswherethepopula
tionofCtarsalisistoolowtosupportthetransmissionof
eitherWEEorSLEvirusunpublisheddata

NoisolationsofCEvirushavebeenmadeinCalifornia

sincetheviruswasisolatedfromCtarsalisandAedes

melanimonDyarcollectedinKernCountyduring1943and
1944HammonandReeves1952Howeveraserologic
surveyofmanandwildmammalsconductedinKern
Countyduring1963demonstratedthatCEvirusoravirus
antigenicallyrelatedtoCEviruswasstillpresentinKern
CountyGresikovaetal1964Furtherserologicsurveys
duringthelastfiveyearsindicatedthatleporidswerefre

quentlyinfectedandthatrodentsandbirdswereoccasion
allyinfectedwiththisvirus Howeverexperimentalin

fectionofwildbirdsindicatedthatbirdswererefractoryto
infectionwithCEvirusThusthespecificityoftheHIsub
stanceinavianserawillhavetobedeterminedbeforethe

resultsoftheserologicsurveyswithCEviruscanbefully
evaluated

Twoothermosquitotransmittedviruseswereisolated
originallyinKernCountybuthavenotbeenstudiedbe
causeofalackofsuitabletestsystemsHartParkviruswas
isolatedfromnumerouspoolsofCtarsalisandfromthe
bloodofbirdscollectedfrom1955to1961inKernCounty
andotherareasofCaliforniaTaylor1967JerrySlough
viruswhichisantigenicallyrelatedtoCEviruswasisolated
fromtwopoolsofCulisetainornataWillistoncollectedin
1963Taylor1967

TicktransmittedViruses

ThereisserologicevidencethatPowassanvirusora
closelyrelatedvirusininfectingwildrodentsprimarily
Citellusbeecheyiand4rnmosperrnophilusnelsoniinKern
CountyHardyetal1966InotherareasofNorthAmer
icathisvirusismaintainedinnaturebyaticktorodentto
ticktransmissioncycleMcLeanetal1964Thusfarno
groupBarbovirushasbeenrecoveredfromnumerousticks

andbloodcollectedfromwildmammalsinKernCounty
HoweverPowassanviruswasisolatedrecentlyfromaspot
tedskunkSpilogaleputoriuscollectedinSonomaCounty
CaliforniaDrHNJohnsonpersonalcommunication
ThisisthefirstisolationofPowassanvirusinCalifornia

CulicoidestransmittedViruses

ThreenewarbovirusesButtonwillowLokernandMain
Drainhavebeenisolatedrepeatedlyfrombitingmidgesof
theCulicoidesuariipennisCoqcomplexandfromthe
bloodofleporidscollectedinKernCountyfrom1963to
1968Reevesetal1970Hardyetal1970Taylor1967
Thetransmissioncyclesofthesevirusesduringthespring
andsummerinvolveCvariipennisastheprimaryvector
andLepuscalifornicusblacktailjackrabbitastheprimary
vertebratehost AnotherleporidSylvilagusauduboni
desertcottontailprobablyservesasasecondaryvertebrate
hostThesetransmissioncyclesarefurtherindicatedbythe
findingthatCuariipennisfeedsfrequentlyonrabbitsas
wellasdomesticmammalsDrCHTempelispersonal
communicationHoweverlittleefforthasbeenmadeto

determineifmosquitoesthatfeedpredominantlyonmam
malsincludingleporidsTempelis1964areinvolvedin
transmissionofthesevirusesTheoverwinteringmechanism
forCulicoidestransmittedvirusesisalsounknown

AlthoughbluetonguevirusistransmittedbyCuariipen
nisFosteretal1968noisolationsofthisvirushavebeen
madefromCuariipenniscollectedinKernCountyHow
everwearenotcertainthatourviralassaysystemscould
detectbluetonguevirusifitwaspresent

OtherViruses

Aspreviouslymentionedthereisnoevidencethat
ModocRioBravoandKernCanyonvirusesaretransmitted
byarthropodsJohnson1967Theseviruseshavebeen
isolatedonlyfromtissuesororgansofmammalsTaylor
1967
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ModocandRioBravovirusesareimportantbecausethey
producechronicinfectionsintheirnaturalhostsConstan
tineandWoodall1964Johnson1967DrHNJohnson
personalcommunicationandtheyareantigenicallyrelated
toaprovenarbovirusthatoccursinCaliforniaieSLE
virusThisraisesthequestionofwhetherarthropodsare
requiredforthesurvivalofcertainarbovirusesCertainly
theroleofchronicinfectioninthemaintenanceofarbovir

usesneedstobeinvestigatedaswaspreviouslymentioned
byReeves1961
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Summary

FifteenarbovirusesoccurinCaliforniaWEESLECE
PowassanModocandRioBravovirusesareassociatedwith
diseaseinmanordomesticmammalsorbothThereis
serologicevidencethatTurlockandMainDrainviruses
mightbeassociatedwithclinicaldiseaseinhorsesWEE
virusisthoughttoproducediseaseincertainspeciesof
wildlife

Ourknowledgeisincompleteonwhatvectorsandwild
lifehostsareinvolvedinthebasictransmissioncyclesof
mosquitobornevirusesVirusestransmittedbybitingmid
gesappeartohaveaCvariipennistoblacktailjackrabbit
cycle ModocandRioBravovirusesareapparentlynot
transmittedbyarthropodsburaremaintainedaschronicin
fectionsinthiermammalianhosts
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SIGNIFICANTMOSQUITOCONTROLDEVELOPMENTSFROM
THE1969CALIFORNIAENCEPHALITISEMERGENCY

Introduction

Theprinciplesemployedinmosquitocontrolhavebeen
restatedmanytimesNewtermsandcatchphrasesarefre
quentlycoinedbutwearestillguidedbythefundamental
principlesofmosquitosourcereductionformerlycalled
permanentcontrol naturalisticcontrolincludingbio
logicalcontrolandchemicalcontrolofmosquitolarvaeor
adultsNewinstrumentsdevicestoolsandchemicalshave
beenintroducedintheinterestofgreaterefficacyorecon
omybuttherehasbeenlittlechangeinfundamentalap
proachesProgresscontinuestobeevolutionaryratherthan
revolutionary

1969Problem

In1969precipitationoverCaliforniaintheformofrain
fallandsnowfallreachedanalltimerecordparticularly
overthesouthernSierraswhichreceivedupto430ofnor
malsnowpack ExtensivefloodingofthesouthernSan
JoaquinValleyandlesserfloodselsewhereinthestatewere
predictedwithcertaintybythehydrographiccomputersto
occurmainlyinvalleyareashistoricallyassociatedwithen
cephalitis Substantialincreasesinvectormosquitopro
ductionwereanticipatedwithconsequentimplicationsofa
possibleencephalitisepidemicifeffectivepreventivemea
sureswerenotemployedAccordinglylocalstateandfed
eralagenciescollaboratedindevelopinganemergencypro
gramofvectormosquitocontrolwhichwasexecutedasthe
mostpracticablemeansofavertingorminimizinganepi
demicTheuniquefeatureofthisprogramwasthatitwas
undertakenonthebasisofthebroadestpossiblescientific
appraisalofthefactorswhichcontributetoencephalitis
epidemicsegReeves1967andwasfundedandbegun
beforeinfectionofhorsesorhumanswasapparentandbe
foreviruseshadbeendetectedinvectorhostorreservoir

species

Theplanincludedthreephases
PhaseOne recognizedlocalmosquitoabatementagen

ciesastheprimaryresourceformosquitocontrolanden
couragedtheseagenciestointensifytheirprogramsinsome
casesextendingbeyondtheirboundariesTheterritoryof
thelocalmosquitocontrolagenciesFigure1comprises
mostoftheCentralValleywhichcontainsextensiveareas
whichcouldproducemosquitoesincloseproximitytolarge
numbersofpeople Theaggregateareaincludedwithin
theselocalprogramsisabout40000squaremiles

Table1fromthe1970YearBookoftheCaliforniaMos

quitoControlAssociationgivesfor1969bylocalagencies
asummaryoftheinsecticidesappliedbyaircraftandacre
agestreatedincludingapplicationsmadeinconnectionwith
phaseoneoftheemergencyprogram

Localagencieseligibleforfederalflooddisasterassistance
throughtheFederalOfficeofEmergencyPreparednesswere
assistedinprocessingapplicationsbytheStateDepartment

ThomasDMulhern

BureauofVectorControlandSolidWasteManagement
CaliforniaStateDepartmentofPublicHealth

ofPublicHealththeStateDisasterOfficeandtheUS
PublicHealthServicePhaseonealsoemphasizedtheimpor
anceofintensifiedsurveillancetoprovidethebestpossible
guidancetocontroloperationsandateamfromtheUS
PublicHealthServicemadeseveralintensivesweepsthrough
theareasofconcerncollectingmosquitoestobeprocessed
forvirusdetectionThiswassupplementarytotheannual
surveillancewhichiscarriedoutinrepresentativeareasby
theUniversityofCaliforniaandtheCaliforniaStateDe
partmentofPublicHealth

Therearemanysmallerbutneverthelessimportantmos
quitosourcesoccurringirregularlyoversome20000square
milesoutsidetheboundariesofthelocalcontrolagencies
andthesewerethesourcesdesignatedtoreceiveprimary
attentioninphasetwo

PhaseTwo providedlimitedcapabilitytotheState
DepartmentofPublicHealthtoconductasupplimentary
searchanddestroyoperationprimarilyinareasnotpro
tectedbylocalmosquitocontrolprogramsInsomecases
thehelicoptersundercontracttotheStatewereemployed
uponrequesttoperformneededserviceswithinthebound
ariesoflocalagencieswhenequallocalexpenditurescharge
ableagainstfederalemergencyfundingwereoffsetbyso
doing

Table2presentsasummaryoftheareassprayedbyhel
icopterinconnectionwithphasetwooftheemergencypro
gramOfapproximately300000acresoriginallyestimated
aslikelytorequirelarvicidingwithinthisphaseofthepro
gramonly67000acresweresprayedThereductionwas
attributedinparttoextraordinaryactivitybymosquitofish
andotherpredatorsinmuchofthefloodwaterswhichin
undatedhundredsofthousandsofacresoffarmlandsand
riverfloodplainsItwasalsopossiblethroughtheuseof
helicopterstodeterminethelimitsoftheinfestedareasand
torestrictlarvicidingtotheseareasandinmostinstancesto
thoseareaswhichwereactuallyproducingCuiextarsalis
Finallyprocurementproceduresdelayedthebeginningof
thehelicopterprogramfornearlyamonthwithcontract
machinesnotputinoperationuntilJuly5 Therefore

areaswhichmighthavebeensprayedduringthisperiod
werenottreated

PhaseThree wasareserveplantobeimplemented
onlyifanepidemicofencephalitisweretooccurdespite
thepreventiveoperationsofphaseoneandphasetwo
Phasethreewouldhaveincludedlargescaleaircraftadulti
cidingoperationsoverbothruralandurbanareastoapos
siblemaximumof6millionacresFortunatelylowvirus
levelscombinedwithsuccessfulsuppressionofmosquitoes
madephasethreeunnecessary

Inthisemergencyyearasistruefornormalyearsthe
primaryoperationandmajorexpenditureswerethoseof
localmosquitocontrolagenciesTheseprogramsprovide
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Table1Sprayingperformedbymosquitoabatementdistrictsin1969

Table2SprayingperformedunderPhaseTwoofemergencyprogrambyaircraftundercontracttoCaliforniaStateDe
partmentofPublicHealth

SEASONSUMMARY1969

AIRCRAFTPERFORMANCERECORDS

AircraftTime

Spot Area Acres Insecticide

Aircraft CountyandLocation Ferry Spray Spray Total Sprayed Gallons Pounds

N8529F Bell Shasta Tehama Etc 63 285 40 388 2721 772 772

N988B Bell Shasta Tehama Etc 24 70 94

N1329X Bell Shasta Tehama Etc 35 45 110 190 1412 705 708

N9995CCalAirA5 Shasta Tehama Modoc 230 4825 5900 2500

179B Bell SacramentoArea 343 769 473 1586 19128 5298 5923

N65132Pawnee SacramentoArea 47 430 477 17040 7635 8040

2488BBell Merced Etc 67 130 21 218 605 300 300

N4742R Bell Merced Kern 813 711 478 2002 16822 11797 135445
N90476 Hiller Inyo Etc 209 623 217 1049 5000 3130 5268

FixedWingAircraft
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TOTAL 1783 2633 1769 6234 67553 35529 37056

AGENCYOWNEDOPERATEDAIRCRAFT

NumberTypeofAircraft HoursFlown AcresTreated

Costper
Acre

CONTRACTEDAIRCRAFT

Costper
AcresTreated Acre

AGENCY

REPORTING
r ill

s o c

Q Q
2

E
d9 2

a a a x E E

lOAS7AtREGION

DiabloValley
26965 3435

MarinCounty
8050 372

NapaCounty
3400 300 278

NSalinasValley 1 100 6022 141 120 250

Solano
29100 278

SACRAMEN10YYRIGION

Butte 2 726 178191 2449

Colusa 38592 700 123

Durham 2150 333

GlennCounty
6300 35

Lake 515 81

SacramentoCoYoloCo 39223 27540 299

Shasta 1050 5614 57

SutterYuba 84935

Tehama 2581 2632 421

NSAN10A0FINRIGION

EastSide I 402 72652 29 5910 384

MercedCounty 3 I 1053 251634 253

NSanJoaquinCo 1820 90 153

SanJoaquin 2 662181 104075 10250 33

Turlock 1 545 86194 259 6690 16

5SANJOAQUINREGION

Consolidated 2 710 108293 40

Delano 3880 30

Della I 453 97321 172 38038 2137 34

FresnoWestside 2 588 9 118394 2460 30

Kern 1 1 402 41 179557 14613 1202 317 34810 2087

Kings 4 1642 293944 24405

Madera 27588 27219 37

Tulare 1 1 1 958 168585 147

WestSide 18538 2462 476

SCALIFORNIAREGION

CoachellaValley 80 15 142

InyoCountyHD 21000 71

Northwest 5410 30

TOTALS 11 8 1 1 2 1 1 8241231 1664862 27323 428068103519

Table1Sprayingperformedbymosquitoabatementdistrictsin1969

Table2SprayingperformedunderPhaseTwoofemergencyprogrambyaircraftundercontracttoCaliforniaStateDe
partmentofPublicHealth
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mosquitocontrolservicestomorethan40000squaremiles
atanannualcostofnearly59millionThe63agencies
normallyapplyinsecticidesoverabout15millionacres
inadditiontoprovidingothermosquitocontrolservices
In1969thetotalsapproached10millionand212million
acresSomeoftheagenciesreceivedfederalflooddisaster
fundstooffsetaportionoftheaddedcosts

TheGovernorofCaliforniaauthorizedtheuseofstate

fundsupto500000tosupportphasetwooftheemer
gencyprogram Approximatelyonehalfofthisamount
wasexpendedinthesurveillancecontroloperationduring
which67000acresofmosquitosourcesweresprayedThis
waslargelylimitedtoareasoutsidelocalmosquitocontrol
agencieswithlimitedservicesprovidedonrequestwithin
localjurisdictionsAportionofthecostswillbereimbursed
throughfederalfloodemergencyfundsadministeredbythe
USOfficeofEmergencyPreparedness

Thisisnotintendedtobeacomprehensivereportofthe
emergencyprogrambutmerelytocommentuponthe
neworsignificantaspects

ATheexperienceofthepastyearindicatesthathow
eversuccessfulanemergencyprogrammaybeitisno
substituteforawellorganizedcontinuingstablelocal
program Thepeoplewholiveinunprotectedareas
wherethereisasignificantproblemshouldthusbeencour
agedtojoinorestablishalocalprogram

BTheproblemvariedgreatlyfromareatoareaSome
agenciesexperiencedonlynormalorevensubnormalprob
lemsasreflectedintheareastreatedwithinsecticides
Converselyagencieslocatedinmajorfloodareasnotably
DeltaTulareandKernmosquitoabatementdistrictsre
portincreasesinareassprayedintheorderof200to
300 Themanagerofoneagencywhichhasaveryhigh
proportionofproblemareainrelationtoavailablemoney
manpowerandotherresourcesreportedSituationnor
mal wehadanemergencysuchasweexperienceevery
yearThe31agenciesrespondingtoaquestionnairein
dicatedthattheareasprayedin1969was41greaterthan
in1968

CThelowvolumesprayapplicationtechniquewasem
ployedmuchmoreextensivelyin1969infacttheentire
phasetwoairsprayoperationconsistedoflowvolumeap
plicationofDursban andfenthion

ExperiencewithlowvolumespraysinCaliforniaand
elsewhereindicatesthatwhenmeterologicalconditionsare
idealandthemosquitoesarehighlysusceptibletothetoxi
canthighlevelsofcontrolcanbeachievedwithaslittleas
1flozacregivendispersalsystemswhichproduceveryfine
dropletsInplanningforphasetwoitwasapparentthat
operationswouldfrequentlybenecessarywhenspraycon
ditionswerefarfromidealhightemperatureslowhumid
ityturbulentairwindsupto8mphetcandafinedrop
letspraywascontraindicatedAccordinglysincesomewhat
largerdropletsandsomewhatlargervolumesofsprayhad
givengoodresultsunderdifficultmeterologicalconditions
intheHILOtestsofOctober1967Mulhernetal
1968asomewhatarbitrarydecisionwasmadetoemploy
similarparameters P400polypropyleneglycolwassug
gestedbyHaroldLembrightofDowChemicalCompanyas
anonvolatilediluentorextenderandtheapplicationrates

weresetat6ozacreforlarvicidingand3ozacreforadult
icidingNozzlesandpressureswereselectedtogivelarger
dropletsforlarvicidingthanforadulticidingForlarviciding
itwasdesiredthat80ofthevolumeofspraybeindrop
letswithinarangeof50300micronsdiameterandfor
adulticiding80ofthevolumeofspraywastobeindrop
letswithinasizerangeof50100micronsWiththerela
tivelyhighviscocityP400formulationtheequipmentpro
ducedsomewhatlargerdropletsthanplannedhoweverthe
applicationswerehighlysuccessfulinallcasesexceptwhere
mosquitopopulationswereshowntoberesistant

Meterologicalconditionsarefrequentlyunfavorablefor
airsprayingintheCentralValleyofCaliforniaduringthe
mosquitoseasonForexampletheButteCountyMosquito
AbatementDistrictkeptalogforonecompleteseasondur
ingwhichtherewereonly20outof126dayswhensched
uledsprayoperationswerecompletedwithoutserious
meterologicalinterference

DHelicopterswereemployedextensivelyinphasetwo
extendingthesurveycapabilityofentomologistsby5to
10timescomparedwiththeareawhichcouldhavebeensur
veyedusinggroundvehiclesEachhelicoptercouldcarry
twoentomologistswhenintensiveinspectionwasrequired
butnormallyonewassufficientItisestimatedthateach
oftheseinspectorsaveragedmorethan20sqmiperhour
examiningtheareawithsufficientcaretodeterminewheth
ersprayingwasnecessary Thismethodalsopermitted
accesstoareaswhichcouldnothavebeenreachedbyany
othermeansAllhelicopterswereequippedwithlowvol
umesprayequipmenttoallowimmediatetreatmentswhen
indicated

EThefirstsurveillancemissionbyhelicopterwasper
formedinMarchovereasternMaderaandMercedcounties
areascharacterizedbymanylowplacespotholeswhich
holdwaterinthespringmonthsWhilethesepoolshad
shownhighpopulationsoflarvaewhenexaminedinMarch
andAprilof1967the1969inspectionsrevealedthatthe
samepoolswerewellstockedwithpredatorsandmostof
themwerefreeofmosquitoesThusalertedtoanextra
ordinarybiologicalcontrolactivitywhichappearedtobe
takingplacesubsequentsearchmissionsincludedfieldap
praisalofnaturalisticcontrolInspectionoftheflooded
landsalongtheKingsandSanJoaquinriversintheOwens
ValleyandinthefloodedlandsborderingtheTulareLake
alsostronglysuggestedthatnaturalforceswereminimizing
mosquitoproductionInthelatterinstanceshighpopu
lationsofmosquitofishwerenotedwherelarvaewereab
sentThousandsofacreswerethuseliminatedfromthe

sprayprogramAreaswhichdidnothavehighpopulations
ofmosquitofishandotherpredatorsgenerallyrequired
spraying

FOnemajorsprayapplicationperformedinKings
CountywithDursbanagainstCtarsalisfailedThismos
quitopopulationhassincethenbeenfoundtobehighlyre
sistanttoalloftheorganophosphorusmaterialstested

Theimpressionshouldnotbegiventhatallofthemos
quitosourceswerefoundorthatallwhichwerefoundwere
treatedHighpopulationsofCtarsalisadultswereobserved
inaconsiderablenumberofthemoreremoteuncontrolled
areasandsomeofthesmallerresidentialcommunitiesalso
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exhibitedhighcountsattmesHoweverpopulationsin
mostofthelargercommunitiesweregenerallymoderate
owingtotheeffortsofmosquitocontrolforcesItisalso

believedthatthedryweatherwhichprevailedfollowingthe
springrainshelpedtoshortenthelifespanofthosemos
quitoeswhichdidemerge

Otherpaperspresentedatthismeetinghaveemphasized
theunexplainedenigmaoftheseasonConditionsappeared
idealforrecordproductionofthevectormosquitoesin
manyareasyetveryfewvirusrecoveriesweremadefrom
thelargenumbersofmoseuitopoolsprocessedinthelab
oratoriesOnlyfivehumancasesofencephalitiswerecon
firmed allStLouisandallintheSacramentoValley

1 DelNorteCountyFloodControlDistrict
2 HumboldtDelNorteCountyHealthDepartment
3 LakeCountyMAD
4 NapaCountyMAD
5 SolanoCountyMAD
6 SonomaMAD

7 MarinCountyMAD
8 ContraCostaMAD

9 DiabloValleyMAD
10 AlamedaCountyMAD
11 SanMateoCountyMAD
12 SanClaraCountyHealthDepartment
13 NorthernSalinasValleyMAD
14 PineGroveMAD

15 ShastaMAD

16 TehamaCountyMAI
17 LosMolinosMAD

18 CorningMAD
19 ButteCountyMAD
20 SheridanMAD

21 OrovilleMAD

22 DurhamMAD

23 ElDoradoCountyServiceAreaNo3
24 GlennCountyMAD
25 ColusaMAD

26 SutterYubaMAD

27 SacramentoCountyYoloCountyMAD
28 NorthernSanJoaquitCountyMAD
29 SanJoaquinMAD
30 EastSideMAD

31 TurlockMAD

32 MercedCountyMAD
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MOSQUITOCONTROLAGENCIES

The1969emergencyoperationrepresentedanexcellent
exampleofcooperationbetweenlocalmosquitocontrol
agencieslocalhealthdepartmentstheUniversityofCal
iforniatheStateDepartmentofPublicHealththeState
DisasterOfficetheCaliforniaNationalGuardtheUS
PublicHealthServicetheFederalOfficeofEmergency
Preparednessandthevariouscommercialsuppliersand
contractors
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JohnC

LaneCountyDepartment
Eugene

InasmuchasmosquitocontrolinthePacificNorthwest
cameintoexistenceinmostoftheregionasaresultof
publichealthemphasisentheCulexmosquitotocontrol
westernequineencephalitisinbothhorsesandmanmuch
oftheworkandassociatedprogramsareasyetpublichealth
orientedanddirectedtowardthecontrolofallvectorsThe
moreaffluentsocietyoftodayhoweverisdemandingmore
andmorethecontrolofthemosquitoprimarilyasabiting
nuisanceThisdemandisslowlychangingthenatureofour
programingandremovingitfromtheusualemergency
fundingcategoryandlirnitedbudgetandplacingitina
priorityrecognizedbybudgetingasanecessityforwelfare
aswellashealth

InOregonduring1969twonewcountywidedistricts
wereapprovedbyvotersfundedandputinoperation
Idahonowhasfouroperatingdistrictsandonecitycounty
districtInthoseareasthroughoutthePacificNorthwest
wheremosquitoorvectorcontroldistrictsdonotexistitis
theresponsibilityofthepublichealthsanitariantokeep
himselfqualifiedandknowledgeableofgoodmosquitocon
trolpracticesinordertoadvisegenerallyandrespondin
emergenciesThisiscarredoutbytheNorthwestMosqui
toandVectorControlAssociationinitseducationalcon
ferenceandtheseveralstateboardsofhealthintheircon

tinuingeducationprograms

InspiteofincreasedcontroleffortsinthePacificNorth
westwesternequineencephalitiswasprevalentinthe
horsesofallthreestatestwentycasesinWashington
fortyeightcasesinOregonfiftycasesinIdahoTwocon
firmedcasesofwesternequineencephalitisinhumansin
Oregononthetailendoftheoutbreakinhorses two

humancasesofStLotisencephalitiswerereportedin
Idaho MosquitopoolscollectedinOregonduringthe
horseoutbreakwereapproximately18positiveforwest
ernequineencephalitis20of109Thespeciesidentified
inthesepoolswereCrarsalisCpipiensandCuliseta
inornata

TourismandrecreationinthePacificNorthwestisstill
classifiedasthethirdlargestindustryTheopeningof
wildernessareastothepublicisbringingwithitademand
tocontrolthemosquitoestoallowtheuseoftheseareas
BitingcountstakenintheWaldoLakeareaduringafeasi
bilitystudyforcontrolwere70 100perminuteatone
siteand40perminuteinanotherTheadultscollectedin
thissamplewerealmostexclusively4edescommunisCo
operativefinancingforcontrolactivitiesbythefacility
developingagencyinmostinstanceshasnotbeenforth
comingandasaresultmanyvacationsarecutshortfor
lackoffinancestoinstitutecontrolEstimatedcostby
thisDepartmenttocontrolmosquitoesatWaldoLakefor
eightweeksis4415brokendownbetween226campsites
nowexistingthecostpersiteperdaywouldbeS27Is
thistoohighacostforcomfort

Biologicalcontrolthroughuseofthemosquitofish
Cambusiaaffinisispromotedwheneverpossiblewith
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VECTORCONTROLTRENDSOFTHEPACIFICNORTHWEST

Stoner

ofHealthandSanitation

Oregon

manydistrictsanddepartmentshavingstockavailablefor
privatepondsorsloughstherebysupplementingtheirown
stockingeffort Sawmillingpracticeshavechangedtoa
largedegreeintheNorthwestbysubstitutingdrydecks
andstackingmachineryfortheoldlogpondswhichinyears
pastconsumedhighportionsofmosquitocontrolbudgets

Chemicalcontrolisstillthegreaterpartofbudgetex
penditureshoweverwithmoreandmoreeffortinthe
fieldofLVapplicationandgranularmaterialAselsewhere
DDTisbeingattackedandbannedeitherstatewideorasin
IdahobannedintheCityofBoiseasofJanuary1970In
OregonGovernorMcCallsaidthebaninOregonwould
meannouseofDDTexceptwherethereisnosafealter
nativeandthenonlyforprotectingthehealthfood
sourcesnaturalresourcesandgeneralwelfareofourciti
zens Developmentofresistancetoinsecticidesinthe
PacificNorthwesthasbeenslowandforthemostpart
nonexistentDDTonseveraloccasionsThisisdueappar
entlytotherelativelyshortexposuretoinsecticideduring
theshortmosquitoseasonandlimitednumberofgener
ationsproducedinthisshortperiodoftime

Theticksstillremainasanimportantvectorofseveral
diseasesDermacentorandersoniprevalentinthecountry
locatedeastoftheCascadeRangeofmountainsisrespon
sibleforRockyMountainspottedfeverandColoradotick
feverInOregon10CTFpositivepoolsoftickswerecol
lectedinLakeKlamathandBakercounties Idahore

portedthreecasesofrelapsingfever

Mascoautumnalisthefaceflywasforseveralyearsan
importantvectorinthePacificNorthwestaswellasbeing
newtotheregionOfeconomicimportanceaswellasa
nuisanceitisresponsibleforthespreadofpinkeyein
cattlecausingtemporaryandevenpermanentblindness
Reportsfromthefieldindicatewidespreadpopulationsat
thepresenttimebutasignificantreductioninnumbers
comparedtotheinitialinfestationintheregion

RecentenvironmentalsurveysbeingconductedinLane
CountyOregonrecordvectorharborageareasoneachpar
celofgroundinvestigatedThepropertiesareinvestigated
forbotharthropodsandrodentsThisinformationisbeing
storedoncomputertapewithotherenvironmentaldata

whichwillbetranslatedbycomputerdigitizertomapsWe
feelthiscomputerizedprogramingwillbeinvaluablein
solvingmanyofourvectorproblemsinLaneCountyThis
particularprogramisbeingmadepossiblebythreefederal
agencygrantswhichwillassistLaneCountyincreatinga
CountyGeneralPlanaCountyWaterPollutionAbatement

PlanandRuralWaterandSewerageSystemPlanSurveys
todateinurbanandsuburbanareasofLaneCountyin
dicateharborageareason25 80ofthepropertiesin
vestigatedWearehopefulthattheuseofthecomputer
andthecollecteddataduringthenextseveralyearswill
leadtoreducedcostsandbettercontrolofthevectorswe
harborinthePacificNorthwest



REVIEWOFMOSQUITOANDOTHERVECTORCONTROLACTIVITIESINUTAHDURING1969

DonMReeslandGlenCCollett

AbouteightypercentofthepopulationofUtahnow
resideswithintheboundariesofmosquitoabatementdis
trictsThishasbeenaccomplishedsincetheenablinglegis
lationwaspassedinUtahin1923andtheSaltLakeCity
MosquitoAbatementDistrictorganizedin1924Thereare
tenorganizeddistrictsinUtahlocatedinsevencounties
Nineoftheseareoperatingunderthelegislationenactedin
1923andonethroughacountycommissionSmallsporad
icmosquitocontrolprogramsareconductedinother
countiesinUtahwhentheneedisurgentandfundsavail
able

TheUtahMosquitoAbatementAssociationandtheMos
quitoControl FishandWildlifeCoordinationCommittee

continuetofunctionasinfluentialorganizationsforpro
motingmosquitocontrolandthepropagationandmanage
mentofwildlife

ThetwentysecondannualmeetingoftheUtahMosquito
AbatementAssociationwasheldinBrighamCityUtah
October671969withtheBoxElderCountyMosquito
andFlyAbatementDistrictservingashostSpeakersfrom
CaliforniaColoradoIdahoandLouisianacontributedmuch
tothesuccessoftheconferenceWeextendaninvitation

toyoutoattendournextannualmeetingwhichwillbe
heldinProvoUtahonOctober561970

Fromavailableinformationbasedonannualreports
mosquitocontrolproblemsduring1969weregreaterthan
usualinUtah Sincethe1958encephalitisoutbreakin
UtahtheSaltLakeCityandSouthSaltLakeCountymos
quitoabatementdistrictshaveassumedtheresponsibilityof
developingandmaintainingasurveillanceprogramonen
cephalitisintheareaThishasbeenbasedprimarilyonthe
fluctuationoftheannualpopulationsofCulextarsalisand
climaticfactorsaffectingthesepopulationsInadditionfor
thepastsevenyearssentinelchickenflockshavebeenmain
tainedintheSaltLakeCityareabytheArboviralDisease
SectionofNCDCinFortCollinstoobtaininformation

pertainingtoencephalitistransmissiontotheseflocks

Weatherconditionsearlyin1969werefavorablefora
highCtarsalispopulationRunoffinSaltLakeCounty
waspredictedat132ofnormalwithtemperaturesfor
MaywellabovenormalThesefactorscausedconsiderable
concernthataseriousencephalitisandmosquitoannoyance
mightdevelopAsaresulttheArboviralDiseaseSectionof
NCDCagreedtotestpoolsofCtarsalisforvirusactivity
WeeklycollectionsweresenttothemfromJunetoSep
tember

Weatherconditionsdrasticallychangedduringthelast
halfofJunewithabovenormalprecipitationandbelownor
maltemperaturesandtheseconditionscontinuedthrough
JulyTheCtarsalispopulationduringtheremainderof
theseasondeclinedwellbelowthepreviousfiveyearaver
age

1CenterforEnvironmentalBiologyUniversityofUtahSaltLake
CityUtah

2SaltLakeCityMosquitoAbatementDistrictSaltLakeCityUtah

ThesentinelchickenflockswerebledOctober20and
thereportfromFortCollinsindicatedonepositiveforSt
LouisencephalitisfromtheflockwestofSaltLakeCity
NopositiveisolationswerereportedfrompoolsofCtar
saliswhichweresentinweekly

Asaresultofreportedannoyancefromthebitinggnat
LeptoconopskertesziKiefferreceivedfrommanypartsof
thestateanapplicationforfundstosupportastudyofthis
gnatinUtahwassubmittedbyDrDonMReestothe
UnitedStatesArmyResearchandDevelopmentCommand
Theapplicationwasapprovedandfundsawardedbythis
agencyforatwoyearstudybeginningMarch11969This
studyisinprogress

TheGreatSaltLakeStateParkwasopenedforvisitors
inMayof1969Asaresultofthegreatnumberofadult
brinefliesfamilyEphydridaepresentandtheabundance
ofpupalskinsthataccumulatealongtheshorelineofthe
lakethosevisitingtheparkcomplainedabouttheseannoy
ingconditionsTheGovernoroftheStatecalledameeting
onAugust13ofindividualsfromvariousstateandlocal
governmentagenciesuniversitiesindustryandcivicorgan
izationsforthepurposeofdeterminingwhatcouldbedone
tocopewiththeproblemAcommitteewasorganizedfor
thepurposeofdeterminingaplanforstudyandcontrolof
thisflyThiscommitteehasappliedforfederalfundsin
ordertoadequatelystudythisproblemandmakecontrol
recommendationsDrDonMReesandJayEGraham
wereincludedonthecommittee

ThesnipeflySymphoromyiawasabundantandannoy
ingonthegolfcoursesandrecreationalareasinthecanyons
eastofSaltLakeCountyAttherequestoftheSaltLake
CityParksDepartmentsomeadulticidingwasdoneforthe
abatementofthisbitingfly

TheCommunityStudiesonPesticidesbeingconducted
bytheUtahStateDivisionofHealthcompleteditsthird
yearofinvestigationTheobjectiveofthisstudyistode
terminethetypeanddegreeofpesticideexposurewhich
thehumanpopulationexperiencestheecologicalfactors
affectingthisexposureandthecharacteristicsofthesub
jectpopulation Includedinthestudyoftheexposed
groupareseveralemployeesofthemosquitoabatement
districtsinSaltLakeCountyIntheannualphysicaland
thethreequarterlyfollowupexaminationsgiveneachpar
ticipantnoobviousdifferencescouldbedetectedinthe
healthoftheexposedversustheunexposedgroupsSubtle
differencesarebeingcarefullyinvestigated

Inadditiontothemosquitocontrolworkersparticipat
inginthepesticidestudycholinesteraselevelsweremoni
toredonallmosquitocontrolemployeesinSaltLake
Countyduringpeakperiodsofexposuretoorganophos
phatesThecholinesteraseleveloftwoworkersinagroup
of15becamesufficientlylowthatdiscontinuanceofex
posurewasrecommendedbythehealthofficerThisadvice
wasfollowedimmediatelyandasaresultincreaseincholin
esteraseoccurredinthesetwoemployees
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ASeminaronPesticidesandPublicHealthwillbecon
ductedinSaltLakeCityFebruary451970Thismeeting
issponsoredbytheUtahDivisionofHealthandtheNCDC
DivisionofCommunityStudiesAtlantaGeorgia
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Inadditiontothosementionednumerousresearchac
tivitiesarebeingconductedbyvariousinvestigatorsinthe
universitiesandinthemosquitoabatementdistrictsItis
recognizedinUtahthatresearchisanessentialpartofan
effectivemosquitocontrolprogram

CURRENTSTATUSOFMOSQUITOCONTROLINNEWJERSEY

Foradiscussionofthestatusofmosquitocontrolin
NewJerseyitisnecessarytoreviewbrieflythegeneral
typesofmosquitoproblemsweencounterTheStatecan
bedivideddiagonallyalonggeologicallinesintothreere
gions1therollingruralareainthenorthwest2the
coastalplainsregioninthesoutheastwithitsperimeterof
saltmarshand3theheavilyurbanizedareabetween
WhilethenorthwesternpartoftheStateislargelyagri
culturalinnaturesummerrecreationalactivitiesaroundthe
manysmalllakeshavebeenresponsibleforanincreasing
demandformosquitocontrolwoodlandpoolandflood
waterAedesrepresentthemajorproblemsThetransitional
regionisrapidlybecomingapartofthemegalopolisthat
extendsacrossthenortheastAlthoughthefloodplainsof
thePassaicandHackensackRiverstillproduceanoccasional
broodofAedesvexansthemajorprobleminthisareastems
fromthehousemosquitoCulexpipiensWaterpollution
ateverylevelhasaggravatedthesituationtothepointthat
eventhesetwomajorriverbreedCpipiensalongtheir
banksThecoastalplainsregionincludesthecoastalresort
areasagriculturallands250000acresoftidalsaltmarshes
aswellascedarbogsandpinebarrensThemajornuisance
problemisthesaltmarshmosquitoAedessollicitansthe
controlofwhichishighlyimportanttotheresortindustry
Theinlandcedarbogandpinebarrenareasappeartobethe
focalareasforeasternviralencephalitisandthemosquito
vectorassociatedwiththebirdcycleCulisetamelanura

Mosquitocontrolistheimmediateconcernofthe20
activecountymosquitoexterminationcommissionsoutof
21countiestheiractivitiestogetherwiththoseofthe
StateMosquitoControlCommissionandthoseofmunici
palitiessurpassestheexpenditureof5millionyearThe
StateMosquitoControlCommissioncontinuestoincrease
itssupportofregionalprojectstherebypermittingthe
countiestoworktogetheronmajordrainageproblemsor
wherethemultipleinterestsofconservationandurbande
velopmentoverlap

Ithasbeenestimatedthat60 70ofmosquitocon
troleffortsinNewJerseyaredirectedtowardsourcere
ductionthroughwatermanagementaphilosophywhich
wediscussedatyour1967meetingsWatermanagement
allowsformultiplepurposeprojectswhichsatisfynotonly
ourinterestsbutalsothoseofconservationandwildlifeIn

volvementofrepresentativesoftheselatterinterestsinmos

PaperoftheJournalSeriesNewJerseyAgriculturalExperiment
StationRutgersUniversityDepartmentofEntomologyandEcon
omicZoology

DJSutherlandandBBPepper
RutgersUniversity

CamdenNewJersey

quitocontrolmakescontrolaneasierjobWeevenin
volvesuchrepresentativesinconsiderationoftheStateAir
sprayProgramaswellasfieldevaluationofnewerinsecti
cides

Althoughthemajorityofcontroleffortisdirectedto
wardswatermanagementwestillareforcedtoutilize
adulticidesandlarvicidesCurrentlymalathionisusedex
clusivelyforadulticidingbothbygroundandaerialappli
cationwhileAbateandBaytexprovetobevaluableas
larvicidesUntilthisyearthechoiceofchemicalshasin
cludedDDTsinceitstillremainsefficientandthemostec
onomicalunderourconditionsResistancestudiescon
tinuingsince1960indicatethatselectedresistancetothis
chemicalisnotprevalentbutisolatedtoafewcollections
fromthesouthernpartoftheStateNeverthelessduring
thepastfewyearswhilestillrecommendedbytheNew
JerseyAgriculturalExperimentStationandtheCounty
MosquitoCommissionitsactualusehasdiminishedlargely
duetopublicconcernDDTanditsvalueasaprehatch
treatmentforfloodwaterAedesandasaresidualbarrierin
adulticidingisstillrecognizedandpossiblelegislationinthe
immediatefutureisofgreatconcerntomosquitocontrol
personnel

InNovember1969thePesticideRegulationDivision
DepartmentofAgricultureFederalRegisterVol34 No

226 TuesdayNovember251969announcedthecan
cellationofregistrationforDDTuseinaquaticenviron
mentsmarsheswetlandsandadjacentareasexceptthose
whichareessentialforthecontrolofdiseasevectorsasde
terminedbypublichealthofficialsForfurtherconsider
ationofthisandotherrestrictiveproposals90dayswere
allowedtheeventualoutcomethereforeisunknownatthis
time

Federalconcernofpesticideshasstimulatedstateoffi
cialsofNewJerseytoconsiderthequestionalsoAccord
inglytheGovernorbyExecutiveOrderNo58August11
1969establisheda9memberPesticideCouncilheadedby
theStateSecretaryofAgricultureMembersincludedrep
resentativesofStateDepartmentslegislatorsandinterested
citizensSimilarlyanadvisorycommitteetotheCouncil
wasestablishedTheobjectiveoftheCouncilistodeter
minewhatinsecticidesareessentialandwhere Public

hearingshavebeenheldandafterJanuary19197030
dayswillbeallowedforrebuttaloradditionaltestimony
IntheinterimtheNewJerseyExperimentStationhasre
movedDDTfromallpublishedrecommendationsofthe
StationAtthiswritingmosquitocontrolpersonnelinthe



StateawaittherecommendationsofthePesticideCouncil

andeventualactionbytheStateHowevermosquitocon
trolinNewJerseyhasbeenunderregulationformanyyears
egbudgetapprovalandwithlittleevidenceofmajor
damagetotheenvironmentandnolegalsuitspendingrel
ativetotheimproperuseofpesticidesinmosquitocontrol
wehaveurgedthatcertaininsecticidescontinuetobeper
missibleasresidualadulticides

OurdesiretomaintainDDTasaspecialresidualadult
icideisbasedlargelyonthepublichealthproblemofen
cephalitisResearchoverthelastdecadeindicatesthata
complexofmosquitospeciesisprobablyinvolvedandthat
itisimportanttocontroltheolderadultmosquitoeses
peciallyintherecreationalwoodedareaswhichareincreas
inglybeinginvadedbycampersandvacationersThenum
berofvirusisolationsfromsmallanimalsinsuchareasis

increasing Afterevidenceofencephalitisin1968113
horsesand12peopleevenamoreserioussituationwas
anticipatedfor1969Thisdidnotmaterializeandwhile
rainfallandtemperaturemayhavebeeninfluentialthe
absenceofanoutbreakcannotbeexactlyattributedtoany
onefactorAlthoughsuchpredictionsaresofalliblewe
arewaryof1970sinceaftertheoutbreakin1968new
broodsofbirdsandsmallanimalswithnoimmunitywillbe
presentandthereisexpectedtobelethargytowardthe
needforequineimmunization

Oneofourcontinuinginterestswithreferencetoen
cephalitisisresearchdealingwithhostpreferenceofthe
variousmosquitospeciesintheStatewhichwillultimately
aidinthedocumentationofthediseasevectorrelationship

Inadditiontoencephalitisourresearchersareincreas
inglyinterestedinmosquitobornefilarialparasitesDog
heartwormisaseriousproblemparticularlyincoastalareas
ofsouthernNewJerseyLaboratorytransmissionstudies
indicatethat4sollicitansourcommonsaltmarshmosqui
toisthemajorvectoroftheinfectioninthesouthern
portionoftheStateWithinthepastyearattentionhas
shiftedtoanewlydiscoveredfilarialparasiteofthebull
frogAstatewidesurveyrevealedthatnearly50ofNew

TosumupwhatisnewinmosquitocontrolinLouisiana
onemightalmostsayeverything Onlyabout5yearsago
therewerenomosquitocontrolprogramsinthestateNow
thereare5allcenteredinandaroundthemetropolitan
NewOrleansareaThetotalsumofthebudgetsofthese5
districtsin1970isaboutS13million

Permanentcontrolsourcereductionisstressedbyall
districtsandthereisaconsiderablevarietyofprojectsand
equipmentTheamphibiandraglinehasprovedtobeacon

GeorgeTCarmichael
NewOrleansMosquitoControlDistrict

NewOrleansLouisiana

Jerseybullfrogscirculatemicrofilariaeofthefilaridworm
inthegenusFolevellaTheparasitehasbeenshowntode
veloptotheinfectivestageinCulexterritansamosquito
knowntofeedprimarilyoncoldbloodedanimalsAtthe
presenttimeinfectedfrogsaremaintainedtheyearround
inourlaboratoriesandthevectorhasbeencolonizedIn

formationapplicabletofilarialparasitesingeneralmaybe
derivedfromthismodelsystem

Otherresearchincludesstudiesonthesubtleandextreme

variationsinthewaterqualitythroughouttheStateand
howthisnotonlyinfluencesthespeciesofmosquitopres
entbutalsowildlifeItisreadilyrecognizedthatinsecti
cidestheirformulationandtheirfieldefficiencyisgreatly
influencedbyfactorsofwaterqualityInconnectionwith
formulationswebelievethatoneofthegreatestareasneed
ingresearchishereAllrealizethatmuchmoreinsecticide
isplacedintheenvironmentthanisrequiredtocontactand
killtheinsectWhilegranularsdosucceedingettingthein
secticideclosertothelarvaeefficientreleasesuchasthat
ofAbatefromsandasindicatedinourpresentstudiesis
necessaryandimportant

Manyresearcherssupportnewintenseresearchonthe
aquaticenvironmentandhowmosquitocontrolchemicals
reactinandaffectfreshwaterestuarineandmarineen
vironmentsandthevariousorganismstheysupportSuch
researchshouldincludenotonlypersonnelcloselyassoci
atedwithsuchcontrolactivitiesbutalsorepresentativesof
otherdisciplinessuchasecologistsmicrobiologistsetc

Ourresearchinterestsliealsoinotherareasbutasis

oftenthecaseactualprogressisslowduetoinsufficient
fundinganddoesnotmatchtheintensityoftheinterestIn
thecaseofequipmentforwatermanagementandinsecticide
applicationthedevelopmentoftheformerasevidenced
byamphibiouscranesandcontinuousexcavationequipment
hasbeenrewarding Researchinapplicationequipment
especiallyinULVareahasbeenfragmentaryandthisis
butoneimportantreasonforourattendanceatmeetings
suchasthisthatistolearnoftheadvancementsinother
partsofthecountryandtoadaptthemwherepracticalto
theNewJerseymosquitocontrolprogram

CURRENTSTATUSOFMOSQUITOCONTROLINTHEGULFCOASTAREA

venientandeffectivetoolonthelargemarsheswhichsur
roundNewOrleansAboutonethirdofallthemarshlandin
theUnitedStatesisinsouthernLouisiana

InsidetheNewOrleanscitylimitsonepermanentcontrol
projectisintheformativestageThereare8000acresof
marshinthisprojectTheareaiscompletelysurroundedby
leveessothereisnotidaleffectThereisextensivemos

quitoproductionfromoneendtotheotherTheproperty
isownedbyNewOrleansEastadevelopmentcompany
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Mosquitocontrolfillstheroleofquarterbackforthisproj
ectrecruitingthecooperationandaidofmanydifferent
agenciesBysurveyingtheareawefoundthatabout3000
acreswerealittlehigheronetotwofeetthantheother
5000acressoaleveewasbuiltthroughthemiddlesepar
atingthehigherlandfromthelowerareaThe3000higher
acresaretobedewateredandapumpwillbeusedtomain
tainapermanentwaterlevelonthe5000acresNewOr
leansEastvolunteeredtoprovideapumpingstationThe
NewOrleansLeveeBoardagreedtoremoveineffectivetide
gatesandinstallwatercontrolstructuresTheNewOrleans
SewageandWaterBoardagreedtomaintainthepumping
stationTheNewOrleansPublicServiceagreedtoinstall
powerlinestooperatethepump1believethismayprove
tobethelargestpermanentmosquitocontrolprojectthat
hasbeenundertakenatonetime

Astemporarycontrolmeasuresthedistrictsuseboth
groundandaeriallarvicidingandadulticidingWeoperate
undertheprincipleofnotusingtheorganicinsecticides
againstlarvaeinordertomaintainmaximumsusceptibility
intheadultstotheorganicinsecticideswhichweuseas
adulticidesLarvicidingmaterialsaremainlyoilswithsur
factantsFlitMLOandParisgreengranulesForadulti
cidingourmainmaterialsareDibrommalathionand
BaytexMostdistrictsusethermalfogbutthreedistricts
haveconstructedgroundULVequipmentandareimpressed
bythegoodresultsTheyhaveusedDibromatbetweenVi
and12ozperacre

ThemosquitocontroldistrictsinthemetroNewOrleans
areauselargeamountsofULVbyairThese5districtshave
4smallaircraft2PiperPA18s1CessnaAgwagonanda
GrummanAgCat TheNewOrleansDistrictalsohasa

DC3equippedforaerialULVHelicoptersareusedforin
spectioninseveralofthedistricts

HurricaneCamillestrucktheMississippiGulfcoastcaus
ingunbelievabledevastation Therewereapproximately
150humandeathsWeofferedourservicestotheareaand
withsupportfromtheOfficeofEmergencyPlanningused
ourDC3onaflycontrolprogramAbout6000gallonsof
Dibromwereusedat1ozperacreflyingabout105hrs
Reportsindicatedthattheflydensityinthedebriswas
probablylowerthanitwasinsidethecityofNewOrleans
atthesametimeTheflieswereneveroutofcontrolal
thoughincludedinthedestructionandresultantdebriswere
afoodfactoryandallitscontents6frozenfoodware
houseswithtonsoffrozenseafoodandhumanandanimal
bodies

TheULVsystemontheDC3hastwo120gallonFiber
glastanksanOberdofferpumppoweredby anelectric
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motorandaboomundereachwingeachhaving3nozzles
ThenozzlesareD8swithoutcorespositioned45intothe
windThereisacompletebreakupofthespraymaterial
Thedropletsaverageabout20micronsdiameterwithonly
afewaslargeas50micronsThematerialisnotdetectable
onthedyecardsanditisnotdetectabletoapersonunder
theplaneUniquefeaturesofthesystemarethatitoper
atesatnightataltitude500feetandwitha1000feet
swathwidth

IntestsatNewOrleans2ozofmalathionreleasedat
500ftaltitudein1000ftswathsproducedvirtually100
mortalityofcagesmosquitoesAlmostofalltheadultmos
quitoesinthis18000acreexperimentalapplicationwere
killed

TheNewOrleansMADanditspersonnelweresubjected
toatryingexperiencelastyearAnationallypublicized
trialresultedfromthedeathofJayneMansfieldinwhich
thedistrictwassuedfor587millionTherewere21attor

neysinvolvedintheIawsuitandweweretiedupinthepro
ceedingsforabout6weeksduringthefallof1969Iam
happytosaythatwewonthejurytrialandourpersonnel
wereacquittedonthechargeofcontributingthroughneg
ligencetothecauseoftheaccident

Louisianarecentlyestablishedastatevectorcontrolunit
oftheStateBoardofHealthThisispatternedafterthe
planemployedinCalifornia

IhadtheopportunitytomeetwithNASAofficialsin
theMannedSpaceCenterHoustonTexaswherethereis

anEarthResourcesDivisionThatagencyhasbeenusing
multipleexposurephotographyinmanydifferentfieldsof
valuetogeologistsagriculturistsetcThereisapossibility
thatthetechniquesmightworkformosquitocontrolsur
veysThepersonnelatNASAshowedussomeofthepic
turesthatweretakenfromApollo9inwhichfourcameras
wereusedsimultaneouslyeachemployingadifferentcorn
binationoffilmandfiltersoneusedblackandwhitefilm

withagreenfilteronehadblackandwhitefilmandared
filteroneusedblackandwhitefilmwithaninfraredfilter
andonehadcolorfilmwithaninfraredfilterEachofthese

differentsensingdevicesgaveadifferentrepresentationof
thescenephotographedemphasizingvaryingfeatures

WewouldencourageyouinCaliforniatolookintothis
programNASAhas4aircraftforusewiththistechnique
alsothereisaplantoemployitfromfuturemannedspace
stationsTheEarthResourcesDivisionissettingupthis
programnowandwefeelthatmosquitocontrolshouldbe
onthegroundfloorinplanningaheadtobenefitfromit



CURRENTSTATUSOFMOSQUITOCONTROLINTHEUPPERMIDWEST

AWBuzicky
MetropolitanMosquitoControlDistrict

StPaulMinnesota

Officialsresponsibleformosquitocontrolandmosquito
controlrecommendationsfromNorthandSouthDakota

MinnesotaIowaWisconsinIllinoisandMichiganwere
consultedrecentlyrelativetothesesubjectsintheirrespec
tivestatesThefollowingcommentssummarizethecon
clusionsoftheseofficials

A DrainingFillingWaterStabilization
WaterManagement

Thesepermanentcontroltechniquesareusedonlyspar
inglyinafewlocalitiesbycontroldistrictsinMinnesotaand
IllinoisIntheTwinCityareahoweverabout400breed
ingsitesareeliminatedeachyearduetorapidurbanization
ofruralareasandsimilarsituationsundoubtedlyprevailin
othermetropolitanmidwestcommunitiesCreationofper
manentdeepwatersumpsbyblastingordragliningnormally
drydepressionsforwildlifehabitatisbecomingverypopu
laranddoesrestrictAedesuexansproductionDrainingof
potholesandtilingforagriculturalpurposesisstillcontinu
ingandservestoreducesummer4edesbreedinginrural
areas

B BiologicalControl
Releaseofnativefatheadminnowstoselectedsitesis

conductedonalimitedscaleinMinnesotaandCarnbusia

similarlyintheChicagoareaMartinsswallowsandother
insecteatingbirdsareencouragedbutnoclaimismadethat
theycaneffectmosquitocontrolBiologicalcontrolsalone
areineffectiveforsupressingmosquitoesinthemidwest

C ChemicalControls

1Larviciding

Larvicidingissystematicallyandeffectivelycarried
outonlyinthebetterorganizedcontroldistrictsinIllinois
MichiganandMinnesotaWhenattemptedbylaypersonsin
smallcommunitiestheeffortsareinvariablyfailuresbe
causethesepeoplesimplydonotknowwhattheyaredoing
andalwaystakeintoosmallanareatopreventblowin
Themostcommonlyrecommendedandusedlarvicidesare
AbatemalathionandNo2fueloilwithlesserquantities
offenthionDursbanandFlitMLOusedApplications

aremadetosmallsiteswithgrassseedersknapsackspray
ersbackpackpowersprayersmistblowersandtolarge
siteswithfixedwingaircraftandhelicoptersCatchbasin
sprayingiscarriedoutonlyintheChicagoarea

2Adulticiding

IntheorganizedcontroldistrictsinIllinoisMichigan
andMinnesotaadulticidingissecondarytolarvicidingand
iscarriedonmainlywhenbroodsofledesmosquitoesare
notinthewaterTheprincipaladulticidesusedaremala
thionnaledandfenthionwithmethoxychlordichlorvos
DursbanandcarbarylusedtoamuchlesserextentInall
thestatescontactedDDThasbeenwithdrawnin1970for

allmosquitocontrolpurposesinmostofthesestatesithad
alreadybeenwithdrawnin1969oratleastgreatlyrestricted
forbothlarvicidingandadulticidingSincepracticallyall
oftherecommendedtoxicantsarenonpersistentfogappli
cationsarebecomingmorepopularthanmistblowerorhy
draulicsprayerapplications

Aerialadulticidingisstillmainlydonewithdiluteemul
sionspraysSomeuninformedaerialsprayerswithinade
quateequipmenthavehadsomeveryunfortunateexperi
enceswithULVapplicationswithregardtocarpaintspot
tingandbirdkillsinurbanareasInMinnesotahelicopter
ULVadulticideapplicationsofmalathionandnaledgive
generallyunsatisfactorykillsbecauseofthescreeningout
effectofoverstoryvegetationGroundULVapplications
totheshrubzonegiveexcellentkillsathalforlessthe
aerialapplicationrates

D General

InMinnesotathereisnoevidencethatledesvexansor

CulexpipienshavedevelopedanyresistancetoDDTmala
thionAbateorDursbanInlimitedareasaroundChicago
CpipienshasshownsomeresistancetoDDT

Inthemidwestthedegreeofmosquitocontrolobtain
ablewithnonpersistenttoxicantsdoesnotbegintoap
proachthatobtainedinthepastwithDDTorothermore
persistentcompoundsThelackofaprehatchmaterialhas
severelyhamperedearlyseasoncontroleffortsthedevelop
mentofasafeeffectiveslowreleasegranularformulation
suitableforprehatchapplicationwouldrevolutionizemos
quitocontrolinthemidwestCurrentlyusednonpersistent
insecticidesarenotonlymoreexpensivethanDDTbut
costsriserapidlybecauseofthenecessityformakingmul
tipleapplicationsFundingsourceshavebeenveryslowto
provideadditionalmoneytomeettheserisingcostswhile
environmentalpuristshaveinsistedoneliminationofthe
cheapermorepersistenttoxicants
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BIOLOGICALCONTROLOFMOSQUITOES STATUSANDOUTLOOK

ECBay
DivisionofBiologicalControlUniversityofCaliforniaRiverside

Asof1960manhadnotyetenteredspaceTodaywe
havetwicevisitedthemoonOnFebruary31960the
AIBSAmericanInstituteofBiologicalSciencesconvened
a2dayconferenceinWashingtonDCwithvariousmil
itarypestcontrolagenciestodiscussthebiologicalcontrol
ofinsectsofmedicalimportanceAIBS1960Progressin
thisefforthasbeensomewhatlessdramaticIn1960weat
leastknewwherethemoonwaswithreferencetotheearth

atanyparticularmomentThiswasmorethanweknowto
dayconcerningthefieldrelationshipofmosquitopopu
lationstotheirnaturalenemiesAttheendoftheWashing
tonconferenceconclusionsandrecommendationsthatwere
madespecificallyinregardtomosquitoesincluded1no
knownvirusesrickettsiaandperhapsbacteriaappearedto
offeranyimmediatepotentialforcontrolofmosquitoes2
fungiincludingBeauvariaEntomophthoraandespecially
Coelomomyceswereconsideredtohavethegreatestimme
diatepotentialandCoelomomyceswasrecommendedthe
highestpriority3onlyMicrosporidiaamongtheprotozoa
wasknowntocausehighlarvalmortalityThemostprom
isinggenerawereconsideredtobeNosemaThelohania
StempelliaandPlistophora4themermithidnematodes
werethoughttohaverealpromiseandsaidtodeservein
vestigation5studiesonthefieldeffectivenessoflarval
andadultpredatorswererecommendedespeciallyquantita
tivefieldassessmentsofToxorhynchitesandlarvivorous
fishesincarefullyselectedsitestogivevalidandcritical
data

Muchgoodcameofthismeetingininspiringnewinterest
inthebiologicalcontrolofmosquitoesandtheestablish
mentofnewprogramsOurbiologicalcontrolprojectsat
Riversidedirectedagainstpublichealthinsectswereinpart
aproductofthisconferenceSimilarprojectswerelater
initiatedatBerkeleyTheWorldHealthOrganizationsEn
vironmentalBiologyunitinGenevaSwitzerlandunderthe
formerdirectionofDrMarshallLairdamemberofthe
Washingtonconferencegreatlyenhancedinterestinnatural
enemiesofmosquitoesthroughdistributionofitsmimeo
grapheddocumentseriesandbysponsoringspecialistsas
consultantstodifferentcoultriesThisworkisnowfur

theredbytheWHOVectorBiologyandControlUnitIn
additionin1964theWHOasoestablishedanInternational

ReferenceCenterforDiagnosisofDiseasesofVectorsunder
thedirectionofDrJohnDBriggsatOhioStateUniversity
Otheraccomplishmentsincludepublicationin1964ofan
annotatedlistandbibliographyofpathogensparasitesand
predatorsofmedicallyimportantarthropodsbyDrDale
WJenkins1964andarevisionthatfirstappearedasa
WHOdocumentin1966byGerberichandLaird1968of
JBGerberichs1946annotatedbibliographyofpapers
relatingtothecontrolofmosquitoesbytheuseoffish
Thiscontributioncitedmorethandoublethenumberof

paperscitedintheoriginalwork

Inrecentyearsmostresearchinthebiologicalcontrolof
mosquitoesseemstohavebeendirectedatmosquitopatho
gensperhapsbecausesorelativelylittleisknownabout

themAmongthoseliteraturereferencespertainingtonat
uralcontrolagentsofmosquitoescitedinMosquitoNews
forthelast5yearsincluding196556or89outof158
aredevotedtomicrobesAmongtheremainingpapers26
concernpredaceousinsectsandspiders15refertonema
todes12concernfishand6coversubjectsrangingfrom
birdstomanateesMostofthesepapersarepurelydescrip
tiveofhostparasiteassociationsorindividualpredatorcap
abilitiesstudiedinthelaboratoryMostespeciallythose
dealingwithpathogensarebythesamefewauthorswork
ingeitheraloneorwithlittlesupportFewpapersconcern
findingsthatareofanyimmediatepracticalvalue

Onlylarvivorousfishessofarcanbeusedwithany
practicalityasbiologicalcontrolagentsofmosquitoesand
thenonlyinthosesituationsthatareconducivetosurvival
ofthefishatpreyregulatingdensitiesWithinthepast10
yearsincreasedattentionhasbeengiventotheuseoffish
especiallythelivebearersGambusiaaffinisandPoecilia
reticulataformosquitocontrolInHawaiiasreportedby
NakagawaandIkeda1969principalrelianceison
larvivorousfishesforthegreaterpartofthatStatesmos
quitocontroloperationThefishconcernedareGaffinis
PreticulataLvittataandTilapiamossambicaThefirst
3speciesarelivebearersanddirectlarvivoresandthelast
Tmossambicaisconsideredabiosynergistthatbyreduc
ingweedsandalgaemakeslarvaemoreavailabletoother
fishNakagawaandIkedafindthatfishseededatarateof
1000to2000fishperacreusuallymultiplysufficiently
within68weekstogivecompletemosquitocontrol

InIranprimarilyontherecommendationofMrTD
Mulhernwhowastherein1965asaWHOconsultant
widespreaduseisnowbeingmadeofGaffinisinthat
countrysmalariacontrolprogramTheprojectissaidby
TabibzadehunpublishedreportWHOtobeshowingex
cellentresultsinthereductionofexophilicAnopheles
species

InBangkokSasaetal1965reportedwidespreaduse
oftheguppyPreticulatabytheInsectandMosquitoCon
trolSectionoftheDivisionofPublicHealthBangkokMuni
cipalityforCfatiganscontrolingroundpoolsbe
neathlowincomehousingThevalueofthesefishwasob
servedbythiswriterduringaWHOconsultantshipto
BangkokandRangoonBurmainOctober1967Asare
sultofthatconsultantshipintroductionsofPreticulata
weremadeintoCfatigansbreedingsitesinRangoonal
thoughotherpopulationsofthisfishwerediscoveredal
readyestablishedthereThesepopulationshavenowbeen
monitoredbyWHO FiliriasisResearchUnitfor2years
Larvalcontrolhasbeenoutstandingwherefishpopulations
alreadyoccurredbutithasbeenlessdistinguishedwhere
introducedpopulationshavebeenhavingdifficultybe
comingestablished

InCaliforniawherepracticalGaffinishasbeenusedby
mosquitoabatementdistrictsforsolongthatitcomesal
mostasasurprisetolearnthatthesefisharejustnowbeing



exploitedinsomewesternareasApopulationwasestab
lishedattheAirForceAcademynearColoradoSpringsin
1966andatCarsonAirForceBasein1968Atthetown
ofFountainColoradonearColoradoSpringsamassrear
ingeffortisunderwayinartificiallyheatedpondstopro
ducelargepopulationsofGaffinisduringthewinterfor
earlyspringdistributionPestControl1969 InNew

MexicoatLasCruceswhenin1967Aedespopulationsin
drainageditchesandfloodseepageareasbegantodevelop
highOPresistancetheDonnaAnaCountyHealthDe
partmentturnedtoGaffinisandothertopminnowsThe
projecthasbeensosuccessfulthatthecountyhasdeveloped
asmallbiologicalcontrollaboratoryforadditionalfish
studiesandhasreceived20000statesupportforits1969
70operationMillerpersonalcommunication

Formanyyearsinsecticideshavebeenamagnificent
toolformosquitocontrolTodayhoweverasidefromthe
concernforenvironmentalpollutiontheproblemofbroad
scaleinsecticideresistantmosquitostrainsisaseriousone
notonlyforCaliforniasCentralValleybutalsoforthe
WorldHealthOrganizationsmanyprogramsAsaconse
quenceinformaldiscussionswereheldlastDecemberin
Genevatoconsideralternativeapproachesforvectorcon
trolprimarilymosquitoesThediscussionslastedforone
weekandinvolvedspecialistsfromtheUnitedStatesCan
adaGreatBritainandAfricaSomeoftheparticipantshad
alsobeenmembersoftheAIBSconferenceinWashingtonin
1960Afterbroadlydiscussingtheproblemsofmosquito
controlingeneralthegroupdiscussedcriticallytherelative
meritsanddisadvantagesofwhataretodaythoughttobe
themorepromisingnaturalagentsandalternativemethods
formosquitocontrolAscomparedwiththerecommen
dationsoftheAIBSconferencein1960recommendations
oftheWHOgroupincludethefollowing1developcul
turemethodsfortheAedeslethalbacillusBA068dis

coveredbyDrELReevesoftheDivisionofBiological
ControlatRiverside2developmethodsofproducing
Coelomomycesandobtaininginfectionswithit3develop
culturemethodsforRomanomermisnematodesfordistri
butionaseggs4developproductionmethodsforTox
orhynchitesbrevipalpisorotherToxorhynchitesforproper
pilottrials5developwellorderedpilotfieldtrialswith
livebearingfishesandannualfishesinselectedhabitatsIt
willbeobservedthattheserecommendationsparallelvery
closelythoseoftheAIBSconferencein1960exceptthata
bacillusisnowseriouslyconsideredandmicrosporidiaare
leftoutThebacillusunlikemostpathogensisreadilyin
fectivecanbemassproducedonartificialculturemedia
andhasalreadyshownpromiseinverysmallfieldtrials
Otherareasofinvestigationthatthegroupconsidered
worthyofsupportincludefurtherstudiesofalgalextracts
suchasdescribedintheworkofAmonkarandReevesthat

wasreportedherethismorningandstudiesofmosquito
larvacrowdingpheromonesbyIkeshojithataretobere
portedlaterattheconferenceIpersonallyconsiderthese
lasttwoprojectsthealgalsubstancesandthecrowding

pheromonestobeespeciallyworthyofsupportBothof
thesesubstancesarechemicalsnaturaltotheaquaticen
vironmentatsometimeorotherandassuchcanhardlybe
consideredpollutantsintheconventionalsenseMoreover
thesearechemicalcompoundsthatshouldbesubjectto
synthesiswhereupontheyholdthepromiseofstoragedis
persibilityandrangeofapplicationcommontootherinsec
ticidesTheonethingneededforalloftheseprojectsis
adequateanddeterminedsupport

Themoonlandingsin1969weretheaccomplishmentof
asuperblyorganizedeffortthatemployedthousandsof
dedicatedspecialistsfundedbytensofbillionsofdollars
Theyear1969culminatedanillustriousdecadeforphysics
chemistryandengineeringThedecadeofthe70sthat
wearenowenteringisshapingupstronglytobeasdedi
catedtoecologyandtosavingthequalityofourenviron
mentTowhatextentthiswillaffectusinmosquitocon
trolremainstobeseenItishopedhoweverthatthisat
mosphereofconcernwillpromotemoredeedsthanwords
inassessinghowwhenandwherethebiologicalcontrolof
mosquitoesaswellasofotherinsectpestscanbeaccomp
lished
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Systematicsdealswithmorethan1millionspeciesof
animalsthemajorityofwhichareinsectsTheorderDip
teratowhichmosquitoesbelongisoneofthe4largestin
theclassInsectaThefamilyCulicidaecontainsabout2500
describedspeciesandthereforeratesasamoderatelylarge
family

Ingeneralthetermsystematicsincludeseverything
relatingtospeciesandtheirplaceintheschemeofthings
Thereforeevolutionbiologyecologyandgeographicaldis
tributionareallpartofthesubjectImportantsubdivisions
areclassificationfamilygenusspeciesetcandnomen
claturenamingofthevariouscategories

Theimportanceofcorrectidentificationiswidelyrec
ognizedInfacttaxonornyisthecornerstoneofscience
Thefirstquestionaskedbyachildorbyascientistis
Whatisit Whenthatisansweredcorrectlyfactscanbe
accumulatedaboutitandworthwhilecommunicationof

assembledinformationispossible Therearemanyex
amplesofconfusionresultingfromincorrectidentifications
Itisnowknownthatmosquitolarvaemaydifferintheir
reactionstoinsecticidesbyasmuchas35timesThisac
countedformanyearlyandpuzzlingfailuresintreatments
ofpondswhichcontainedlarvaeofseveralspeciesOnein
terestingsituationoutsidetherealmofmosquitoesisthe
recentdiscoveryofacornaarwormHeliothisstomblerithe
mothofwhichisexternallyindistinguishablefromthewell
knownuniversalpestHeliothiszeaeAtleast2otherspe
ciesaredifficulttodistirguishfromthecornearwormas
adultmothsIneconomicstudiesutilizinglighttrapsto
determineseasonalabundanceandflightrangescientific
resultsdemandaccuratedeterminationofthemoths

Thisbringsupanotherproblemofspecialconcernto
economicentomologistsincludingmosquitoabatementper
sonnelWhyarenamechangesnecessarySituationsas
describedabovewithdiscoveryofspeciescomplexesare
oneanswerInotherwordsthecornearwormof50

yearsagoisnowknowntobe3or4speciesWehaveseen
thishappenalsoinmosquitoeswhereCulexapicalisis
nowknowntoinvolve4speciesinCaliforniaSimilarly
Aedesvaripalpushasbeenshowntobeacomplexcon
tainingAedessierrensisandthetruevaripalpusdoesnot
evenoccurinCalifornia

Anothersourceofchargeisthediscoveryofnamesante
datingthoseinuseTheInternationalRulesofZoological
NomenclaturegiveprioritytothefirstdescribedThuswe
haveseenCulexstigmatosonragivewaytoCulexpensand
CulisetamaccrackenaechangetoCulisetaparticepsWhere
importantagriculturalormedicalinvolvementsoccurthe
InternationalCommissionmayuponrequestplacethreat
enednamesonanofficiallistofNominaConservanda
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SYSTEMATICSOFMOSQUITOES

RichardMBohart

DepartmentofEntomologyUniversityofCaliforniaDavis

Accordingtothewellknownsynopticcatalogofmos
quitoesbyAlanStoneandotherspublishedin1959some
450authorshavecontributedsignificantlytomosquitosys
tematicsTheirstudiescanbegroupedinto3majorperi
odsbeforeWorldWar11duringWorldWar11andafter
WorldWar11Unquestionablythisconflictwasresponsible
foragreatresurgenceofeffortinmosquitosystematicsas
largenumbersofentomologistsconcentratedoninsectsof
medicalimportance

Publishinghasbeendoneinagreatvarietyofjournals
especiallythosedealingwithpublichealthorparasitology
butevenmoregeneralonessuchasProceedingsoftheEnt
omologicalSocietyofWashingtonandAnnalsofthe
EntomologicalSocietyofAmericahavebeenfrequentre
cipientsofpapersMosquitoNewshastakensomepart
butitsspecialvaluetosystematistsisthetaxonomysec
tionundercurrentliteratureAninterestingnewdevelop
mentstartedbyKennethLKnightatNorthCarolinaState
UniversityistheMosquitoSystematicsNewsletterde
votedsolelytosystematicsItisnowstartingitssecond
year

Aquicklookatmosquitospeciesshowsthattheapprox
imately2500speciesarearrangedin110generaandsub
generaOftheseAedeshas23subgeneraCulexhas16
subgeneraandAnopheleshas6subgeneraInmanyother
insectssubgeneraofthesizeanddistinctnessofthosein
AedeshavelongsincebeenraisedtothegenericlevelThis
haspracticalvaluebutsomedrawbacksInanycasetradi
tionandsentimentalityhaveheldbacktheelevationofdi
visionsinAedesandotherlargemosquitogenera

Aninterestingfacttocontemplateisthattherearegen
erallyfewerspeciesofmosquitoesasonemovesfromthe
equatortothepolesThusBrazilhasabout365described
speciesthePhilippines240Californiaabout50theso
calledfrozennorthasfewas4andtheArcticCircle
faunaonlyLTotalnumbersofspecimensdonotfollow
thisprogressionhowever Theexplanationofthelarge
numbersofspeciesintropicalareasliesinthecorrespond
inglygreatnumberofecologicalnichesavailable

Muchhasbeenpromisedtomosquitosystematicsby
newapproaches Chromosomestudiesserologyandpa
perchromatographyhaveallmadecontributionsforwhich
wearegratefulYetbecauseofthetimerequiredforsuch
detailedstudiestheseandothernewmethodshavesofar

justscratchedthesurfaceAnotherapproachisnumerical
taxonomyThisdoesnotcontributetrulynewinformation
butseekstoclarifysystematicsbyanobjectiveandcom
puterizedlookatproblemsThisalsoisquitetimecon
sumingSofarthenumericistshavebeenlargelyconcerned
withdevelopingmethodologyHopefullytheywillmake
realcontributionsinthefuture



ECOLOGICALSTUDIESOFMOSQUITOESASSOCIATEDWITHCALIFORNIARICEFIELDS
APROGRESSREPORT

Thepurposeofthisreportistosummarizebrieflythe
statusofstudiesontheecologyofmosquitoesassociated
withCaliforniaricefieldsThestudiesareconcernedwith
twoareas1tostudytheecologyofthelarvaeofCulex
larsalisandAnophelesfreeborniinthericefieldenviron
ment2tostudyAnophelesfreeborniintheadultstage
withemphasisonthefallwinterspringperiodsinareas
awayfromaswellasnearthericefieldenvironmentThe
ultimateobjectiveistoseekthemosteffectivemeansof
controllingthetwomosquitoesassociatedwithriceculti
vationinCalifornia

EcologicalStudiesintheRiceFieldEnvironment
Acomparisonwasmadebetweenanaquaticlighttrap

havingfourlateralentranceswiththeconventionaltrap
Husbands1967whichhasasingleverticalentranceBoth
typesoftrapswereoperatedonenightaweekforeight
consecutiveweeksTheadvantagesofthemodifiedtrap
werethoughttobethegreateraccessibilityprimarilytoor
ganismsfoundonthesurfaceieanophelinesandgreater
easeforoperatinginricefieldswhereshallowwaterculture
ispracticedNoobviousqualitativeorquantitativeadvan
tageswereobservedinthemodifiedtrapItattractedCrus
taceansaswellastheunmodifiedonesbutslightlylessof

someoftheaquaticinsectsThetrapdidnotcollectA
freebornioranymoreneustonanimalsthandidtheun
modifiedtrap

Studiesoninsectpredatorsofmosquitoesinricefields
intheSacramentoValleywerecontinuedInparticularthe
giantwaterbeetleHydrophilustriangulariswasstudiedin
tensivelythisyeartolearnitsseasonalcycleandfeeding
patternThefeedingpatternofthisbeetlewasstudiedby
examiningthedigestivetractof786larvaecollectedfrom
ricefieldsin1966and1969InsomeinstancesCtarsalis

larvaewerefoundinthedigestivetractofthebeetlelarva
butchironomidmidgesandseedshrimpsOstracodaap
pearedtobethemainfooditemfortheseimmaturebeetles
Theevidencesofarindicatesthatthesebeetleswillfeedon
foodanimalsthataremostabundantandavailableThe

beetlelarvaewerepresentinthericefieldsfor12weeksin
1966andforeightweeksin1969buttheyneverbecame
asabundantasothermembersofthefamilyHydrophilidae
ieTropisternuslateralisFeedingbyadultsappearsto
belimitedtoplantmatters Theopportunisticfeeding
patterntherelativelylimitedabundanceandseasonaldis
tributionofHtriangularisinricefieldsindicatethatthis
speciesisnotaprimaryfactorincontrollingmosquitoesin
ricefieldsDetailsofthisstudyarediscussedinanother
reportVeneskiandWashino1970

Laboratorystudieshavebeeninitiatedtodeterminethe
tolerancelevelsofinsectpredatorstopesticidescurrently
usedformosquitocontrolpurposesinCaliforniaricefields
Earlyresultsindicateconsiderablevariabilityintolerance
levelsexhibitedbydifferentspeciesofpredaceousbeetles

RKWashinoPAGiekeandWAhmed
DepartmentofEntomologyUniversityofCaliforniaDavis

Thetolerancelevelsforthefourspeciesofbeetlespresently
beingstudiedareallhigherthanlevelsforbothAfreeborni
andCtarsalis

RicefieldsintheSacramentoValleyofCaliforniaare
beingstudiedtodeterminewhyGambusiaaffinisbecomes
establishedwitheaseinsomericefieldsandonlywithdif

ficultyinothersThespeculationthatwaterqualityie
excessiveboronisthelimitingfactorinricefieldsincer
tainareasisbeinginvestigatedAnalysisoftheirrigation
waterforboronnitrateandammonianitrogentotalphos
phateetcsofardoesnotindicatethatchemicalfactors
arealimitingone

ThefeedingpatternofGaffiniswasstudiedfromfields
wheremosquitocontrolwasandwasnotbeingachieved
todeterminewhythesefishreducethemosquitopopulation
toagreaterextentinonefieldmorethaninothersPre
liminaryresultsarediscussedelsewhereAhmedetal1970

EarlierCaliforniastudieshaveshownthatsomemortality
isencounteredbyGaffiniswithmaterialssuchasparathion
Lewallen1959Mulla1961Tominimizesuchmortality
thefeasibilityofutilizinganorganophosphateresistant
stockofGaffinisFergusonetal1966isbeingconsider
edLocalstrainsofthemosquitofisharebeingtestedto
determinetolerancelevelsagainstatleastfourorganophos
phorouscompounds Preliminaryresultsindicatethat
strainsoffishsofartestedshowsometolerancetopara
thionandconsiderabletolerancetomethylparathion
ThesetestsarediscussedfurtherelsewhereAhmedetal

1970

StudiesonOverwinteringAnophelesfreeborni

Studiesontheeffectsofdecreasingphotoperiodon
physiologicalchangesintheoverwinteringAfreebornife
maleswerecontinuedFemalesrearedundershortdaycon
ditionexhibiteddiminishedbitingactivityandweremore

apttoundergoreproductivediapausethanfemalesreared
underlongdayconditions

Sincesomebloodfeedersarefoundwiththenonblood
feedersinthefallwinterfieldpopulationacomparisonwas
madeofthelipidcontentandsurvivalratesinthetwo
groupsBloodengorgedfemaleswhichdevelopedmature
eggsdiedmostlywithinthefirst30daysandconsiderably
earlierthanfemalesfeedingonsugarorbloodengorged
femaleswhichwereinareproductivediapauseNodiffer
encesappearedtoexistbetweenthelattertwogroups
Smallbutratherconsistentdifferenceswereobservedin
lipidcontentofbloodandsugarfedfemalesrearedunder
shortdayconditionsTherewasinsufficientevidenceto
supportthepossibilitythatabloodmealisclearlyadvan
tageousordisadvantageoustotheoverwinteringfemaleIn
studiesontheoverwinteringfieldpopulationofAfree
borninodifferenceinparitywasobservedbetweenblood
andnonbloodfeedersMcKennaandWashino1970
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PROGRESSREPORTONTHEMOSQUITOCONTROLRESEARCH
ANDOPERATIONALGUIDEPROJECTBYPERSONNELOFTHE

AGRICULTURALENGINEERINGDEPARTMENTUNIVERSITYOFCALIFORNIADAVIS

NormanBAkesson

Fundswerereceivedinthesummerof1969fromseveral

mosquitoabatementdistrictsintheSacramentoValleyto
aidtheAgriculturalEngineeringDepartmentpersonnelin
developingoperationalproceduresforaircraftuseinmos
quitocontrolparticularlyasitrelatestothelargeacreage
problemsinnorthernCaliforniaPlansweredevelopedto
firstestablishcertainlimitationsofaircraftflightheight
weatherconditionsswathwidthsdosageratesandatomiz
ingequipmentwhichcouldformthebaseforrecommenda
tionsandbedevelopedintoanoperationalguideoruse
manualThefieldresearchandlaboratoryprogramwasde
signedtoobtainsufficientfieldtestinformationsothatasa
computermodelwasdevelopedwecouldmakepositive
checksagainstthemodelbythesetests

During1968aseriesoftestswererunintheColusaarea
onesetinBakersfieldwhichopenedtoquestiontheprob
lemofcontrollingdepositofspraysreleasedfromheights
upto2000ftThedataobtainedfromtheseindicatedthe
feasibilityofsuchrunsforbroadlyspreadingmaterialsand
manyobserverswereconvincedthatthecontrolofthe
spraydepositcouldbeachievedwithouttoogreatadiffi
culty

HoweverplotsofthePibalpilotballontrackingdone
duringthe1968testsindicatedtheseriousvariabilitythat
wastobefoundinawindvelocitygradientfromground
surfaceto2000feetasmuchas20mphdifference10ftto
2000ftbconsiderablevariationanddependenceonthe
temperaturegradientstablevsturbulentairandtheim
plicationsofdownwindairtransportinvolvedwiththissee
dataTable1andcthevariabilityofwinddirectionfrom
surfaceto2000ftelevationwhereasmuchasa90degree
windshifthasbeenseen

Thesetestsin1968andfromsimilarweatherdatawe
haveaccumulatedoveraconsiderablenumberofyearsof
fieldtestsmadeusfeelthatsprayreleasesabove500ft
werebasicallyunpredicatbleevenunderstableatmospheric

McKennaRJandRKWashino1970Parityoffallwinterpopu
lationsofAnophelesfreeborniintheSacramentoValley
CaliforniaapreliminaryreportProcCalifMosqControl
Assoc389293

MullaMS1961Fieldstudiesonthetoxicityofinsecticidesto
mosquitofishGambusiaaffinisJEconEntomol541237
1242

VeneskiRandRKWashino1970EcologicalstudiesofHrdro
philustriangularisSayinthelaboratoryandinaricefield
habitatapreliminaryreportProcCalifMosqControl
Assoc389495

AgriculturalEngineeringDepartmentUniversityofCaliforniaDavis

conditionsandshouldnotbeusedonanoperationalbasis
Thuswefeltthatamoreorderlyexaminationshouldbe
madebyconductingfieldstudiesonthisdrifttypeofair
craftapplicationandcollectingdataonasmanyofthevar
iablesinvolvedinthisoperationaspossiblewhileholding
othersasnearconstantasitislikelytobepossibleinfield
testingTheobviousgainsinswathwidthandacreagecov
eredmakethisespeciallyattractivebutmorepredictability
certainlywasneeded

StepOneFieldTests

During1969aseriesof6testrunsweremadesome
replicatedwith2standardflatfantypenozzlesoneat60
andoneat80psiandonewithaveryfinespraytwin
fluidorairatomizingtypeOnlytwoapplicationheights
wererunoneat5to10feetandtheotherat25to30feet

Alowvolatilityglycerolwithsoluablefluorescentdyetra
cerwasusedasaspraymaterialanddischargerateswereat
1to2gpmorequivalenttoafewouncesperacredepending
onwhatswathwidthwaschosenTheaircraftwasaPiper
Pawnee150equippedwithanelectricpumpdrivesystem
andspecialairtanksandairatomizerstwinfluidwereused
forthefinesprayrunsWeatherwasusuallystableunder
eveninginversionconditionswithlowwindsof3to5mph

Wetriedtoproducespraysoftheorderof150to250
micronsVMDvolmediandiawiththefannozzlesaimed
downorperpendiculartotheairstreamandoperatedat
60to80psiWehopedthatthefinespraysystemwould
giveus50to75micronsVMDFurtherlaboratorytesting
onaccuratedropsizingwillbeneededtodeterminewhat
sizerangeweactuallyproducedastheviscousglycerolwas
noteasilyatomizedTheweatherconditionsatthetimeof
sprayapplicationstheatomizationorfinenessofthespray
plusthenonevaporativeformulationofthespraywouldbe
thecontrollingfactorsaffectingthedepositdistributionon
thesetestsEvenfromtheheightof5to10feetthedown
windfalloutofthespraywiththecoarsestnozzle80015



indicatesseeTable11200ugftat50ft100ugat200ft
and5ugat1000ftThenextfinersprayM20at80psi
indicates1400ugftat50ft180ugat200ftand10ug
at1000ftwhilethefinestspray2850twinfluidat25ft
altitudeandundertemperatureinversionconditionsshows
2100ugftat50ft240ugat200and26ugat1000ft

Thestrongeffectoftheweatherconditionscanbeseen
inthe2850nozzleat5ftand08SRstabilityratioThe
higherSRthegreaterthetemperatureinversionwhileSR
lessthan10indicatesturbulentormixingairThusthis
rununderturbulentormixingweathershowslowlevelsof
400ugat50ftandonly50ugat200ftbutholdingupto
5ugat1000ftandgettinghigherthanthecoarsestsprayat
5000ftwith07ughaving03ugevenat10000ftdown
wind

ThedataonTable2correspondstorunsofTable1by
showingtheairburdenoraircarriedamountsatseveral
downwindpointsto5milesforthesamerunasTable1
Nowthefinestsprayandhighestheighthasalsothegreat
estairtransportwith105ugathmileandstill3ugat5
milesThe5ftheight2850nozzlerunwithturbulent
weathershowsabouththeairbornelevelsoftheinversion
runwiththesameatomizationThetwofannozzlerunsat

Table1 DownwindtracerdepositonMylarsheets108inperpassofaircraftflownonasinglecourse

Downwindft

Noz altft SR psi
2850 25 55 60 2100 700

M20 5 93 80 1400 500

80015 5 88 60 1200 320

2850 5 08 60 400 120

Downwindmiles 12

Noz altft SR psi
2850 25 55 60 105

2850 5 08 60 31

M20 5 93 80 2

80015 5 88 60 9

2850aretwinfluidairandliquidnozzlesandused

M20issimilartoan8002

Stabilityratio

50 100

60psiand80psishowairbornematerialatlevelsinkeeping
withfinenessofthespraywiththe80psiabout2times
higherthanthe60psirunatallpointsItisevidentthat
inversionweatherisdesirablefordrifttypewideswath
runs

Becausewearegettingsharpdropinthefalloutresidue
of3to4timesbetweenthe50and100ftstationsevenat
25ftaltitudeitwouldappearthatafinersprayandhigher
altitudeshouldbetriedintheteststhis1970seasonThe

rateofdyeapplicationworksouttobeabout01lbacre
forthe1000ugftcollectionthusat250ugftthere
wouldbeabout0025Ibsacre Examiningthedataof
Table1wecanseethatthefinesprayat25ftaltitudegave
usa200ftswathat0025lbsacrebutthedropoffofthis
from02lbsacreatthe50ftleveldoesnotgiveverygood
swathdistributionItisevidentthatfurthertestsofthis

typewhichincludesaircarriedmaterialinformationneedto
berunUnfortunatelyourinswathdatatakenwithone
galloncanswaslostduetoreactionoftheglycerolwiththe
tinofthecan

Weplantocontinuethesetestsandalsoparticipateina
seriesoffieldmosquitotrialstoberunintheColusaMos
quitoAbatementDistrictin1970

200 500 700 1000 2000 5000 10000

240 70 43 26 10 22

180 40 20 10 3 5

100 20 10 5 11 2

50 12 9 5 2 7

Table2 Airburdencollectedonglassfiberfiltersperpassofaircraftflownonasinglecourse Totalug4in
diafilter Flowrate20cubicfeetperminute

1 2 3 5

5 3 3 3

2 16 15 15

85 4 3 2

32 2 18 17

60psionbothairandliquid

10

12

04

3
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StepTwoOperationalAnalysis

Theoperationalguidehasstartedwiththesimplerela
tionsofaircraftandnozzledischargeorcalibrationtech
niquesandhasprogressedthroughtoinformationrelating
tooperationalefficiencyfordifferentaircraftloadsswath
widthsrateofapplicationferrydistanceandairspeed
Thedataoftheaircraftoperajonswillbeputtogetherwith
thedataonswathwidthsprayatomizationandweather
andweexpecttogeneratecomputerstudiesrelatingthese
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functionstotheoveralluseofaircraftinmosquitocontrol
workasthenextstepinouroverallproject

Wewillplantohavethefirstpartoftheguidemanual
asseparatesheetsassoonaspossibleWewillbecontinuing
ourworkonthecomputerprogramforpredictionofswath
widthandalsototalspraybudgetorpercentrecoveryso
thatameasurenotonlyofdepositedspraycanbemade
butalsoameasureoflossestotheatmosphereandthegen
eralenvironmentcanbeobtained

MEASURINGSUSCEPTIBILITYOFAIOPIIELESFREEBORAIAITKEN
TOORGANOPHOSPHORUSLARVICIDES

DonJWomeldorft

Introdaction

TheCaliforniamosquitolarvicidesusceptibilitysurveil
lanceprogramconductedcooperativelybylocalmosquito
controlagenciesandtheCaliforniaDepartmentofPublic
Healthmonitorsdevelopingresistanceinimportantmos
quitoesAnophelesfreebornioneofthemajorspecieshas
receivedinsufficientattentioninthepastbecauseofthe
difficultyincollectinglateinstarlarvaeinadequatenum
berstopermitcomprehensivetesting Attemptsto
rearthemoreeasilycaughtearlyinstarlarvaeusingpro
ceduressuccessfullyemployedwithCiderspporAedes
sppwerenotsatisfactorybecausethelarvaediedorwere
obviouslyweakened

OneoftheresearchprogramsconductedbytheUniver
sityofCaliforniaisaimedatelucidatingtheecologyofrice
fieldmosquitoes Sincepartofthemajoreffortinthis
programinvolvedrearingAfreeborniinlargenumbersin
thelaboratorytheaidoftheseworkerswasenlistedto
overcomethedifficultyofobtainingadequatenumbersof
lateinstarlarvaetopermitcomprehensivetestingofinsec
ticidesusceptibility

Thispaperdescribesproceduresusedtocollectrearand
test1freebornilarvaeasappliedduring1969anddraws
upontheirresponsestoparathionforsomeexamplesCom
pletetestingresultstodatewillbepublishedelsewhere

MaterialsandMethods

StudiesintheUniversityofCaliforniaricefieldmosquito
ecologyprojectinvolvevarioustestsonprogenyoffield
collectedadultsLarvaewhichcouldbesparedfromtests
wereutilizedforsusceptibilitydeterminationAdultfe
maleswereperiodicallycollectedfromanareanearMeri
dianSutterCountyadjacenttotwomosquitoabatement
districtsOver500mosquitoespercollectionwerecaught
withamechanicalaspiratorasdescribedbyBailey1966

Bloodengorgedandgravidfemaleswereisolatedinlarge
glasstesttubespartiallyfilledwithwaterandsealedwith
cottonplugsFemaleswerehelduntileggsweredeposited
inthewater Fieldcollectedfemaleswhichcontained
neitherbloodnoreggswereplacedinacagemadefroma

1BureauofVectorControlandSolidWasteManagement California

StateDepartmentofPublicHealthSacramento

2DepartmentofEntomologyUniversityofCalifornia Davis

andRobertKWashino

threegalloncardboardcontainerthetopofwhichwas
coveredwithnylonmeshWhitemicewereusedforblood
feedingandasasupplementaryfoodsourcepadssoaked
in20sucrosesolutionwerealsoprovidedAsmalldish
oftapwaterwasleftinthecageforoviposition

Eggsovipositedintheglasstubesordishesweretrans
ferredtoenamelpanscontainingtapwaterUntiltheeggs
hatchedaglasscoverwasplacedoverthepantominimize
evaporationandthewaterwaskeptveryshallowAfter
hatching50to75larvaeweretransferredtoanuncovered
enamelpanThelarvaewererearedwithoutaerationand
fedpulverizedGainesnonfatdogfoodThedogfoodwas
obtaineddirectlyfromthemanufacturerpriortothefat
beingaddedasinthecommercialpreparationTherearing
roomwasmaintainedat7880Fandlightedfor16hours
perday

Tohavesufficientnumbersoffourthinstarlarvaeavail
ablefortestingatonetimeitwassometimesnecessaryto
restrainpupationbyholdingtheearlyfourthinstarsina
55Fcabinet

Fieldcollectionsoflarvaefortestingweremadeasdes
cribedbyGilliesandWomeldorf1968Afreeborniare
notoriouslysparselydistributedunderfieldconditionsand

soagreatmanydipswerenecessarytoobtainanadequate
numberAnylonmeshbaglarvalconcentratorwasused
withdebrisbeingremovedfrequentlysincethelarvaewere
foundtobequitesusceptibletodamagewhencrowdedby
accumulatedfloatingmaterialTheyweremostsafelytrans
portedtothelaboratoryinonehalftooneinchdeepwater
inanicechestwithouticeasquicklyaswasfeasibleLar
vaewereobtainedfromButteSutterYubaandPlacer
CountiesallinthecentralandlowerSacramentoValley
Thesourceswerewithinandadjacenttomosquitocontrol
districts

Inthelaboratorytheywerehandsortedbyusingan
eyedropperpipetteFourthinstarlarvaeweretestedim
mediatelywhilesmallerlarvaewererearedasdescribed
aboveLarvaltestprocedureswereasdescribedbyGillies
andWomeldorfibidAconservativecriterionof mor

talitywasusedsincethelarvaerespondedrathererratically
whentouchedwithaprobeOnlylarvaethathadverydef
initeinabilitytomovenormallywhenprobedwerecounted
asmoribund
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Figure1 Parathionresponsesof4thinstarAnophelesfreeborni
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ResultsandDiscussion

Figure1showstherangeoflogconcentrationprobit
linesdeterminedagainstparathiononlarvaeobtainedas
fieldcollectedfourthinstaronfieldcollectedsmalllarvae
firstthroughthirdinstarsrearedtothefourthstageand
asfourthinstarprogenyoffieldcollectedadults

Withineachgrouptheslopesofthelineswhichreflect
varianceswithinthetestpopulationsdidnotdiffersignifi
cantlyThedifferencesbetweenslopesofthethreegroups
werestatisticallysignificantTherewasgreatervarianceof
responseamongthefieldcollectedfourthinstarlarvaethan
amongthoseinthefourthstagerearedfromfieldcollected
smalllarvaeasshownbytheflatterslopesThevariance
ofresponseofprogenyoffieldcollectedadultswasinter
mediate

ThegreatestrangeofmeanlethalconcentrationLC50
levelsoccurredintestsoffieldcollectedfourthinstarsIn

additionthisrangebracketedtheLC50rangesfortheother
twogroups

Theresultsofthesedeterminationsdemonstratethatlab

oratoryrearedlarvaeobtainedasearlyinstarlarvaeoras
theprogenyoffieldcollectedadultstendtoshowpara
thionLC50levelssimilartofieldcollectedfourthinstar
larvaeHowevertheslopesoftheirresponselinescanbe
expectedtobesteeper

1 1

003

Concentrationppm

i

1it11111 1 1 1 1 11111

01 03 10

ItappearsthattestsofAfreebornifourthinstarlarvae
rearedinthelaboratoryeitherfromfieldcollectedsmall
instarlarvaeorasprogenyoffieldcollectedadultscanbe
utilizedinthemosquitosusceptibilitysurveillanceprogram
Theinformationobtainedcanbecomparedwithdatade
velopedbytestingfieldcollectedfourthinstarlarvae
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InsecticideresistanceinAeriesnigromaculisisaproblem
onwhichtheFresnoLaboratoryhasdevotedmajorstudies
forseveralyearsIntheprocessofevaluatingdozensof
candidateinsecticideswehavefoundageneralrelationship
betweenthedegreeofresistanceandtypeofcompound

AChlorinatedHydrocarbonsSincechlorinatedhydro
carbonshaventbeenusedforcontrollingAnigromaculis
formanyyearsthequestionisfrequentlyraisedasto
whetherornotthefieldpopulationshavelosttheirresis
tancetothisclassofcompouidsThepresentorganophos
phorusresistantstrainsarealsoresistanttochlorinatedhy
drocarbons Whilemostchlorinatedhydrocarbonscould
notbeusednowbecauseofresidueproblemsthereisone
compoundmethoxychlorwhichdoesdegrade Unfor

tunatelyresistancetomethoxychlorisalsohighTable1

BOrganophosphorusCompounds Theorganophos
phorusresistantstrainsshowsometolerancetoeverynew
organophosphoruscompoundwhichwehavetestedThere
isconsiderablecrossresistancetocompoundswhichhave
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Insecticide LC50ppm

methoxychlor 057

parathion 0035

Sumithion 0020

fenthion 0013

Dursban 00070

EPN 0011

Akton 0099

Cidial 0035

bromophos 0099

Bay77488 0024

Ciba9491 0037

Furadan 093

RE11775 0042

LC50RstrainLC0Sstrain

Failedat01lbacreagainstRstrain

ASSOCIATIONOFINSECTICIDESTRUCTUREAND
RESISTANCEINAEDESNICROMACULIS

CharlesHSchaeferandWilliamHWilder

UniversityofCaliforniaFresno

Table1 Insecticideresistancelevelsforledesniromaeulislarvae

Susceptiblestrain

aclosestructuralsimilaritytoparathionegSumithion
Significantorganophosphorusresistanceoccursinthe
adultaswellasinthelarvalstageTable2

CCarbamatesBothlarvaeandadultsoftheorgano
phosphorusresistantstrainsshowonlylowdegreesoftol
erancetocarbamatesTables1and2Thuscarbamates
appeartoofferpromiseascontrolagentsbutwecanalso
expectcarbamateresistanceafterseveralyearsoffielduse

RelationshipBetweenLaboratoryResistanceLevels
andFieldPerformance

Frompastexperiencewehadknownthatwhenaresis
tantpopulationofAnigromaculisshowedover5times
toleranceLC50RstrainLC50Sstraininlaboratorytests
operationalfailureswouldbeexpectedButwhatdoesa
3to4foldtoleranceinlaboratorytestssignifyToevalu
atethisquestionweselectedBay77488andAkton
whichbothshowed3foldlarvaltoleranceandCidial
whichshoweda7foldtoleranceTable1forcomparative

Resistantstrain

LC50ppm

115

23

15

012

0048

0053

026

024

12

0062

043

12

009

Resistance

ratio

20

66

75

9

7

5

3

7

12

3

12

13

2



Table2 InsecticideresistancelevelsforAedesnigromaculisadults

Insecticide LC50

parathion

fenthion

Dursban

Dibrom

Baygon

Furadan

RE11775

Susceptiblestrain

017

0068

0031

0054

011

020

0093

solutionappliedtofilterpaper

LCS0RstrainLC50SStrain

fieldevaluationsAllapplicationswere01lbperonehalf
gallonofwaterperacreappliedbyaircraftBay77488gave
excellentresultsagainstasusceptiblestrainEastSide
MADhoweverasimilartestagainstanorganophosphorus
resistantstrainTulareMADresultedin8090control
eventhoughapplicationconditionsweregoodAktonin

Itisanestablishedfactthataninsecticideusedeffec
tivelyagainstonestageofaninsectsuchasthelarvae
wouldnotnecessarilybeusefulagainstadultsandvice
versa Thisphenomenonhasbeenwellknownsincethe
daysofthearsenicalsbutittendedtobeoverlookedduring
theperiodofuseofthewidespectrumchlorinatedhydro
carboninsecticidesDDTlindaneanddieldrinHowever
thatfactagainbecameapparentwiththeadventoftheor
ganophosphatesandcarbamates

InTable110commoninsecticidesarerankedinorder

ofdecreasingtoxicitytoAnophelesalbimanuslarvaeand
adultsSomeoftheseinsecticidesareratedashighlytoxic
tobothlarvaeandadultsforinstanceDursbanisthe
mosttoxicofthesecompoundstobothstagesofthemos
quitoAlsoDDTfenthionbromophosandmalathionare
allaboutastoxictolarvaeastoadultsIncontrastAbate
isaveryeffectivelarvicidebutanineffectiveadulticideAt
theotherextremepromecarbandpropoxurBaygon
PartoftheresearchreportedherewassupportedbyPublicHealth
ServiceresearchgrantCC00301fromtheNationalCommunicable
DiseaseCenterAtlantaGeorgia

Resistantstrain

LC50

78

15

015

062

017

028

015

CONSIDERATIONSONTHERELATIONSHIPOFLARVALANDADULTTOLERANCE
TOINSECTICIDESINMOSQUITOES

GPGeorghiou
DepartmentofEntomologyUniversityofCaliforniaRiverside

Resistance

ratio

460

22

5

11

16

14

16

twoseparatefieldtestsinvolving15acreseachgaveonly
7080mortalityoforganophosphorusresistantlarvaeand
Cidialgaveonlyabout40mortalityTulareMADThus
fororganophosphoruscompoundsresistancelevelsof3to
4foldinlaboratorytestsaresignificantwithrespecttothe
moreresistantfieldpopulationsofAnigromaculis

arerelativelyweaklarvicidesbutgoodadulticides

Sinceorganophosphatesandcarbamatesaffectthein
sectsnervoussystemmainlybyinhibitingcholinesterase
andsincetheenzymeispresentinbothlarvaeandadults
onemightexpectthateachmaterialwouldexhibitthesame
relativetoxicitytobothstagesoftheinsectThisisindeed
thecasewhentheextentofenzymeinhibitionismeasured
invitrointissuehomogenatesButinthelivinginsectthe
situationmaybequitedifferentprimarilybecausethein
vivotoxicityofagiveninsecticideisgreatlyinfluencedby
therateatwhichthechemicalreachesthesiteofaction
withintheinsectThereforefactorssuchasthechemical
stabilityofthecompoundinwaterairsunlightonplants
orothersurfacesitsrateofpenetrationthroughtheintegu
mentoftheinsectanditsactivationandmetabolismwith
intheinsectallinfluencetheamountoftoxicchemical

thatreachesthesiteofactionThussincemosquitolarvae
andadultsliveindistinctlydifferentenvironmentsitisnot
surprisingthattheperformanceofaninsecticidemightdif
ferinthesetwosituations

Thattheobservedtoxiceffectisthenetresultofseveral
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interactingratessuchashydrolysispenetrationmetabol
ismetcisillustratedinthefollowingexamplesTheseare
takenfromourworkonlysinceitisnotmyintentionat
thistimetoreviewtheextensiveliteratureonthesubject

StudiesontheextentofknockdownoflarvaeofCulex

quinquefasciatusexposedtopropoxurFigure1 topin
dicatethataplateauisreachedwithin8to12hoursAt
thispointtherateofaccumulationoftheinsecticidewith
intheinsectmustbeequaltoorjustbelowtherateofits
metabolismbytheinsectThispointisreachedmoreslow
lywithsomeinsecticidesthanwithothersasshownbythe
resultsobtainedwithcarbofaranFuradan Figure1
bottomIfthelarvaearetrznsferredtocleanwateraftera
briefexposuretopropoxursomeofthemrecoverbecause
thepenetrationisnowwellbelowtherateofmetabolism
Figure2 Thisismoreobviousintheresistantstrain
whichcontainsagreatersupplyofpropoxurmetabolizing
enzymes

Asimilartrendhasbeenobservedinadultmosquitoes
Removaloftheinsectafterabriefexposuretotheresidue
ofcarbamateinsecticideresultsinpartialrecoveryfrom

Table1Rankingofvariousinsecticidesinorderofdecreas
ingtoxicitytolarvaeleftandadultsrightofAnopheles
albimanusWied

LarvalLC50
PPm

0006 Dursban

0011 Abate

0012 Fenitrothion

0015 DDT

0016 Fenthion

0034 Bromophos

0092 Dicapthon
0100 Malathion

0230 Propoxur

0300 Promecarb

56

Dursban

DDT

AdultLC50
ugcm

018

023

Promecarb 055

Propoxur

Bromophos

Fenthion

082

095

120

Fenitrothion 280

Malathion 43

Dicapthon 69

Abate 160

Figure1 Cumulativemortalityofsusceptibleandpro
posurresistantlarvaeofCquinquefasciatusatvarioustime
intervalsduringcontinuousexposuretopropoxurBaygon
andcarbofuranFuradanAfterShrivastavaetal1970
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Figure2Recoveryofsusceptibleandpropoxurresistant
larvaeofCquinquefasciatusatvarioustimeintervalsfol
lowingshorttermexposuretopropoxurBaygonAfter
Shrivastavaetal1970
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knockdown Butifanorganophosphorousinsecticideis
usedinsteadnorecoveryoccursbecausethelatterinhibits
cholinesteraseirreversiblyThisrathersimplisticinterpre
tationtouchesononlyafewofthefactorsinfluencingnet
toxicityItisrecognizedthatmanyotherfactorscontribute
significantlyandthattheirinteractionsarecomplexWin
teringham1969

Sincetheperformanceofaninsecticideineachlifestage
isinfluencedbyseveraldynamicfactorsthequestionmay
thenbeaskedwhetherthedevelopmentofresistanceinone
stagesuchasthelarvaewouldbeaccompaniedbyanequi
valentdegreeofresistanceintheadultstageTheanswer
dependsonwhichfactorsareresponsibleforresistanceWe
nowhavesufficientevidencethatanincreaseintheefficacy
ofametabolizingenzymeinlarvaeisaccompaniedby
roughlythesameincreaseinadultsThusifresistanceis
duetometabolismalonebothlarvaeandadultswouldbe
expectedtobeaboutequallyresistantHoweveralthough
metabolismisindeedtheprimarymechanismofresistance
inmostofthecasessofarexaminedothermechanismsare

knowntoexistwhichincertaininstanceshaveaprofound
influenceontheobservedlevelofresistanceForexample
atwofoldreductionintherateofpenetrationoftheinsec
ticideintotheinsectmayenablethemetabolizingenzyme
tocopewithconsiderablylargerdosesoftheinsecticidein
theenvironmentthustheinsectmanifestsamuchhigher
levelofresistanceEvidenceisavailablealsothatreduced
penetrationintolarvaedoesnotnecessarilymeanreduced
penetrationintoadultsandviceversaReductionincuticu
larpenetrationappearstobeconfinedlargelytothespecific
lifestageoftheinsectagainstwhichselectionpressurehas
beendirectedThusinastrainselectedwithpropoxurin
thelarvalstagethelarvaeweremoreresistantthanthe
adultswhileinasisterstrainselectedintheadultstagethe
adultsweremoreresistantthanthelarvaeFigure3How
everwhenboththelarvalandtheadultstagesofastrain
wereselectedresistanceofnearlyequalmagnitudedevelop
edinbothlifestagesTable2

Theevidencecitedindicatesthatitispossibletohave
unequaldegreesofresistanceinlarvaeandadultsifthetwo
lifestageshavebeensubjectedtodistinctlydifferentde
greesofselectionpressureWerecentlyhadtheopportun
itytoexaminethisquestionunderfieldconditionsincon
nectionwithresistanceinCu1extarsalisGeorghiouetal
1969Reportedfailuresofcommonlyusedlarvicidesto
givecontrolincertainareasraisedthepossibilitythatdirect
treatmentofadultsmightbecomenecessaryifthesehad
movedintoresidentialareasfurthermorethequestion
arosewhetheradultfieldpopulationsofthisinsectwere
resistanttothesameinsecticidesastheirlarvaeTable3

indicatesthedegreeofresistanceinlarvaeofCtarsalis
fromtheMelgaReservoirareaSanJoaquinValleyascom
paredwiththeaveragesusceptibilityoflarvaefromuncon
trolledareaslyingoutsidetheboundariesofmosquitoabate
mentdistrictsThesusceptibilityofadultCtarsalisfrom
theMelgaReservoirareaisshowninTable4Intheabsence
ofadequatenumbersofadultsfromuncontrolledareasthe
resistancelevelswerecalculatedwithreferencetoalabora

torystrainwhichhadbeenrearedunderinsecticidefree
conditionssince1956Itisobviousfromtheseteststhat

Figure3 Comparativeresistancetopropoxurinlarvae
topandadultsbottomofstrainsofCquinquefasciatus
selectedbypropoxurpressureinthelarvalstrainPro
poxurLandadultstrainPropoxurAstagesAdapted
fromGeorghiouetal1966

9

00

50

50

20

Compound

Propoxur

Carbofuran

Malathion

Fenthion

Fenitrothion

Propoxur

1

Conc pm

2

01 1 10

Concentrationligcm

Georghiou1969

Suscept
P1 Selected

LC50PMLarvae

0355 104F30 30

0207 027F31 13

0322 0277F30 09

0028 6028F30 10

0046 0051F20 11

LC50ppmAdults

038 132F24 35

6

5

4

100

Table2ChangesinsusceptibilityinAnophelesalbimanus
Haitiselectedwithpropoxuri

Resistance

Ratio
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SincethequestionofresistanceinCtarsalishasoccu
piedourthoughtsthroughoutthismeetingIshallnowat
temptverybrieflytoprovidesomerecommendationsfor
afuturecourseofactionBeyondanydoubtanecological
approachtotheproblemofmosquitocontrolisoverdue
Themorelimitedtheuseofinsecticidestheslowertherate

ofdevelopmentofresistance Butuntilweknowmore

abouttheinsectanditsinteractionwiththeenvironment

weareforcedtodependlargelyonthejudicioususeofin
secticidesinthegeneralcontextofintegratedcontrolCon
cerningthechoiceofsuitableinsecticidesmay1suggest
thatwecontinueaslongaspossibletouseorganophos
phatesratherthantochangetocarbamatesAvailabledata
indicatethatthedegreeofresistanceinCtarsalisvaries
fromoneareatoanother Fenthionmethylparathion
EPNDursbanandAbatecontinuetobeeffectiveinmany
localitiesItwouldbeunwiseIbelievenottoexhaustthe
usefulnessofthesematerialsbeforemovingontothecar
bamatessuchamovewouldopenthedoorforresistanceto
thisgroupofinsecticidesaswell

Imightalsoventurethepredictionthattheperiodof
usefulnessofcarbamateswhentheyareusedagainstorgan
ophosphorusresistantpopulationswillberathershort
crossresistanceatvariouslevelsdoesoccurbetweenorgano
phosphatesandcarbamatesForexampleselectionwith
fenitrothionproducedahighlevelofresistancetoproposur
almostashighasthatproducedbyselectionwithproposur
itselfGeorghiouandCalman1969Figure4Andwhen
resistancetocarbamatesdoesdevelopitisnotconfinedto
theselectingcarbamatealonebutextendstoavarietyof

Insecticides Susceptible Resistant RS structurallyrelatedcompoundsGeorghiouetal1966

Table3Cuextarsalis ComparisonofLCvaluesof
larvaefromsusceptibleurcontrolledandresistantMelga
Reservoirareas

Susceptible Resistant

Insecticides LC95 Slope LC95 Slope RS

Malathion 074 41 1359 12 1836

Parathion 0051 44 08033 157

meParathion0061 50 09724 159

Fenthion 0067 47 05631 84

Dursban 0012 38 05419 450

Abate 00067 61 02324 343

Table4Culextarsalis ComparisonofLCvaluesof
adultsfromsusceptiblelabandresistantfieldMelga
populations

Abate 2640 5000 cc

Malathion 608 3072 505

Fenthion 86 56 651

Dursban 3 109 363

Naled 115 24 21

Dichlorvos 4 67 17

Propoxur 51 147 29
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Georghiouetal1969

Georghiouetal1969

LCmicrogramcm

bothlarvaeandadultsoftheMelgastrainarehighlyresis
tanttoAbatemalathionfenthionandDursbanAcom

parisonbetweentheadultsothislaboratorystrainandthe
fieldstrainwasevidentlyvalidsinceonlyasmalldifference
wasnotedintheirsusceptibilitytothreecompoundsthat
havenotyetbeenusedextersivelyformosquitocontrolin
CalifornianamelynaleddichlorvosandpropoxurThese
comparisonsoflarvalandadultresistanceindicatethat
undertheconditionsprevailinginCaliforniainsecticideuse
hasoperatedagainstbothlifestagesofthisspecies

Figure4 Larvalresistancetopropoxurinstrainsof
Cquinquefasciatusselectedbypropoxurtopandfenitro
thionbottompressure
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Thereforeletuslimittheuseofinsecticidestoadegree
ofabsolutenecessity Andwhilewestillcontinueour

searchformorespecificbiodegradablelesshazardousin
secticidesletusintensifyoureffortstounderstandthe
insectanditsenvironmentWeshallbemoresuccessfulin
thelongrun
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Theneedforincreasedresearchtocopewiththeproblem
ofresistanceinCaliforniamosquitoesismuchgreatertoday
thaneverbeforeThepicturepaintedbeforeushereby
thepanelmemberslooksrathergrimNotonlyarewefaced
withtheproblemofdevelopmentofresistancetomaterials
usedinoperationalprogramsbuttheproblemismuch
moreaggravatedbythesimultaneousappearanceofcross
toleranceinboththepasturemosquitoAedesnigromaculis
LudlowandtheencephalitismosquitoCulextarsalisCoq
intheCentralValleytomaterialsscarcelyusedinmosqui
tosuppressionprogramsinCaliforniaInviewofthesere
centdevelopmentsduringthe1969seasonweshouldtake
anewlookatplanningbothourresearchaswellasactual
operationalactivities Researchshouldbeaimedtoward

findingdiversemethodologiesandthesemethodologies
whendevelopedandperfectedshouldbeemployedwhere
everpractical

Itshouldbeemphasizedthatresearchandresearchers
arenotinapositiontofindanddevelopasingleshot
approachtothevariedmosquitoproblemsinCalifornia
Developmentofanidealmaterialwhichcostslittleyetkills
allsusceptibleandresistantmosquitoescanbeappliedat
46ozperacreandyetnotcausedriftproblemsisnon
phytotoxicsafetoapplicatorsandnontargetorganisms
andonewhichcanbeusedeverywhereisoutoftheques
tionSimilarlyfindingofapathogenorotherbioticcon
trolagentswithallthedesiredattributesisbeyondour
presentcapabilitiesItthereforebecomesimperativethat
allavenuesandallpossibilitiesbeexploredfordeveloping
anintegratedandcoordinatedmosquitocontroltechnology

Letmepointoutthatifwehavetocontrolmosquitoes
theuseofsyntheticornaturallyoccurringcompoundswill
playamajorroleinthesuppressionprogramsofbothpest
andvectormosquitoes Howeveritshouldbebornein

mindthatnonchemicalmethodsofcontrolshouldbefully
investigatedandutilizedinconjunctionwithchemicalmeth
odswheneverpossible Anoutlineofpossibleresearch
areaspertainingtotheeverincreasingproblemofresistance
developmentinsomeofourwidelydistributedmosquitoes
ispresentedbelowThisoutlineisbynomeansallinclusive

MirSMulla
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GeorghiouGPPAGilliesandDJWomeldorf1969Culex

tarsalisCoquilletDetectionofresistancetoparathion
methylparathionfenthionDursbanandAbateinamala
thionresistantpopulationCalifVectorViews16115118

GeorghiouGPRLMetcalfandFrancesEGidden1966Car

bamateresistanceinmosquitoesSelectionofCulexpipiens
fatigansWiedemann CquinquefasciatusSayforresistance
toBaygonBullWldHlthOrg35691708

ShrivastavaSPGPGeorghiouRLMetcalfandTRFukuto
1970CarbamateresistanceinmosquitoesIIThemetabol
ismofpropoxurbysusceptibleandresistantCulexpipiens

fatigansWiedlarvaeBullWldHlthOrgInpress
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actionAnnRevEntomol14409442

FURTHERRESEARCHRELATINGTOMOSQUITORESISTANCE

butsuggestssomeimportantareasofneededresearch
A ThresholdPopulations

MosquitocontrolinCaliforniaismainlydirectedagainst
thelarvaeThethresholdlarvalpopulationdensitycorres
pondingtoathresholdadultpopulationhasnotbeenes
tablishedThethresholdpopulationdensitywillofcourse
varyfromplacetoplaceoraccordingtocircumstancesThe
relationshipbetweenlarvaldensityandadultproductionin
mosquitoesbreedinginimpoundmentsisinfluencedby
numerousfactorsForexampleheavypopulationsof1st
to3rdinstarlarvaeofCtarsalismaynotyieldlargepopu
lationsofadultsinsituationswherepredaceousfishorin
vertebratesareprevalentinthebreedingsourceInsucha
casetheprevalenceofthepupalstagemightbeagoodin
dexofadultemergence

Theapplicationofchemicallarvicidestoanytypeof
breedingsourceharboringyounglarvaeisnotasoundap
proachtothecontrolofimpoundmentmosquitoesStudies
areneededtoestablishtheefficacyofsuchtreatmentson
theyieldofadultmosquitoesratherthanagainstthelarval
populationsBasedonpreliminarydataitisverylikely
thatnotallsourcesharboringlarvaewillyieldsignificant
numbersofadultmosquitoesAreductioninthenumber
ofmosquitobreedingsourcestreatedwithlarvicideswill
eventuallyresultinavoidingunnecessarycostandpossibly
delayinthedevelopmentofresistance

B SurveillanceandCharacterizationofResistance

Inordertopredicttheefficacyofnewlydevelopedma
terialsitisdesirabletostudythecrosstolerancepattern
ofresistantstrainsFailuresofcurrentlyemployedcom
poundsmaybeeitherduetotheappearanceofresistance
orduetofactorsbeyondthecontroloftheapplicatorTo
ruleouttheinfluenceofthesefactorslevelofresistancein
thehardhitareasofthestateshouldbemonitored

C ScreeningofNewMaterials

Eventhoughwemightbeabletodevelopandformulate
appropriateoilamineformulationsitisstillproblematicto
employtheseformulationsundermanyvariedconditions
Throughregularlaboratoryandfieldscreeningprogramsit
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isverylikelythatwemightbeabletofindeffectivecom
poundswhichwillbeactiveagainstresistantstrainsorhave
adifferentmodeofactionagainstmosquitoesthanthose
materialswhichhavebeenandarebeingusedinmosquito
controlprogramsinCaliforniaItisthereforenecessary
thattheinitiallaboratoryandfieldscreeningprogramsbe
expandedwiththeobjectivesoffindingeffectivematerials
againstanumberofspeciesofCaliforniamosquitoes

D ResistanceProofChemicals

Sincethethreemajorclassesorganochlorineorgano
phosphateandorganocarbarnateofinsecticidesareprone
tothedevelopmentofresistancestudiesonthedevelop
mentofmaterialswhicharepotentiallyresistanceproof
shouldbevigorouslypursuedItisimperativethatwehave
suchachemicalinourarsenaleventhoughwemightbein
clinedtousesomeofthemoremodernandquiteeffective
materialsbelongingtotheorganophosphateororganocar
bamateclassofcompoundsTheuseofpetroleumoils
aliphaticaminesandsomeofthebotanicalsmeritsserious
consideration Petroleumoilsandaliphaticaminesoffer
thebestpossibilitiesforuseinsituationswhereresistanceto
modernsyntheticmaterialsisaperennialproblemTheoils
andaminesdonothavethesamemodeofactionasmodern

syntheticinsecticidesandarenotsubjecttocrosstolerance
FieldevaluationoftheseagainstbothresistantCtarsalis
andAnigromaculisshouldbeaccomplishedDevelopment
ofappropriateformulationandapplicationequipment
shouldattractattentionOncethismethodologyisdevel
opeditcanberelieduponwheneverthedevelopmentof
resistancetotheotherinsecticidesdisruptsoperational
programs

E HabitatManagement
Habitatmanagementshouldinvolvealterationofthe

breedingorrestingsitesinsuchamannerthattheyare
compatiblewithwildlifeardfarmingpractices Source

eliminationutilizingdrainageanddryingupofwetlandsis
undesirablefromthestandpointofconservationandwild
lifeinterests

TheTulareUnionHighShootannuallyholdsaseriesof
forumprogramsdirectedespeciallytoteachersandparents
butallpeopleofthecommunityareurgedtoattendAp
proximately1000adultsattendthesemeetingsAtare
centmeetinganexcellentfilmwaspresentedonbirdsand
othernonhumanwildlifealongtheCaliforniacoastfrom
SanFranciscotoBigSurThespeakerrepeatedlyreferred
tothedamagecausedbypesticidestotheseanimalsHe
statedfurtherthatpelicanshadalreadybeenexterminated
alongtheGulfcoastasaresultofpesticidesusedinthat
area

AlongtimeresidentoftheGulfcoastareahasstatedto
methatpelicansdidoccurthereandthattheywerenow
extinctButhestatedthatahurricaneabout1948wiped
outtheirrestrictedbreedinggroundsandthatinsecticides
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Oneareaofresearchinvolvesinvestigationoftherela
tionshipofpasturemanagementtomosquitoproduction
Inirrigatedpastureswatermanagementthroughreduced
waterusageandincreasedwaterpercolationmayresultin
theproductionoffewermosquitoesSimilarlyclosegraz
ingoftheforagebyanimalsormowingofthegrassmayre
sultinopenpastureswhicharelessproductiveasfarasmos
quitoesareconcernedInsuchpastureschemicaltreat
mentsarelikelytobemoreeffectiveduetoincreasedpen
etrationbydropletsorgranulesofthesparseandshort
plantcover

F DevelopmentofCompoundsfromBiologicalSources

Compoundsproducedorderivedfrombiologicalagents
suchasalgaltoxinsbacterialtoxinsovipositionattractants
overcrowdingfactorsmucilaginousseedsandotheractive
compoundsofbiologicaloriginshouldbeactivelyresearch
edThepotentialuseandcommercialexploitationofsuch
compoundsshouldbeinvestigatedbeyondthelaboratory
stage

Recentlyseveralsuchdiscoverieshavebeenmadeinour
laboratoriesontheRiversideCampusSemifieldandfield
evaluationofthesesubstanceswillshedlightonthecom
mercializationofsuchcompoundsDuetothecomplex
natureofthesecompoundsmuchresearchandeffortsare
neededtodevelopthesesubstancesforpossibleuseinmos
quitocontrolprograms

G StudiesontheRoleofBioticControlAgents
Thereisnodoubtthatavarietyofinvertebrateand

vertebratebioticcontrolagentsplayamajorroleinthereg
ulationofourmosquitoesbreedinginpermanenttosemi
permanentbodiesofwaterAnunderstandingofthecom
plexinterrelationshipsamongtheseagentsandmosquitoes
willprovideabasisfortheformulationofanefficientinte
gratedmosquitocontroltechnology Theroleofthese

bioticagentsintheregulationofmosquitoaswellasnon
targetpopulationsshouldbefullyinvestigated

INTERRELATIONSHIPOFCMCAAMCAANDDISTRICTS

WDMurray
DeltaMosquitoAbatementDistrictVisalia

hadnothingtodowiththeirdemiseManyspeakersand
writerswhohaveexpressedoppositiontopesticideshave
beenstatingpartialtruthsmisinformationoroutright
falsehoodsAnewsreleaseinNovember1969quoteda
TulareCountydoctorasclaimingthatof58childrentested
inthatcounty27showedsignsofpoisoningbyorganic
phosphatepesticides Thisdoctorwouldnotwaitfora
scientificanalysisofthetestsbutwasanxioustoobtain
publicityThereforehemustbeaccusedofissuingliesAn
analyticalstudyshowedthatnochildrenwereaffectedby
phosphateinsecticidesNewspaperreportersonoccasion
maybeequallyguiltysincetheyapparentlyhavealegal
righttomakestatementswithoutanyresponsibilityfor
producingsupportingfacts

LeadershipisveryimportantinthisstruggleDramatic



leadersmaygatheralargefollowingeventhoughtheymay
expressonlypartialtruthsandmayactuallyleadtheirnaive
followersdownaroadtodestructionasoccurredinthe
caseofHitlerSomeoftheantipesticideleadersarejustas
viciousandjustasdangerousLifeisacompetitivestruggle
andtheCMCAmusttakeanaggressivepositiontodissem
inateatruestorywhichwillassurethebestinterestsofthe
peopleOurpresentpopulationexplosionisnottheresult
ofanincreasingbirthratebutratherthedramaticsavingof
livesthroughtheuseofchemicalssuchasDDTandother
insecticidesforthecontrolofhumanandcroppestsand
suchaspenicillinforthecontrolofbacteriaetcHowdo
wecombattheantagonistsandpresentthetruthsEduca
tionThedispersalofinformationinallusefulavailable
ways

Unfortunatelysomeofwhathasbeenprovidedtothe
publichascontainederrorsdueeithertolackofknow
ledgeortoaninertiaonthepartofauthorstolookupthe
factsTheCaliforniaStateTextforthe6thgradeKeep
ingHealthy states themosquitolaysmanymillions
ofeggsinafewmonthsShelayshereggsinquietstagnant
waterThatkindofwaterisusuallydirtyandfulloffilth
Butafemalemosquitocannotlaymorethanafewhundred
eggsinalifetimethemosquitoagainstwhichthegreatest
controleffortiswagedinCalifornialaysitseggsonmud
neveronwaterandmostmosquitoesinCaliforniaspend
theirlarvalstagesinreasonablecleanwaterAnotherpar
agraphinthistextisentitledHowtheMosquitoSpreads
BacteriaItstatesWhenamosquitobitesapersona
fewdropsofbloodaresuckedintoitsbodyIfthesefew

TheLegislativeCommitteeoftheCaliforniaMosquito
ControlAssociationcompletedthefollowingLegislative
Programin1969SeveralLegislativeBillssponsoredbythe
CMCAwereapprovedbytheLegislatureandsignedbythe
GovernorandarenowlawofCalifornia

1AssemblyBill121whichinvolvestheincreaseof
Trusteesinlieuexpensesfrom25to35wassigned
bytheGovernorApril221969andwentintoeffect
November101969Thislegislationappliedonlytomos
quitoabatementdistrictsandnottopestabatementdis
trictsItwouldappearthatlegislationmightbeintroduced
toequalizemaximumofinlieuexpenses The1970

LegislativeCommitteeshouldexplorethedesiresofthe
pestabatementdistricts

2SenateBill126whichinvolvesstateresponsibilityfor
nuisancesonstatelandwaspassedThisBillwasamended
tomeetobjectionsofcertainstateagenciesandwiththe
approvaloftheCMCAInanycasestateagenciesarere
sponsibleforcontrollingmosquitoesonstatelandswhen
requiredwiththeStateHealthDepartmentasthearbiterof
requiredworkWilliamHazeltineistobecongratulatedfor
theprincipalworkonthislegislation

1969CMCALEGISLATIVECOMMITTEEREPORT

JamesWBristow

SoutheastMosquitoAbatementDistrictSouthGate

dropsofbloodhavediseaseproducingbacteriainthemthe
nextpersonthemosquitobiteswillreceivesomeofthese
bacteriaintohisbloodAlthoughthemosquitohasbeen
demonstratedtobeavectorofmanyvirusesprotozoaand
wormsithasneverbeenchargedwithspreadingdisease
producingbacteriaHowcanstudentshaverespectforthe
wordsofauthoritiesiftheseauthoritiesstatesomany
errorsoffact

Thereisaneedforaccurateeffectivecommunicationto
thepublicandespeciallytostudentsLocalcontroldis
trictsshouldhelpbutsupportfromCMCAandAMCAis
essentialCertainlythereisgreaterneedthaneverfora
good coordinatingand informationdispensingcentral
officebothinCMCAandAMCA

AMCAestablishedanewcommitteein1968 World

wideMosquitoVectorControlProgramLiaisonCommittee
tofilltheneedforaninternationallyorientedorganiza

tiontoaidinthedisseminationofinformationonmosquito
andvectorcontrolthroughouttheWorld

TheCMCAhastakenstepstoprovideamoreuseful
moreactivecentralofficeCertainbasicprintingequipment
hasbeenobtainedandmanyitemswhichcouldnotbe
producedinthepastbecauseofalackoffundsordirection
shouldbeproducedinthefutureThecontinuingproduc
tionfromthisofficeshoulddemonstratethewisdomofthe

stepstaken Alltrusteesandmosquitocontrolworkers
shouldjoininapositiveleadershipsothattheunitedvoice
ofallwillbeeffectiveinproducingbetterworldwidevector
control

3UsageofInjuriousMaterialsInsecticidesandInjur
iousHerbicidesreportingrequiredThislegislationwasnot
opposedbytheCMCAsinceitwasfeltthatinformationof
thistypewouldbehelpfultoallconcernedwhetherGov
ernmentconservationorotherparties

4SenateBill1430Thiswaspopularlyknownasthe
NejedlyBillorAntiDDTBillTheCMCAopposedthis
BilloriginallyduetograveweaknessesintheoriginalBill
andbecauseitwasconvincedthatthesponsorsofthisleg
islationapproachedthesubjectfromanemotionalstand
pointratherthanfromawellreasonedstandpointTheBill
passedtheSenatebutwasdefeatedintheAssemblyThis
typeoflegislationisemotionallysatisfyingtoagreatnum
berofLegislatorsandismostpopularwiththepeoplein
generalEveryeffortshouldbemadethatoppositionfrom
thestandpointoftheCMCAbecarefullyhandledtothe
endthataminimumundesirableimpactbemadeonall
Legislators

5AssemblyBill325 DisclosureofAssetsThislegis
lationknownastheUnruhBillwaspassedbytheLegisla
tureandsignedbytheGovernorAsofnowitwould
appearthatTrusteesofalldistrictswouldhavetofileadis
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closureoftheirassetsinaccordancewiththelawpriorto
April151970Legislationhasbeenproposedinthecur
rentmeetingoftheLegislaturetopassanemergencymea
suremodifyinglastyearslegislation

6CMCAResearchCommitteeMembersGordonSmith
andMelvinOldhamhavehadBillsintroducedbySenator
MarlerforResearchFundirnplementationsfortheUniver
sityofCaliforniaCollegeofAgriculturalSciencesandthe
UCSchoolofPublicHealthArbovirusFieldStationsas
wellasacompanionBilltcprovideadditionalsupportive
positionsfortheBureauofVectorControl The1970

LegislativeCommitteewillworkonthislegislationandob
tainlegislatorcosponsors

7AssemblyBill988ThisBillprohibitsthedischarge
intheatmosphereofspecificaircontaminantsbyaircraft
foraperiodofover10secondsinanyonehourTherewas
somequestionwhetherthiswouldaffectsprayoperations
bymosquitoabatementdhtrictsTheintentoftheBill
wastoregulatethedischargeofsmokeyexhaustbycom
mercialaircraftapproachingairportsAssurancewasgiven
thattheBillwouldnotaffectsprayoperationsofmosquito
abatementagenciesTheBilwaspassedandisnowlaw

8AdditionalBillsofinterestincludethefollowingthat
arenowlaw

aSanitarianregistrationfee SB402Chapter267
ShermanRequiresapplicantsforsanitariancertificationex
aminationtopayanonreturnable15feeforeachsuchex
amination

AconcernhasbeenexpressedateachrecentConference
thatthetrainingareainmosquitocontrolisnotadequately
metbythelocalprogramsTheBureauofVectorControl
BVCwhichwasformedin1947waschargedwithare
sponsibilitytoassistlocalmosquitocontrolagencies
throughasubventionprogramAlthoughthesubvention
programdwindledandfinallywaseliminateditnevertheless
didhelpdevelopmanyofthelocalmosquitoabatement
agencies In1946therewereonlyabout30agenciesin
Californiacoveringabout5000squaremileswhiletoday
thereareover60agenciescoveringover40000square
miles

Inthelate1940sandearly1950stheBureauofVector
Controlconductedaratherintensivetypeofinservicetrain
ingprogramDuringthattimeandsincethenmanyde
velopmentshaveoccurredinthisfieldBy1952themos
quitoesdevelopedahighlevelofresistancetothechlorin
atedhydrocarboninsecticidesAbigwateryearandmild
springfavoredveryhighpopulationsofCulextarsalisanda
realoutbreakofencephalitisensuedwithover800reported
casesand50deathsAtthepresenttimemosquitoesare
demonstratingahighresistancetoorganophosphorusinsec
ticidesAlsoawaveofpublicsentimenttodayconcerning
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INSERVICETRAININGPROGRAM

RichardFPeters

BureauofVectorControlandSolidWasteManagement
CaliforniaStateDepartmentofPublicHealth

bWaterquality AB412Chapter800Porter
Makestechnicalcorrectionsclarificationsandadditionsto
theWaterQualityControlActof1969AB413

cWaterquality AB413Chapter482Porter
Revisesgenerallylawsgoverningwaterqualityandwater
pollutioncontrol Appropriates84000toStateWater
ResourcesControlBoardforpurposeofactOperative
January11970

dCaliforniaConferenceofLocalHealthOfficers

AB997Chapter545FongAuthorizestheCalifornia
ConferenceofLocalHealthOfficerstoconsultwithadvise
andmakerecommendationstoprescribedgovernmentaland
otherbodiesandofficialsinadditiontotheStateDepart
mentofPublicHealthaspreviouslylimited

ePesticides AB1209Chapter1413PateePro
videsthatbeforepesticideapplicationismadetheappli
catorshallbeinpossessionofwrittenrecommendation

IwouldalsoliketoaddthatallTrusteesareurgedto
maintainagoodclimateoftrustandfriendshipwiththeir
locallegislatorsInthiswaylegitimateneedsinthepublic
interestofmosquitocontrolagenciesaremorelikelytobe
supportedbyourstatelegislativebodies

InconclusiontheChairmanwishestothankthemem

bersoftheLegislativeCommitteefortheirinterestand
supportandworkontheCommitteeandforthefineback
ingreceivedfromtheBoardofDirectorsandmembership
oftheCMCA

theenvironmentmaycausesuchquestionstobeaskedany
oneofyouragencyoperatorsAreyouheretopoisonme
andmyfamily orAreyouheretokeepmyfamilyfrom
gettingencephalitis

Theslantednewspapercoverageaboutpesticidesandthe
generalfailuretopresenttothepubliccompletewelldoc
umentedinformationandevaluationofthepesticideprob
lemwillrequirelocalstaffstopossesstechnicallycorrect
factsreadyfordisseminationtoallwhoshouldbeinformed
ButwhataboutthesestaffsAtpresentthereisnoformal
trainingprogramprerequisiteformosquitocontrolperson
nelthereforeyoungmenmustbetrainedonthejobto
obtainskillsfortheirtasksTheBureauofVectorControl

andthelocalmosquitocontrolagenciesshouldsharere
sponsibilityforagoodinservicetrainingprogramNoone
shoulddoubtthatmoreattentionmustbegiventothismat
terthanhasbeendoneinthepast

Anotheraspectofthisquestionhasbecomeincreasingly
importantasindicatedbypoliticalactivitiesinContra
CostaandFresnocountiesTherearesomewhoaskAre
mosquitoabatementdistrictsreallynecessaryafterall or

Woulditbebettertohaveallactivitiesofthistypeunder
thedirectcontrolofthecountysupervisors InContra



CostaCountyastrongeffortwasmadebytheexecutive
officeroftheLocalAgencyFormationCommissionstim
ulatedbytheBoardofSupervisorstodissolvetheContra
CostaMosquitoAbatementDistrictandtoseektocarry
outmosquitocontrolinthefuturethroughanotherunitof
countygovernmentTheBoardofTrusteesdidnotconcur
withthisrepudiatingthemove10to2

Mosquitoabatementdistrictswillbeexpectedtoper
formbroaderprogramsthanmosquitocontrolifindeed
theyaretoendureTheycannotaffordtoberegardedasa
luxurypoliticalsubdivisionManydistrictsarealreadyalso
doinggnatmidgecontrolandsomehavebeguntodo
waspcontrolbothareperfectlylegalThewordingofthe

INSERVICETRAININGINCALIFORNIASMOSQUITOABATEMENTDISTRICTS

Inservicetrainingprogramshaveimmediategoalsand
longrangegoalsImmediategoalsdealwithspecificssuch
ashandlingequipmentandmixingpesticidesThetraining
forimmediategoalshasbeenrelativelyeasybecauseofthe
exceptionallyhighleveloftechnicalcompetencewithinthe
managementoftheCMCA1sayrelativelyeasysinceim
mediategoalsusuallydealwithtechnicalcompetenciesthat
canbemeasuredIfperformanceisinadequatetrainingcan
bemodifiedtoachievethemeasureofsuccessdesired

Successfultrainingforlongrangegoalsismoredifficult
toattainItinvolveslongrangeplanningpersonalandpub
licattitudesandevenpoliticalconsiderationsDuringthe
lastfewyearstheBureauofVectorControlandSolidWaste
Managementhasreceivedmanyrequestsforathorough
wellplannedlongrangevectorcontroltrainingprogram
Asthechangeswhichareoccurringinoursocialandecolog
icalenvironmentbecomemorenoticeablesodothere
quests

Sinceplanningisbestaccomplishedwithaknowledgeof
pastactivitiesaquestionnairewassenttomosquitoabate
mentdistrictmanagerstoaskabouttheirtrainingprograms
1shouldliketotakeafewmomentstoacquaintyouwith
theanswerstheygaveus

QuestionNo1wasHowmuchtraininghasyourstaff
participatedinduringthelastfouryears Formaltraining
sessionsthosewhichinvolveinstructorsotherthandistrict
personnelandforwhichspecialtimeissetasideaverageda
littlelessthanoneperyearperdistrictInadditiontothis
mostmanagersindicatedthatsometimewasgiventotrain
inginstaffmeetingsSomedistrictshaveweeklystaffmeet
ingsanddevotesometimetotrainingatnearlyeverymeet
ingotherdistrictsincludetraininginstaffmeetingsduring
wintermonths andsomewhenneeded Therewerealso

occasionalsessionswhenanindustryrepresentativewas
giventimetodiscusssomespecialphaseofcontrolwhich
involvedhisfield

Thesubjectsmostfrequentlydiscussedweremosquito

ThomasDPeck

BureauofVectorControlandSolidWasteManagement
CaliforniaStateDepartmentofPublicHealthBerkeley

originallawwouldnothavebeenwrittenempoweringthe
controlofmosquitoesfliesandotherinsectsiftheleg
islaturehadnotsointendedAmosquitoabatementdis
trictformedsince1931mayalsocontrolratsifaseparate
taxisassessedforthispurpose

OnemessageoftheContraCostaCountyBoardofSup
ervisorswasclearlypresentedWecannotaffordasingle
purposeagencythatisnotsufficientlyflexibletohandle
otherproblemsaffectingthepublicMosquitoabatement
districtstaffsmustbepreparedtocarryoutcontrolofsuch
otherpublicvectorproblemsasthepublicmayrequestand
todothemeconomicallyandeffectivelyThusthisex
pandedcontrolneedisapartoftheinservicetrainingneed

biologyandidentificationpesticidessourcereductionand
safetySubjectsmentionedlessoftenwereinsecticidere
sistanceweedcontrolmappingequipmentoperationsand
publicrelationsTheinstructorsforthetrainingwerethe
mosquitoabatementdistrictmanagersandentomologists
thestaffsoftheStateDepartmentofPublicHealthandthe
UniversityofCaliforniaandoccasionalrepresentativesfrom
industry

QuestionNo2askedWastheinservicetrainingreally
usefulandwhatwereitsgoodandbadpoints Thisques
tionwastoosubjectiveandtheanswerswerenotspecifical
lyhelpfulThemajorityofthemanagersindicatedthat
theyfavoredtrainingprogramsjustlikemotherhoodbutI
wasnotabletoestablishanoveralltrendexceptforthe
needfortrainingprograms

QuestionNo3askedWouldyouliketohaveaddition
altrainingprogramswithinthenextyearortwoandifso
onwhatwhereandwhen Theanswerstothisquestion
gaveusadefiniteoveralltrendSeveralmanagersmadeem
phaticrequestsformoretrainingandmostindicatedthat
theywouldgivesupportandprioritytoawellorganized
trainingprogram Theiropinionsvariedconsiderablyon
howandbywhomthetrainingshouldbegivenOneman
agerdeclaredthattrainingshouldbetheresponsibilityof
managersandboardsoftrusteesofthemosquitoabatement
districtsthatthepersonnelofstatehealthagenciesandthe
universitiesshouldfunctionastechnicalspecialistsbyre
questandtheyshoulddolittleelseAttheotherendof
thescaleonemanagersaidthattheBureauofVectorCon
trolandSolidWasteManagementshouldstartastatewide
trainingprogramdevelopasyllabusforitandultimately
developacertificationprogramwhichwouldincludetesting
andregistrationHefeltthataprogramofthiskindwould
givemosquitoabatementpersonnelahigherstatureinthe
eyesofthepublic

Mostanswersfellbetweentheseextremesbutwithan
obvioustrendtowardsourBureautakingtheinitiativein
developingandconductingacomprehensivestatewidetrain
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ingprogramwiththeclosecooperationandguidanceof
mosquitoabatementdistrictmanagers

Whiletheanswerstothequestionnairedidnotprovide
anysimplesolutionstoourproblemstheyconfirmedour
suspicionswhichcausedustocirculatethequestionnaire
inthefirstplacethatthemajorityofmosquitoabatement

TrainingwithintheOrangeCountyMosquitoAbatement
Districthasbeenaccomplishedbyexposureinvolvement
andparticipationinallaffairsthatareorshouldbeofcon
cernandinterestandwhichaffecttheeconomicsecurity
thefutureadvancementandthepersonalwellbeingofthe
employees

Inservicetrainingtoexpandemployeeskillscannotbe
trulyeffectiveuntilmanagementhasfirstestablishedspecif
icpersonnelpoliciesandprocedureswhichrecognizethe
employeesneedanddesireforeconomicsecurityfuture
advancementandforhisownwellbeingandthatofhis
familyTheDistrictsBoardofTrusteesisresponsiblefor
adoptingthebasicpersonnelpolicieswhichauthorizeman
agementtocarryoutacompleteprogramOrangeCounty
hastriedtofulfillthisresponsibilitybydevelopingaper
sonnelprogrammadeupofthefollowingelements

EconomicSecurityofEmployees
Itisnecessarythatmanagementencourageandassistthe

employeestojoinandparticipateinanorganizationor
unionoftheirchoicewhichrepresentstheireconomicin
terestsInourcasetheorganizationistheOrangeCounty
EmployeesAssociation

Encourage100membershipintheirAssociation
2Encouragetheemployeestobewellinformedonall

candidatesnominatedforthevariousofficesoftheirAssoci

ationandtocarryouttheirv3tingresponsibilities
3Providethetimeandplacefortheemployeestoselect

theirownrepresentativetotheAssociationsAdvisory
Council

4Encourageregularattendancebytheemployeesrep
resentativeoftheAdvisoryCouncilmeetingsandprovide
thetimeandplaceforhisreporttotheemployeesonAsso
ciationaffairs

5Provideinformationonannualsalarysurveysbytheir
Associationaswellasbyotheragenciesandorganizations

6Keeptheemployeesinformedonnegotiationsby
managementforsalariesandemployeebenefits

II FutureAdvancementforEmployee
Itisnecessarythatmanagementbeconcernedwiththe

futureadvancementofeachemployeebyprovidinginfor
mationonjobopportunitiesandbymakingavailabletech
nicalandprofessionalinformationthatmayhelphimim
provehisknowledgeonthejobrequirements

1ProvidedescriptionandqualificationsforallDistrict
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HOWTHEORANGECOUNTYMOSQUITOABATEMENTDISTRICT
CONDUCTSINSERVICETRAINING

JackHKimball

OrangeCountyMosquitoAbatementDistrictSantaAna

districtmanagersstronglyfeeltheneedforbetterand
broaderbasedtraining

Myoverallimpressionisthatwhiletheassociationhas
conductedafairlyadequatetypeoftrainingprograminthe
pastitisnolongergivingusanacceptablereturnonour
investmentandcertainlywillnotdosointhefutureowing
tothemanysocialandtechnicalchangesweface

positions

2Scheduleannualjobperformanceevaluationsofall
employees

3ProvidecompetitiveexaminationsforqualifiedDis
trictemployees

4Maintainareferencelibraryforemployeeswhowish
tostudyforadvancementSuchalibraryshouldprovide
thefollowing
aCaliforniaMosquitoControlAssociationProceed

ingsandPublications
bAmericanMosquitoControlAssociationMos

quitoNewsandpublications
cReprintsofarticlesfromotherpublications
dCaliforniasStateHealthDepartmentpublication

VectorViewsandCaliforniasHealth

eAnnualandmonthlyreportsfromothermosquito
abatementdistricts

fCurrentnewspaperandmagazineclippings
gReferencematerialpreparedbytheDistrict
1EmployeesReferenceManual
2MosquitoControlEncyclopedia

III WellbeingofEmployeeandHisFamily
hismanagementsresponsibilitytoprovideinformation

onservicesavailabletotheemployeewhichwillassisthim
inprovidinghisfamilyameasureofsecurityintheeventof
amajormedicalexpenseoraccidentaldeathOuremploy
eesmaypurchasefivetypesofinsurancethroughtheirEm
ployeesAssociationTheratesareverylowbecausethe
EmployeesAssociationhasover6000membersDistrict
policyprovidesforautomaticsalarydeductionintheusual
manner TheOrangeCountyEmployeesCreditUnion
providesthroughourpayrolldeductionplantheopportun
ityforautomaticsavingsatfavorableinterestearningsas
wellasforloansatminimuminterestchargesTheDistrict
providesaretirementplanandafullypaidmajormedical
insuranceplanforeachemployeeTheemployeemaypur
chaseadditionalmajormedicalcoverageforhisfamily

Itisimportantthatmanagementkeeptheemployees
advisedonallservicesavailableandtoassisthiminmaking
outthevariousapplicationformsaswellashisclaimsfor
reimbursementTheseservicesincludingbenefitsfurnished
bytheDistrictareitemizedbelow

1EmployeeRetirementProgram
2Employee FamilyHealthProgram



3LifeInsurance

4SalaryContinuanceInsurance
5AutomobileInsurance

6AccidentalDeath DismembermentInsurance
7DentalHealthInsurance

8EmployeesCreditUnion

IV ExpandingEmployeeSkills
Themosquitocontroloperatormustbetechnicallyin

formedandtrainedinmanyskillsEmployeesarereceptive
totrainingandareinterestedinlearningnewskillsandre
latedinformationonmosquitocontrolonlyiftheyfeelthat
managementisconcernedwithandlookingoutfortheir
securitytheirfutureadvancementandtheirpersonalwell
beingandthatoftheirfamilyOurDistricthasestablished
apersonnelprogramwhichrecognizesandprovidesthese
necessaryelements

Inservicetrainingisconductedonacontinuousinfor
malbasisthroughouttheyearInadditiontheconventional
classroomtypetrainingsessionsarenecessarytoreview
standardoperationalproceduresandtechniquesaswellasto
introducenewmaterialsmethodsandequipmentandthe
newtechniquesbywhichtheyaretobeusedinourmosqui
toabatementandcontrolprogramTheservicesofthe
BureauofVectorControlStateDepartmentofPublic
Healthareusedwheneveravailabletopresenttrainingon
specializedprograms Itishopedthattheseservicesby
theBureauofVectorControlcanbeexpandedinthefuture
tohelpmeetourneedforinformationonnewinsecticides
andmethodstocontrolmosquitoesaswellasotherinsects
ofconcerntotheDistrict

Ourinformaltrainingprogramwhichweconductona
continuousbasisisbestillustratedbythefollowinglistof
referencematerialsandactivitiesplannedbymanagement
toprovideopportunitiestotheemployeesforexposurein
volvementandparticipationinallaffairsthatareorshould
beofconcernandinteresttothem

1EmployeesReferenceManual
2Annualworkassignmentandinstructionsforzone

operation

3InformalStaffMeetingsto
aReviewactionsandpoliciesbytheBoardofTrust
ees

bReviewslidesofcurrentoperations
cHearreportsonmeetingsattendedandcoming
events

dReviewclarificationofoperationalproceduresand
problems
eHearreportsonEmployeesAssociationprograms
fCelebrateanemployeesbirthdayhefurnishes
donuts

gToholdaKangarooCourtforgoofsandor
accidentbyemployeehefurnishesdonuts

4Employeecontactwithemployeesofadjoiningdis
tricts

5ParticipationinRegionalMosquitoControlMeetings
6AttendanceandparticipationinCMCAAnnualCon

ferencebyalloperationalpersonnelwhenheldinour
region

7Orientationandworkingrelationshipwithotherpub
licagencies

8DirectcontactwithAreaRepresentativeoftheState
BureauofVectorControltheStateFishandGame

Departmentwithresearchworkersfromuniversity
andcollegecampusesandwithvisitorsfromforeign
countriestoobserveourprogram

9AttendAnnualTrainingCoursesinRadiologicalDe
fenseandNaturalDisasters

10Participationinfieldtestofnewmaterialsmethods
andequipment

11Preparingwrittenreportsonfieldobservationand
conclusions

12PresentationofoperationalreportsbeforeRegional
MeetingsandAnnualConferencesofthisAssociation

Foramosquitoabatementprogramtobeeffectiveeach
employeeespeciallythecontroloperatorworkinginthe
fieldmustbemotivatedHemustknowthathisjobisim
portantnomatterhowsimpleorroutineitmaybeHe
mustlikehisjobandfeelthatheisavitalpartoftheentire
programTodohisjobwellhemustbetechnicallytrained
onwhatheisdoingandwellinformedonwhyheisdoing
itHemustberesponsibleandusegoodjudgmentwhen
makingdecisionsinthefield

Foramosquitoabatementprogramtobeasuccesses
peciallyinanurbanareaallemployeesfromthetelephone
operatortothecontroloperatormustbeabletomeetthe
publicasanofficialrepresentativeofthedistrictHemust
beabletogaintherespectofthepublicbyhissincererec
ognitionoftherequestersproblemandbyhisknowledge
ofthelocalenvironmentwhichcanproducemosquitoesor
otherinsectsasthecasemaybeHemustbeabletoin
formthepubliconwhatthedistrictisdoingorwilldo or

willnotdoMostimportanthemustteachthepublichow
topreventmosquitoesfrombreedingonindividualpremises
whetheritbearesidentialbackyardanagriculturaloper
ationindustryorapublicownedfacility

OrangeCountysinservicetrainingprogramisdesigned
toproduceemployeeswhocanandwillaccomplishtheob
jectivesofourMosquitoAbatementprogramwhichI
quoteasfollows Toabateexistingmosquitobreeding
sourcesandtopreventnewonesinordertopermitfulluse
andenjoymentofourbackyardsandourmanyrecreational
facilitiestopermitmosquitofreeagriculturalandindus
trialworkingconditionsandtoprotectpublichealthand
comfort
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Inourroleatthestatelevelweshallproceedtoestablish
greaterresponsibilityofprovidinginservicetrainingfor
thoseagenciesthatwouldlikesucharesourceAnykindof
trainingprogramwithwhichwemightproceedwillhea
voluntaryprogramwithoutirrpositionofanymandates
Wehaveverycapablestaffswhichwouldfunctionthrough

Mosquitocontrolagenciesoperateincloseconjunction
withmanyotheragenciesandorganizationsTheseinclude
citiesspecialdistrictscountiesthestateandfederalagen
ciesDepartmentsofcitiesthatmosquitocontrolagencies
workwithincludestreetpublicworksandparksSpecial
districtsincludeirrigationwaterparkhealthCountiesin
cludefloodcontroldistrictsparksroadandhealthState
includeshighwaywaterresourceshealthparksandfish
andgameFederalincludescorpsofengineersandhealth
Therelationsamongthemosquitocontrolagenciesandthe
variousagenciesandorganizationsdependonthemission
ofeachIwillonlycoverthatportionofthissubjectin
volvingcontractualrelationswherebytheagencyororgani
zationcontractswiththemosquitoabatementagencyfor
mosquitoorothervectorcontrol

TheSoutheastMosquitoAbatementDistrictcarriedon
anintensiveprogramofmosquitoandchironomidcontrol
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WHATCOULDBETHEFUTUREPROGRAM

RichardFPeters

BureauofVectorControlandSolidWasteManagement
CaliforniaStateDepartmentofPublicHealthBerkeley

thefiveregionalofficesofReddingSacramentoBerkeley
FresnoandLosAngelesInthefutureweareplanningto
prepareasyllabusthatwillbeavailableaspartofthetrain
ingprogramUltimatelythetrainingmayreachthecertifi
cationlevelsothatdistrictemployeesmaytakeanexamin
ationandreceiveacertificationofcompetence

INTERAGENCYCOOPERATIONCONTRACTUALARRANGEMENTS

GardnerCMcFarland

SoutheastMosquitoAbatementDistrictSouthGate

throughoutitsareaofjurisdictionThreeagenciesinpar
ticularareinvolvedinthemanagementofwaterthatbreeds
mosquitoesandmidgesthatrequireclosecorrelationthe
LosAngelesCountyFloodControlDistricttheUSArmy
CorpsofEngineersandtheLosAngelesCityBureauof
WaterandPowerThesethreeagenciesmanipulatewater
extensivelybothfromafloodcontrolandwaterconserva
tionstandpoint

ItwasdeterminedearlyinthehistoryofourDistrict
thatclosecoordinationofconstructionmaintenanceand
handlingofwaterdisposalandpercolationwasnecessary
Thesethreeagenciesdeterminedthatthemissionofour
MosquitoAbatementDistrictwassuchthatitwastotheir
advantagetohavetheDistrictgivethemtechnicaladviceas
tovectorandinsectnuisancecontrolandinmanycases

actuallytocontractwiththeDistrictforthecontrolof
midgesmosquitoesandsimuliidsBuffalognatsblack

A RequestforService SAMPLE

September31969

MrGardnerMcFarland

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenue

SouthGateCalifornia90280

LOSANGELESCOUNTYFLOODCONTROLDISTRICT

WalterJWoodChiefEngineer

ByDivisionEngineerWaterConservation

FileNoContractNo6097

RequestforApplicationof
Insecticide

DearSir

IncompliancewithParagrahIofContractNo6097datedSeptember131962andExtensionofAgreement dated

July81969thisletterwIIconfirmtherequestmadebyMrCJReinhardonAugust291969foryourDistrict
tosurveyTujungaWashbetweenHansenDamandOrovistaAvenueforBuffaloGnatinfestation

Yoursverytruly



B Contract SAMPLE

AGREEMENT

THISAGREEMENTmadeandenteredintothe13thdayofSeptember1962byandbetweentheLOSANGELES
COUNTYFLOODCONTROLDISTRICTabodycorporateandpoliticpartyofthefirstparthereinaftercalled
District andtheSOUTHEASTMOSQUITOABATEMENTDISTRICTabodycorporateandpoliticpartyofthe
secondparthereinaftercalledMosquitoAbatement

WITNESSETH

WHEREASDistrictdesirestoprovideforthecontrolofvariousvexatiousspeciesofchironomidmidgesandmos
quitoeswhichcanbeasourceofpublicnuisanceanddiscomfortinandaboutDistrictwaterconservationfacilities
locatedinandadjacenttotheMontebelloForebayand

WHEREASincreasingamountsofimportedandreclaimedwaterwillbespreadduringthewarmseasonswhenin
sectinfestationsaremorelikelytooccurand

WHEREASinvestigationshavebeencompletedfortheDistrictandrecommendationssubmittedbytheUniversity
ofCaliforniaCitrusExperimentalStationlocatedatRiversideCaliforniaastothetypeanduseofinsecticidefor
thecontrolofChironomidaeandmosquitoesand

WHEREAStheseinsecticidesaregenerallyofthetypeclassifiedasorganicphosphatessomeofwhicharetoxic
tohumansifnotutilizedandappliedinthepropermannerand

WHEREASMosquitoAbatementhasdevelopedtheexperiencemethodsandnecessaryequipmentfortheappli
cationofsuchinsecticidesinconjunctionwithitsdelegatedresponsibilitiesofmosquitocontroland

WHEREASDistrictsRioHondoandSanGabrielRiverspreadingfacilitiesandrelatedconveyancesystemslie
withinoradjacenttotheareaservedbyMosquitoAbatementand

WHEREASDistrictdesirestohavetheabilitytorequesttreatmentofspreadingareaswithinsecticidesonanin
termittentbasisandwhenothercontrolmeasuresotherthaninsecticidesarenotsatisfactoryand

WHEREASMosquitoAbatementispreparedtoundertakeaprogramofinsecticideapplicationtoareasowned
andoperatedbytheDistrictandasprovidedinthisagreementand

WHEREASithasbeenconcludedthatthecostforsuchaprogramofanintermittentnaturecanbestbeevaluated
intermsofmaterialslaborandequipmentonanhourlybasisand

WHEREASMosquitoAbatementwillincurcertainroutinemedicalexpensesrequiredwhenusingorganicphos
phateinsecticidesforwhichreimbursementshouldbemade

NOWTHEREFOREinconsiderationoftheforegoingandthemutualcovenantshereinaftercontaineditishere
byagreedbyandbetweenthepartiesheretoasfollows

1MosquitoAbatementagreestoapplyparathionorotherinsecticidesupontelephonicrequestbyDistrictto
theManagerofMosquitoAbatementforthecontrolofmidgesandormosquitoesinfestingWaterConservation
facilitiesofDistrictwithinandadjacenttotheMontebelloForebaySuchrequesttobeconcurrentlyconfirmed
byletterfromDistricttoMosquitoAbatement

2MosquitoAbatementagreestosupplyallmaterialslaborandequipmentrequiredforapplyingsuchinsecti
cides

3MosquitoAbatementagreestoobtainthenecessarypermitorpermitsfromtheCountyAgriculturalCom
missionersOfficefortheuseofparathionandanyotherorganicphosphateinsecticidesutilizedforsaidinsectcon
trolwhicharespecifiedbytheAgriculturalCommissionersOffice

4Districtagreestoprovidethenecessaryequipmentfortransportingtheapplicationequipmentonandabout
Districtspreadingandconveyancefacilities

5DistrictagreestopaythecostoftheapplicationuponmonthlybillingsintriplicatebyMosquitoAbatement
nottoexceed5000peryearThiscosttoinclude

aHourlylaborchargespaidbyMosquitoAbatementtoemployeesproperlychargeabletotheagreedappli
cationoperationtoincludenormaloverheadofMosquitoAbatement

bThecostofinsecticidesperpoundorliquidmeasurenottoexceedthecostpaidbyMosquitoAbatement
cCostofequipmentat20centspermileand
dCostofintermittentmedicalexaminationsrequiredforemployeesofMosquitoAbatementwhenincon

tactwithorganicphosphateinsecticidesresultingfromapplicationsatDistrictfacilities
6DistrictagreestoreimburseMosquitoAbatementforallexpendituresandcommitmentsmadebyMosquito

AbatementpursuanttotheprovisionsofParagraphVoftheabovenotalreadyreimbursedifcontractistermin
atedbyeitherpartyasprovidedinthisagreement

7DistricttotheextentwhichisauthorizedbylawherebyagreestoindemnifyandsaveharmlessMosquito

1
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gnatsThiscontractualarrangementcameaboutbecause
ourDistricthadthetechnicalabilitytrainedinspector
operatorsprofessionalandentomologicalsupportaswell
asfirstclassequipmentallundercompetentsupervision

IhavehereAarequestforserviceBasamplecon
tractandCasurveyformusedintheinterplayofwork
performanceTodatethecontractualarrangementshave
beenmutuallysatisfactorywithaminimumofproblems

ArrangementswithDepartmentofArmyLosAngeles
DistrictCorpsofEngineersarehandledbypurchaseorder
EachCorpsofEngineerscontroloperationiscarriedoutin
accordancewithspecificationsonapurchaseordersepar

C SurveyForm

SEMADFormNo33

11369 50

SAMPLE

ENTOMOLOGICALSURVEYANDTREATMENTREPORT

TypeofServicePerformed

Date

PestSpecies

AgencyRequestingService

Location

MaterialUsed

PersonnelTime

Equipment

Remarks

Acreage

DosageRate

TotalAmount
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Abatementitsofficersemployeesagentsandrepresentativesfromandagainstallclaimsdemandsdamagescosts
andliabilitiesresultingorclaimedtoresultfromanyactionorinactionofDistrictpertainingtotheperformanceof
itsobligationsunderthisagreement

8MosquitoAbatementtotheextentwhichisauthorizedbylawagreestoindemnifyandsaveharmlessDis
trictitsofficersemployeesagentsandrepresentativesfromandagainstallclaimsdemandsdamagescostsand
liabilitiesresultingorclaimedtoresultfromanyactionorinactionofMosquitoAbatementpertainingtotheper
formanceofitsobligationunderthisagreement

9ItismutuallyagreedthatthisagreementshallremaininaffectfromthedateofexecutionthroughJune30
1963andmaybeextendedyearlyuponthemutualconsentofthepartieshereto

10Itismutuallyagreedcontractmaybeterminatedbyeitherpartyheretouponthirty30dayswrittennotice
giventotheother

INWITNESSWHEREOFthepartiesheretohavecausedthisAgreementtobeexecutedbytheirdulyauthorized
representativesonthedayandyearfirstabovewritten

ateforeachcontroloperation

DepartmentofWaterandPowerCityofLosAngeles
arrangementsareperformedbypurchaseorderThispur
chaseorderispreparedonayearlybasissoeachcontrol
operationisbilledonthesamepurchasespecifications

DataforeachcontroloperationisshownonSEMAD
FormNo33condensedforpublicationpurposesMa
terialsandequipmentexpenseisbilledatactualcostasis
personneltimePersonneltimeincludesoverheadandall
costsarefiguredonanhourlyrateThesecostsincludeall
fringebenefits



DISTRICTACTIVITIESANDRELATIONSHIPTOVARIOUSJURISDICTIONS

WhenapproachedbyMrBrumbaughtobeamemberof
theInteragencyCooperationPanelIacceptedbelieving
thatitwouldbeasimplemattertoacknowledgehowwell
interagencyparticipationandcooperationworksforthose
inmosquitocontrolandinparticularhowwellitworksin
theNorthernSalinasValleyAftercriticallyreviewingour
ownDistrictprogramsandthecooperativeagreementsre
latedtotheseactivitiesitwouldperhapsbewisertotitle
thispresentationTheMythofCooperativeRelationship
withVariousJurisdictions

Legallyanydistrictisempoweredtoenterintocooper
ativeagreementsorcontractsinthefurtheranceoftheob
jectivessetforthinSection2270Article4California
StateHealthandSafetyCodeFortunatelynolimitation
isplaceduponthedegreeorextenttowhichparticipation
occursinsocalledcooperativeagreementsandnolimita
tionsappeartobeestablishedregardingtheactivitiesadis
trictmayparticipateinaslongasthegoalsandobjectives
ofthedistrictareadheredto

Whatarethegoalsandobjectivesofamosquitoabate
mentdistrictFirstitmustberememberedthatamosqui
toabatementdistrictisessentiallyaspecializedextensionor
armofourpublichealthprogramsItsstructureisbothpo
liticalandgeographicalanditischargedwiththeresponsi
bilityofprotectingthepublicwellbeingbycontrolling
mosquitoesbutitisnotlimitedtojustmosquitoesItmay
controlfliesorotherinsectsofpublichealthconcernif
deemednecessarybythetrusteesofthedistrictItisthese
verypowersgrantedbylawtothetrusteesofeverymosqui
tocontroldistrictcoupledwiththesurgingpopulation
growthinCalifornia20millionnowthatwillpropeland
actuallyforcemosquitocontrolagenciesintogreaterand
greaterparticipationwithallpoliticalentitiesfromthefed
eralleveltothespecialinterestswithineachcounty

Ismosquitocontrolbeingforcedinthisdirectionnow
YesIamcertainthateverydistrictintheStateofCalifornia
isawareoftheseforcesandisdoingsomethingaboutthem
Notalldistrictsareinvolvedtothesamedegreeorinthe
sameproblemsbuttheyareinvolvedandthatiswhatmat
ters

Locallyourfirstinvolvementinproblemsofdrainage
systemswasactuallyforceduponourthennewlycreated
illequippedinadequatelystaffedMosquitoControlDis
trictbytheCountyBoardofSupervisorsandtheCity
CouncilThisishowithappened

In1916theagriculturalinterestsconceivedandgave
lifetoadrainageandreclamationprojectknownasDistrict
1665Itspurposewastodevelopconstructandmaintain

HowardRGreenfield

NorthernSalinasValleyMosquitoAbatementDistrictSalinas

asystemofdrainsthatwouldprotectthefarmlandsofthe
SalinasValleyfromfloodwaterdamageandwouldreclaim
largeacreagesofpeatbottomlandforintensivecroppro
ductionFrom1916to1950aperiodof34yearsthis
drainagesystemservedtheagriculturalinterestsHowever
withthepassageoftimecommercialgrowthindustrial
growthandcommunitygrowthbegantousethisagricul
turaldrainagesystemasawastewatersystemBy1951
thecombinedindustrialandcommunitywastewaterusage
farexceededanyuseagriculturehadforthedrainagesys
temThusthedirectorsof1665paidoffthebondsand
foldeduptheoperation

Nowsuchactionsweretotallydisconcertingtothe
CityFathersandthegoverningBoardoftheCountybe
causewithnodulyconstitutedlegalauthoritywhowould
maintainthismostimportantstructureAftermuchdis
cussionwiththeDistrictTrusteesitwasdecidedthatmay

betheMosquitoAbatementDistrictshouldbetherespon
sibleagencybecauseafterallstagnantwaterpollutedwa
terandhighlychargedorganicwastewatercouldbreed
hoardsofmosquitoesThusin1952ourfirstinteragency
agreementwasconcludedandfor17yearstheMosquito
AbatementDistrictprovidedatroublefreemosquitofree
fullyfunctionaldrainagesystemforallinterests commun

ityagriculturalandindustrial1mustaddthatthisoneco
operativeagreementhasledorforcedustoparticipate
inmanyotheragreementssomeofwhichIwillmention
briefly

1WeedControl

2DrainageConstructionandMaintenance
3SoilConservationServiceDistricts

4IndustrialandCommunityWasteDisposalSystems
5RecreationPlanning
6FloodControlandWaterConservation

7TrainingProgramsforthehealthdepartmentaswell
asinservicetraining

8WatershedProtection FloodControlStructures

InsummarizingwhathasbeenpresentedImuststate
thattheroleplayedbyvectorandmosquitocontroldis
trictsisuniqueUniquebecausethevectorswestriveto
controlrecognizenopoliticalsubdivisionorjurisdictionIt
isbecauseofthemosquitoesandothervectorsofpublic
healthinterestthatweseekinteragencyunderstandingand
cooperationWhetherornotweplaythedominantroleor
thesubordinateroleinthesecooperativeagreementsisun
importantaslongasweachievethegoalssetforthAnd
finallythetermcooperation meaningworkingjointlyto
getherforacommongoal isstilltodayamythbuthope
fullytomorrowanaltruism
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TheSacramentoCountyYoloCountyMosquitoAbate
mentDistricthasacooperativeagreementwiththeUnited
StatesBureauofReclamationstodomosquitocontrolwork
ontheBureauspropertyTheBureaupaystheDistrictfor
thiscontrolworktoamaximumof51500peryearThere
aretwoinstallationsontheeastsideFolsomDamcreating
FolsomLakeandNimbusDamcreatingLakeNatomaOn
thewestsideonPutahcreekisMonticelloDamandabout

5milesdownstreamisadiversiondamcreatingLakeSolano

SoonaftertheconstructionofFolsomandNimbusdams
limitedmosquitobreedingwasnotedontheedgesofLake
NatomaThislakeislocatecinthedredgertailingsand
createspotholesinwhichtherecanberatherseriousmos
quitobreedingThismatterwasreviewedwiththeBureau
andaprogramwasevaluatedwherebytheBureauwould

Thetermsourcereductionissomethinglikemother
hoodormorerecentlyecologyorpollution Too

oftenitisusedlooselywithoutrelatingittothespecific
problemsinvolvedandyetitisrecognizedthatproblems
varywidelyfromonemosquitoabatementdistricttoan
other

TheproblemareasintheEastSideMosquitoAbatement
Districtliepartlyinfoothillsandpartlyinflatlandsand
deltaareasTheycontaintwolargeandonesmallirrigation
districtsandvirtuallyallirrigationisdonefromcanalswith
wateravailableonarotationbasis intheheatofthesum

merona7to10dayschedul Theflatlandswhereour

mostdifficultproblemliesarmostlyintheModestoIrri
gationDistrictwhichisoneoftheoldestsuchdistrictsin
thestateLandwaslevelledherewithoutregardtodrainage
andwithmuchdestructionordiminutionofnaturaldrain

agewaysTheproblemthenwastogetthewateronthe
landnottogetitoff

Muchofthelandisovershallowhardpanwhichsup
portsaperchedwatertabledaringtheirrigationseasonand
whicheffectivelypreventspercolationThewesternpor
tionisveryflatwithlittleeffectivegradefordrainageA
majorportionoftheDistrictisinpasturebecausethesoil
typeswillnotsupportahigherincomecropUnfortunately
pastureisnotoftentreatedasacroporasItoldonedairy
manhiswifetookbettercareofthefrontyardWaterin
theDistrictiseitherfreeintheModestoIrrigationDistrict
oratverylowcostintheothertwoirrigationdistrictsBe
causeofthisandthereadyavailabilityofwaterthereislit
tleincentiveforonfielddrainagesuchastailwaterreturn
systems
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AGENCYCOOPERATION

GeorgeUmberger
SacramentoCounty YoloCountyMosquitoAbatementDistrictSacramento

enterintoacontractwiththeDistrictpaying5415per
hourformosquitocontrolworkdoneonitspropertywith
alimitof1000peryear

UponcompletionofMonticelloDamandthediversion
damonthewestsideoftheDistrictnewmosquitoprob
lemswerenotedthereThecontractcoveringmosquito
controlworkwasincreasedto1500peryearAninter
estingfactorinthemosquitocontrolrelationshipisthere
viewbytheBureauofReclamationsofthemosquitoprob
lemareaswiththeintenttodocorrectivemeasurestoelim
inatemosquitobreedingifthecorrectivecostswillnotex
ceeda5yearcontrolcostThewaterfrombothofthese
Bureauinstallationsisusedfordrinkingpurposesandcor
rectivemeasuresaredesirabletoeliminatetheneedfor

chemicalcontrolwork

COOPERATIVESOURCEREDUCTIONINTHEEASTSIDEMOSQUITOABATEMENTDISTRICT

GordonFSmith

EastSideMosquitoAbatementDistrictModesto

Whattheareaneedsisamasterdrainageplanwithtrunks
andlateralsAdrainagecommitteehasrecommendedpre
liminaryengineeringstudiesbutfinanceshavenotbeen
madeavailableThisbeingthecasemostdrainagemustgo
intoirrigationcanalssinceduetothecanalsystemrivers
arenotreadilyavailabletothelandThewholeproblem
tendstorequireareadrainageratherthanworkingwithin
dividualownershipsThereiswithintheirrigationdistrict
lawsprovisionforformingspecialassessmentareasordis
trictsforlocalimprovementssuchasirrigationdistribution
anddrainagesystemsandthisistheprocedureofchoice
Apetitionisrequiredsignedbyover50oftheproperty
ownersandrepresentingover50ofthelandarea

Thereareseveralotheragenciesinterestedindrainagebe
sidestheEastSideMosquitoAbatementDistrictBasically
theseincludetheCountyDepartmentofPublicWorksIrri
gationDistrictsAgriculturalExtensionServiceandtheAg
riculturalConservationServiceOtherssuchastheCounty
HealthDepartmentWaterQualityControlOfficialsand
cityofficialshaveinterestinsomecasesWehavetriedto
developacloserelationshipwithalloftheseagenciestosee
thatinanyproposedprojecttheneedsofallcanbemet
andthatallwhocancontributefinanciallyorotherwiseare
inthepicture

Areadrainagetakesalotoflegworknotonlyincon
tactingandworkingwithotherinterestedagenciesbutin
contactingtheindividualpropertyownersandgainingtheir
cooperationItisinthisareaoflegworkandcoordination
thattheDistrictseemstofitthepicturebest



SenatorLewisShermanAlamedaCounty

Itiscriticallyimportantinthelegislativeprocessthata
billgetthroughacommitteeThebillmaygoontoanad
ditionalcommitteeinthesamehousewhereitmaymeet
thesamerequirementsThenitmustpassthefloorofthat
houseThenitmustgoovertotheotherhouseandgo
throughthesameprocessThereforeyoushoulddeter
minethecommitteetowhichabillinwhichyouareinter
estedisassignedthenconcentrateonthepersonsonthat
committeefirst

Whenyouwritetoyourlegislatorsitiscriticallyimpor
tantforyoutogivereasonsforyourpositionEachofus
legislatorscantakesuchalettertothatcommitteehearing
andwhenthepeoplebeforeusaretestifyingwecanuse
thosereasonsorthosequestionstotestthevalidityofthe
testimonybeforeusDonotgettrappedintoasituationof
massmimeographedletterwritingThisdoesusnogood
itdoesnotrepresentoriginalthinkingWepreferaletter
whichmayhavemisspelledwordsorpoorEnglishbut
whichdoesraiseacriticalorimportantpoint

SenatorJosephKennickLosAngelesCounty

Letterwritingisasplendidformofcommunicationwith
yourlegislatorparticularlyiftheletteriswellthoughtout
Donotjustmakeastatementbutgiveareasonarrivingat
alogicalconclusionastowhyameasureshouldbepassed
ordefeatedButdonotwritetoolongaletterThereis
notalegislatorinstategovernmentwhowillnotreadyour
letterandwhowillnotactuponitonewayoranother

Somanylegislatorsassumethatwhensomeonecomesto
seethemhewantssomethingorheisintroubleButyou
shouldcomeintoseeyourlegislatorevenifitisjusttoget
acquaintedwithhimSuchavisitcanmakeagoodimpres
sionsothatifyoushouldwritehimatalaterdateyouand
yourlegislatorwillbebetteracquaintedandwillhaveabet
terunderstandingofeachotherWelegislatorsareengaged
dailywiththemostintricateoflegislationNotasingleone
ofusconcernedwiththetruthwouldleadyoutobelieve
forasinglemomentthatweknowtheanswerstoallthe
problemswithwhichweareconfrontedButweknow
wheretogotofindtheanswers variouscitizenswhoare

authoritiesinvariousfields

AssemblymanDonMulfordAlamedaCounty

1wouldliketotellyouwhat1believetobethemostdi
rectwaytobecomeacquaintedwithSacramentoHaving
served10yearsonthePublicHealthCommitteeduringthe
12yearsofmyserviceasanAssemblyman1havesomeun
derstandingoftheproblemsthepublicrelationsandthe
scienceinvolvedinyourworkyet1happentobelievethat
yourworkisnotrecognizedbytoomanypeoplebothin
yourcommunitiesandintheLegislature1thinkthatyou

PANELLEGISLATIVEACTIVITIES

haveasellingjobtodoforsupportHasyourAssociation
obtainedayesvoteandapassageofallofyourbillsIfit
hasnotthenIwouldsuggestthatasuccessfullyconducted
andmountedpoliticaloperationusuallyisabletocomeout
withclosetoa100battingaverage

Thereare5to6000legislativematterstohandleeach
yearYouasaspecialinterestgroupwanttoknowHow
dowegetourlegislationthroughsuccessfully Tomethe

mostsensitivetimeoftheyeariscampaigntimeWeneed
helpmoneypeople allofthesetoolstogetelectedItis
duringthissensitiveperiodthatwelegislatorsaremostre
ceptivetoyourwishesItisthetimewearemostanxious
tobecomeacquaintedYoumustgetonafirstnamebasis
withyourstateandfederallegislatorsInsuchareasas
yourswhereweareoperatinginthepublicarenathereis
noroomforpartisanshipInfactabout90ofthework
wedoisnonpartisaninnature

Tomethemostimportantwaytobecomeaneffective
personalityinthelegislativesceneistobeonastrongfirst
namebasiswithyourlegislators

AssemblymanErnestMobleyFresnoCounty

YourAssociationdoeswritelettersbecause1havere
ceivedsomefromyouOneimportantthingistimingAt
thelastsessionIcountedupto15differenttimeswhen1
receivedimportanttelegramsandcommunicationsfromor
ganizationsandindividualsbut1receivedthemafterthe
issueshadlefttheAssembly toolateforaction

Becarefulwhensendingtelegrams manytimesthese
arenotclear

AnotherthingistheResolution Thistypeofaction
ispassedbymanyorganizationsoftengoingtotheex
tremesinwordingMyadviceisDonotspendthetime
thatapparentlyhasbeenspentonresolutionsNaturally
theydopresentyourpointofviewResolutionsareusually
duplicatedsometimeswithanicesealatthebottombut
theydonotreallygiveusthereasonsweneedinorderto
helpusmakeourdecisionsIwouldsaythatagoodwell
writtenletterbythesecretaryoftheorganizationrather
thanaresolutionwouldbemoreeffectivewithme

Anotherimportantthing ifyouaremakingacom
municationfromtheofficialbodysuchasadistrictor
associationmakecertainthattheletterstatesthatitisthe

officialpositionoftheorganizationManytimeswegeta
letterfromanindividualofanorganizationandwemay
takeforgrantedthatheisrepresentingthewholeorganiza
tionwheninfacthemaybestatingaminorityview
makecertainyourmajorityviewisstatedinyourcommun
ication

ThepersonalcontacthasrealeffectIfIcanpickupa
phoneandcallyouandaskyouaboutsomethingonwhich
youareinformedandyoucanbriefmetotellmehowyou
feelaboutitandhowitmayaffectyourorganizationthis
willbeahelptobothofus
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INTRODUCTIONTOPANELAREVIEWOFGAIIBUSIAEFFECTIVENESS

JackFowler

SacrarnentoCounty YoloCountyMosquitoAbatementDistrictSacramento

NotallactivityintheearlyWestwasgunslingingcattle
rustlinganddiggingforgoldThenaturalistalsowasat
workBairdandGirarddescribedtheGambusiamosquito
fishin1853fromspecimenstakenattheRioMedinaand
RioSaladopartoftheSanAntonioRiverdrainagein
TexasBeginningin1904thefirstmajoraccountofGam
busiaintheUnitedStateswascreditedtoWPSealin
NewJerseyAlvinSealeunderthedirectionofDavidStarr
JordanintroducedGambusiatoHawaiiin1905 From

HawaiifishweretakentoFormosathePhilippineIslands
SingaporeMandalayBangkckJapanandChinaTheUS
BureauofFisheriesin1919tookanactiveinterestinthe

Gambusiaandayearlaterwasaskedtosendspecimensinto
ItalyandSpainDistributionwasextendedsoonaftertoall
SouthernEuropeancountriesaswellasGermanyandAus
triaMosquitofishfromSpainwerealsotakentoRussia
theIslandofCypressandthentotheUnionofSouthAfrica
In1922GambusiawereintroducedintoCaliforniafrom

TexaswiththeinitialplantinginthepondatSuttersFort
DistributioninwhatisnowtheSacramentoCountyYolo
CountyMosquitoAbatementDistrictwasundertakenin
1940byHughHartwhowillbespeakinglateronthispro
gramIn1941theMalariaInstituteofIndiarecordedits
experienceutilizingfishinIndiasmalariacontrolprogram
In1943thefirstpublishedworkappearedinMosquito
NewsobservationsbyJLClark

Gambusiarightlyorwronglyhavebeencreditedasval
uablecontrolinmanymalariaandyellowfeverareasinthe
worldSomeauthorsgiveGambusiacreditforcontrolling
yellowfevertherebyallowingthePanamaCanaltobebuilt

InreviewingthehistoryofGambusiaonerunsacross
accountsegMyers1965ofthedisadvantagesoftheir
useformosquitocontrolforinstanceaccountsofthedes
tructionofyoungbassatFriant35yearsagoandclaimsof
aheavytolloftheyoungofimportantfoodorgamefishes
elsewhereInthecanalsofBangkokThailandthenative

larvivorisnowrareandanotherindigenousfishhasdis
appearedInthecreeksaroundLagunadeBayinthePhil
ippinesnativefisharesaidtobegoneandGambusiareigns
SimilarresultsfromtheintroductionofGambusiaarere

portedfromthelowerNileRiverandingardenpondsin
CaliforniawhereallegedlyGambusiaareholdingthegold
fishpopulationdown Howominousarethesereports
Canthisbelikenedtotheintroductionofrabbitsinto
Australia

AnoutstandingbibliographyonGambusiawaswritten
byGerberichin1946UndertheauspicesoftheWorld
HealthOrganizationin1966andUnitedNationsFoodand
AgricultureOrganizationin1968thisbibliographyhasbeen
revisedandenlargedGerberichandLaird1968Much
interestintheuseofGambusiaasanaturalisticcontrol
measureoccurredfromtheturnofthecenturyuntilabout
1930Verylittleisrecordedsubsequenttothisuntilthe
early1950s Todayinresponsetoproblemsposedby
bothresistanceandlonglastingdeleteriouseffectsofcer
taininsecticidesthereisamarkedtrendbacktowardgreat
eruseofGambusiaPresentdayworkersattemptwellcon
ceivedprogramsbutImafraidsomeofusfallshortofthe
detailedattentionrequiredforsuccessfulmosquitofish
husbandryresultinginquestionableornegativeresults
Thereportsyouwillhearinthepaneltobepresentednow
shouldillustratesomethingoftheimportanceofdetailin
thisapproachtomosquitocontrol
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MOSQUITOFISHINYOLOCOUNTY

HughGHart
SacramentoCounty YoloCountyMosquitoAbatementDistrictSacramento

Myfirstintroductiontotheuseofmosquitofishfor
mosquitocontrolwasin1938whiletakinggraduatework
inPublicHealthattheUniversityofCaliforniaatBerkeley
Oneofourfieldtripswasto1heAlamedaCountyMosquito
AbatementDistrictandsomeoftheirmosquitoabatement
proceduresincludedtheuseofGambusia

InreturningtoYoloCountyandthenumerousmosqui
toesinitialsurveysindicatedmanyareaswhereitappeared
thatmosquitofishwouldbeusefulTherewasnodistrict
andlittleornofundsWecarnetoaconclusioncontraryto
thetextbooksofthatdayandthatwasthatAnopheles
freebornitraveledmuchfartherthanwassupposedinfact
averyconsiderabledistancefartherWealsolearnedthat
SolanoCountyMosquitoAbatementDistrictwasusingmos

quitofishTheywerecontactedandgraciouslyconsented
notonlytofurnishuswithfishbutalsotohelpusplant
themandwedidplantthemineveryconceivableplace
Somecametonaughtbutmanyareasprovedfavorableand
asaresultmosquitofishwereinconsiderableevidencein
YoloCountyatthetimeofformationoftheSacramento
County YoloCountyMosquitoAbatementDistrict

Newtypesofsewagelagoonsinthelasttenyearswere
pioneeredinYoloCountyafteranextensivesurveyofla
goonsinallpartsofCaliforniaandinanumberofother
statesaswellMosquitocontrolwasoneoftheanticipated
problemsandtheuseofmosquitofishwasconsideredA
considerableamountofexperimentalworkhadbeendone
onlagoonsMostofthelagoonshadtoolittleoxygento



supportGambusiaLagoonsareclassifiedasaerobicifthey
containoxygenandanaerobiciftheydonotLagoons
mustbeaerobiciftheyarenottoproduceodorsAnaero
biclagoonsarebyfarthemoreefficientofthetwobut
mustbeusedwhereodorisnotobjectionableButthe
aerobiclagoonscanstilloperateatadissolvedoxygencon
tentlessthan4partspermillionandonacoldfoggy
nightthedissolvedoxygencontentmaydroptoalmost
zero

NeverthelessGambusiawereplantedinallpondsand
onlysurvivedinthosewheretheloadingwaslightsothe
oxygencontentwasnotdepressedInmanylagoonsystems
theuseofsecondaryandtertiarylagoonsisnecessaryand
itisherethatGambusiathriveThereareabundantnutri
entsavailableforalgaeandaquaticlifeandGambusiare

DuringthepastfouryearsIvebeeninformallycompiling
alistofreasonsthathavebeengiventometoexplainthe
limiteduseofGambusiainricefieldscriticismssuchas
athefishavoidthevegetationbthefishavoidthecen
terofthepaddycthefishstayneartheirrigationboxes
dthefishstayinthewarmwaterAnothertypeofreason
isthattherearentenoughfishforproperstockingAlso
givenarereasonssuchasIffisharestockedtheyarekilled
bybluestoneordrainingofthefieldAlsothereliabilityof
themethodisquestionedingeneraltermsAndfinallyI
mustmentionspecificcriticismsuchasCulexarecon
trolledbutnotAnophelesAnothervariationofthiscriti
cismisthatAnophelesarecontrolledbutnotCulexDes
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produceanddevelopintremendousnumbersinthisen
vironment

ItisourbeliefthatthesuccessofGambusiaisdepend
entuponanamplesupplyofthesefishattherighttimeand
sewagelagoonsarethemostlikelyplacetoproducethis
supplyWearedevelopingmorepondsforthispurpose

Thereareneverthelesssomeproblemsinthisfieldand
theyarenotallunderstoodOnethingwedoknowisthat
watermustrecoverinthesecondaryandtertiarylagoons
beforeasatsifactoryenvironmentformosquitofishispres
ent

Thepondsmayinthefuturebemodifiedsoastomake
iteasiertoretrievethefishwhentheyareneeded

ARECENTTESTOFGAMBUSIAFORMOSQUITOCONTROLINARICEFIELD

JamesBHoy
EntomologyResearchDivisionUSDAFresno

pitetheconvictioninthevoicesofthecriticspublication
ofdatatosupportthesecriticismsislackingLogicalexam
inationsuggeststhatregardlessofwherethefishareob
servedinthefieldthequestionathandisWhatstocking
ratesarenecessarytocontrolmosquitoproduction Be

yondthattheeconomicsofstockingandrestockingafter
bluestonetreatmentordrainingshoulddeterminewhether
ornotGambusiacanbeusedeffectivelyAveryimportant
partoftheeconomicsisproducinganadequatesupplyof
fish

Theremainderofmytalkwillbeareportofafieldtest
oftwostockingratesofGambusiaaffinisBairdandGirard
formosquitocontrolinriceThedetailswillbepublished

Figure1MapofthestudyareaTotalarea145acres35ofwhichwerestockedwithfishThestockingratesandexperi
mentalcontrolplotsareindicatedby2001000and0

0
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18Mile 1000
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inMosquitoNewsasapartoftheProceedingsofthe26th
AnnualMeetingoftheAmericanMosquitoControlAssoc
iationHoyandReed1970

AbriefdescriptionofthestudyisasfollowsDavidE
ReedManagerEntomologistoftheFresnoWestsideMos
quitoAbatementDistrictandIbeganthestudyinMarchof
1969Theexperimentaldesignwasrandomassignmentof
threetreatments1000fishacre200fishacreand0fish
acretothepaddiesofasinglericefieldEachtreatment
wasreplicated6timesFigure1showsthearrangementof
thefieldwithrespecttostockingratesTheleveeboxes
werescreenedwithboth4and8meshhardwareclothto

preventrnovementofthestockedfishallofwhichwere
largematurefemalesThepaddieswerestockedinlateMay
andevaluatedformosquitoproductionfivetimesattwo
weekintervalsbeginning23JuneEvaluationbyexperi
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mentallynaiveandexperimentallysophisticatedmengave
verysimilarresultsThesecomparisonsweremadeduring
thefirstandthirdevaluations

Forthewholeseason94ofthelarvaeandpupaeall
wereCulextarsalisCoquillett foundwereinthepaddies
wherenofishwerestocked5werewherethestocking
ratewas200acreand1werewherethestockingratewas
1000acre

FromthisstudyweconcludedthatGambusiacanbe
quiteeffectivewhenstockedat200acreandabroadscale
testingprogramisjustified
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ADDITIONALNOTESONCAMBUSIAHUSBANDRYINTHE
SACRAMENTOCOUNTY YOLOCOUNTYMOSQUITOABATEMENTDISTRICTPROGRAM

RichardRussell

SacramentoCounty YoloCountyMosquitoAbatementDistrictSacramento

Sincethelastconferencethatwasheldherein1964
severalimprovementshavebeennotedinourfishhusbandry
programThemostimportantaspectistheuseoftheseries
pondtypeofsewerlagoonsystemasaGambusiafishrearing
pond WehavetwoofthesesystemsoperatinginYolo
CountyOneislocatedatEspartowhichisaboutseven
yearsoldandisafivepondsystemwithfourpondsactive
TheotherislocatedatMadisonwhichisaboutthreeyears
oldandisathreepondsystemwithtwopondsactiveBoth
systemsservecommunitiesof1500orTess

TwothousandGambusiafishwereintroducedintothe

finalor4thpondatEspartoaboutfiveyearsagoThenext
year300000fishwereremovedThefollowingyearsthe
numberincreaseduntil1968wheninexcessof15million
fishwereremovedIn198fishwereintroducedintothe
thirdpondattheEspartosystemThesefishmultipliedand
grewatanamazingratewiththeresultthatover3million

fishwereharvestedfrombothpondsin1969Aninspec
tionofthepondsinOctoberof1969showedthatthenum
beroffishappearedtobeatalevelequaltothatofMay
1969orbeforeanyfishhadbeenremoved

ThepondsatMadisonshowasmuchpromiseasthe
EspartopondswiththeexceptionthatMadisonhasonly
200 usersresultinginalowerrateofspillfrompondto
pond Throughthecooperationoftheservicedistrict
freshwaterwasintroducedintothesystemmaintaininga
favorablelevelintherearingpondfinalpond From

42750fishplantedinthefallof1968350000werere
movedin1969Withtheapparentgrowthandmultiplica
tionnotedlastfallweanticipateaharvestofmorethanone
millionfishin1970

SeiningofthepondsisquiteeasySincethewatercan
beregulatedinthefinalpondsthelevelisloweredto2
to3deepduringthefishLarvestseasonenablingthecrews
towadetheentirepondA50to75threesixteenthseine

isusedandinadistanceof200wecanusuallycatchfrom
80to120000fishperpassSincethewaterlevelcannotbe
loweredinthethirdpondseiningisdonebyusingaropeon
theseineThismethodtakesalittlelongerbutthenumber
offishcaughtisaboutthesameastheothermethod

Tworevisionsareutilizedinthetransportingofthefish
Thefirstisthat15gallongarbagecanswithlidsarenow
usedinplaceofthemilkcansThisenablesustoincrease
thecapacityoffishfrom6000to1015000fishpercan
ThesecondrevisionistheuseoficetocoolthewaterThis

methodisusedonlywhenthefisharetobekeptforanex
tendedperiodoftimeinacrowdedtransportingcontainer
Adequateaerationisstillusedatalltimes

Theuseofourtwowayradiosystemprovedtobean
invaluabletoolforthetransportingoffishDuetoare
peaterstationlocatedonamountaininwesternYolo

Countycompleteradiocoverageofourdistrictisachieved
Thisallowsustodirectthetransportingtruckstoplanting
areasandtocallforassistanceintheeventofabreakdown
withaminimallossoftimeandfish

Pondmaintenanceisstillcarriedoutalthoughonasmall
erscaleInthecaseofthelagoonpondsmostmaintenance
isdonebytheservicedistrictHoweverourDistrictcoop
eratesbydoinglimitedchemicalcontrolofweedsaround
thepondsthatweuseAlsoourmechanicbuiltaweed

cutterthatisusedtocutpondweedsintheseiningareas
Thislightweightpieceofequipmenthasprovenverysuc
cessfulinouroperation

Soilsterilantwasusedaroundallthegatesparking
areasandtrailareasinandnearthemountainreservoirs

thatweuseinrearingpondsThispracticereducesthe
hazardoffireandofcoursethatofrattlesnakeswhichare
everpresentaroundthereservoirs



EQUIPMENTDEVELOPMENTFORWETLANDMOSQUITOCONTROL

KarlLJosephson
BoxElderCountyMosquitoandFlyAbatementDistrict

BrighamCityUtah

TheBoxElderCountyMosquitoandFlyAbatement
DistrictconsistsoftheperimeterofBoxElderCountyand
contains5600squaremileswithanassessedvaluationof
64millionAtamaximumtaxingabilityofonemilllevy
itisimpossibletoreceiveenoughmoneytocontrolanarea
ofthissizeWeareonlyattemptingtocontrolmosquitoes
inthemorepopulatedareas thiscoveringapproximately
2500squaremiles

InourDistrictwehavethelargestfederalgamebirdre
serveintheworldWehavetwothirdsofGreatSaltLake
tworiverseachrunning50milesthroughourDistrictthe
largestareaofirrigatedfarmsinthestateand40or50pri
vateduckclubs

Wehavemanyvastsubmarginalareasofnaturalwild
grasspasturesurroundingthelakeandriverareasandthis
problempromptedourdevelopmentofavehiclethatcould
makeditchestocontrolthewaterintheseareas

Inthefallof1963ItalkedwithmysonPaulwhowork
edwithThiokolLoganDivisionasadesignerofoffhiway
snowvehicles Wetalkedofatractorthatmightpulla
ploworditcherinoursoftmuddysubmarginalareasHe
toldmetheSpryteshoulddothejobWearrangedfora
demonstrationThedatewassetandIborrowedanew

InternationalditcherfromBrighamImplementThisditch
erdidnthaveahydraulicramonitandwasadjustedonly
byhandcrankWetowedtheditchertothefieldbyJeep
andmetPaulwiththeSprytethereWehadsomeboard
memberspresentandsomeofouremployeestherealso
ThefieldwasnorthofBrighampartofalargemeadowarea
thatisalwaystoowettofarmWedecidedtofollowanold
drainthatwasfilledfromyearsoftrompingbycattleand
otherlivestockThegroundinthisareaoozedwaterasyou
walkedonitandhadafairsodofsaltgrassetcWestarted
outandwhatasurprise Wemadeaditchabeautiful

ditch18deepand36wideAsweproceededatabout
5mphtheditcherwentdeeperanddeeperandstoppedthe
SpryteWebackedtheSpryteandditcheroutreadjusted
theditcherandwentonWesoongotintostandingwater
afootdeepontopofthegroundWestillwentonmaking
theditchtotheplacewherewewantedtostopThiswas
morethanahalfmileofditchinlessthananhourandin
anareathatasoneboardmemberputitwouldmirea
saddleblanket WhatathrillIhadputsomethingto
getherthatwoulddomuchgoodinareasthatwereso
neglected

During1964wemadeasurveyofallsubmarginalareas
bytakingacrosssectionofpropertyneedingserviceWe
thenmademapsoftheseareasfiguredapproximatelengths
anddepthsofditchesneededandcontactedalocalcon
tractortogethispricetodigthesedrainsTheleastexpen
sivebidusingabackhoewas20000

Tothepropertyownerssurveyedwesentaletterex
plainingtheobjectofthesurveyandaquestionnairetobe
answeredandreturnedinaselfaddressedpostagepaiden

velopeOnthisweaskedWouldtheyconsiderpayingall
partornoneofthecostforthedrainswesuggested
Morethanhalfofthereturnedsheetssaidtheywouldbear
partofthecostandonlythreesaidnodrainconstruction

ThisinformationwaspresentedtotheBoardduringthe
winter196465andaftermuchconsiderationanddiscus

sionIwasdirectedtopurchasetheequipmenttostarta
watermanagementprogram MeantimeIhadmetwith
BlaineRichheadofThiokolLoganDivisionWediscussed
ourproblemandhecameupwithaSprytetheyhadtaken
inonatradeforalargertypesnowvehiclefromMountain
FuelSupplyThisunithad27hoursuseonitWepur
chaseditwithalowgearfor5617anewInternational
ditcherfor398withahydraulicramattachedtoraiseand
lowertheditcherwithcontrolsinthecaboftheSpryteand
atrailertohaultheSpryteforonehundredandfiftydol
larsThetotalcostwas6165

Wefeltthatwecouldconstructthedrainsfor10per
hourpayingallcostsincludinglaborforcontactingprop
pertyownersforwatercontrolforactualfieldworkand
proratingtheequipmentcostoveratenyearperiodAfter
ourfirstyearweraisedthisto15perhourwiththeprop
ertyownerspayinghalfthecostandourDistrictpayingthe
otherhalf

Inmostareaswecanaverageamileofditchperhour
Someareasareslowerbecauseofexcessivewetnessorthe

typeofplantgrowthstheysupportInwetordampsodwe

FigureISpryteandditcher
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dowellbutintulesandbayonetgrassinextremelywetland
ouroperationsareslowedWeveryseldomfindlandthatis
toowetbuthavedonesoinafewcases

Sofarwehavebeenkeptbusytakingcareofservicere
questsNeighborsadjacenttoareaswherewehaveprovided
servicewantthesameserviceperformedforthemwhilewe
arethereAsrequestscomeineachownerisapproached
hislandcheckedandmappedandproposedditchlocations
agreeduponbyhimandotrDistrictrepresentativePapers
aresignedbytheowneroneguaranteeingpaymentofhis
shareofthecostsandonereleasingusfromdamagesthat
mightresultfromourwork

Wemountedasprayboomandsprayerontherearofthe
SpryteandpowereditwithasmallBriggs Strattonengine
Theboomisafoldawaytypeandwefoundwecanspray
uptohacreperminutewiththisequipmentItcoversa
fiftyfootswathandweusethisinareasuptofiftyacresin
sizethatcantbesprayedbyjeepWealsohaveahand
nozzleandhoseweuseforspotspraying

Thesuccessofthisprojectisreflectedinthereduction
ofsourcesofmosquitobreedingareasaswellasbetter
farmingmethodsWehaveseenpasturesthathadtoomuch
wateronpartandnoneontheotherpartraiseapoorcrop

INJECTIONOFDURSBANSPRAYEMULSIONATHALFMILEINTERVALS
CONTROLSMOSQUITOES CHIRONOMIDLARVAEINLARGEDRAINAGECHANNELS

AlbertHThompsonCurtisLBarnesandDouglasAMathews
OrangeCountyMosquitoAbatementDistrictSantaAna

IthasbeenthegoaloftheOrangeCountyMosquito
AbatementDistricttokeepimprovingthecontrolofmos
quitoesandChironomidmidgesinfloodchannelsAfew
yearsagowhencontrolofthesechannelsstartedtheonly
knownwayatthattimewastheuseofliquidlarvicides
Duetothewidthofthesechannelsatwomanoperation
onesprayingandonedrivingwasnecessaryAhighpres
suresprayrigmountedonaY4tontruckwithfourwheel
drivewasrequiredChannelswithbottomswiderthan40
ftourwidestchannelis300ftrequiredoneoperatorto
spraywhilewalkingthebottomedgeofthechannel
Anotherwaywastosprayfrombothsidesoftheservice
roadAllofthistookalotoftimeespeciallywhenma
terialranoutTheoperatorwouldhavetoleavethechannel
tofindasourceofwaterbeforehecouldmixanewtank
fullofspray

Afterafewyearsoftreatingfloodchannelsusingthis
methodtheDistrictswitchedovertotheuseofgranulein
secticidesInternationalHarvesterScoutsaThiokolSwamp
Spryteandanairboatequippedwithcompressedairspray
unitsusingtheOrangeCountyCompressedAirGranule
GunwereusedforapplyingthegranulesThismethodof
treatingchannelsprovedtobemuchfasterandsavedtime
becausetheoperatorcouldcarryenoughgranulestocarry
himthroughthedaywithoutstopping

OrangeCountyhasbeenconfrontedinthepastseveral
yearswithaneverincreasingmidgeproblemInsomelo
cationswehavefoundthattheChironomidmidgesarea
greaternuisancethanmosquitoesespeciallyinthepasttwo
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ofmeadowhayonpartofitAfterthiswasditchedthe
toowetareaandthetoodryareaallraisedagood
cropofhaybywatermanagementWehaveseenwetareas
driedupsoalargermorepermanentdraincouldbedugby
abackhoeWehaveseenareasdrainafterfloodingwhether
causedbyrainoroverirrigation

Wearenotgivingcompetitiontoanycontractorasnone
ofthemhaveequipmenttogointothesewetsubmarginal
areasandmakeditches

In1969wepurchasedaViconFertilizerspreaderand
mounteditontherearofourSpryteThisisprovingvery
successfulinspreadinggranularinsecticideItmakesagood
evenspreadandisaccurateintheamountofapplication
peracreWecanapplyfrom5to2500poundsperacre

WehavehadtomakesomechangesonourSpryteduring
theprocessofmakingditchesoneofthesebeingstronger
beltsforthetrackanotherreplacingtherear1500pound
axlewithanew3000poundaxleWehaveput1600x16
tiresontheditcherwhichgivesusmuchbettercontroland
madeotherminorchangesThiokolworkedwithusonthis
allthewaygivingusveryfinebackingandcooperation
Theyalsomademoviesofseveralofouroperationstouse
insellingtheirequipment

orthreeyearsduetothegreatinfluxofpopulationWe
havefoundthisproblemtobeacutenearourfloodchan
nelsandlargerainfilleddepressionsthroughoutthelower
elevationandthecoastalareaofOrangeCountyFarm
landswhichpreviouslyhadproduceddrylimabeansand
tomatoeshavebeenreplacedwithhomeslocatednextto
thesebreedingsources

Streetrunoffwaterfromtheresidentialandcommercial

areasfindsitswaytothenetworkofdrainageditchesand
floodchannelswhichserviceoururbanareaofsome320sq
mileswithapopulationofover1000000peopleThe
drainagewaterishighinnutrientsandcreatesaveryfavor
ableenvironmentformidgeproductionthroughoutthe
yearexceptduringoutinfrequentfloodflowsduringour
wintermonthsofJanuaryFebruaryandMarchThevolume
ofstreetrunoffwaterissufficientthroughouttheremain
ingninemonthstomaintainaconstantflowtoadepthof
sixinchestoseveralfeetinmostchannelsMidgelarval
populationswillrunfromeightto150persqftofbottom
mudMudsamplesaretakenbyaspeciallydesigned4x4
nylonnetLarvalcountsaremadeinthefieldbyusinga
gridscaledpanDuplicatemudsamplestakenbyourvec
torecologistusingglycerineforseparationoftheverysmall
midgelarvaecontainfrom50toover800midgelarvaeper
sqftUsingtheseactualfiguresforthe107channelsrun
ning250milesinlengthonecanreadilyestimatethetre
mendousnumbersofadultmidgeswhichcanbeproduced
bythesechannels

Duringthe1968seasonbothBaytexandAbategran



Table1 ToxicantinjectiontimeforcontrolofChironomidlarvaeandmosquitoesindrainagechannels
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uleswereusedwithreasonablesuccessforChironomussp
midgesbutwithverylittlesuccessonTanypusspmidges
Excellentconditionsfortheproductionofmidgesoccurred
in1969immediatelyfollowingthewinterfloodsDuring
MarchandApril20to56servicerequestswerereceivedper
dayWiththemidgesbeingamosquitolikeinsectthemos
quitocontroloperatorshardestjobwastoconvincethe
requesterthatthemidgeswerenotmosquitoesandcould
notbiteTruethemidgeisanonbitinginsectbutthe
physicalannoyanceandmentalagonyitafflictsonthe
residentcanbegreaterthandozensofmosquitoesHomes
locatedwithinaquartermileofthebreedingsourceshad
thousandsofmidgesrestingontheoutsidewallsunderthe
eavesandindoorwaysTheyenteredthehomethroughthe
slightestcrackinthedoororopenwindowespeciallyat
nightsincetheyareattractedtoartificiallightThroughout
thisperiodwhenhordesofmidgeswereinvadingresidential
areasourDistrictwasabletomaintainandactuallyimprove
publicrelationsonlybecauseourmosquitocontrolopera
torshadthetrainingandthepatiencetoexplaintheprob
lemtoeachrequesterandtoadviseonwhattheDistrictwas
doingtohelpalleviatethenuisance

InAprilwefirstexperimentedwithDursban4lb
emulsifiableconcentratebytreatingafloodchannelatthe
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of

of
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005Ibstoxicantacre
0018ppmfor12depth
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1 0
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2 0
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3 0
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4 0
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5 0
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15 0

20 0

25 0

30 0

35 0
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rateof005lbperacreusingtheinjectionmethodA
fourhourreinspectionshowedsuchphenomenalresults
thatpicturesweretakentoshowthemassesofredChiron
omussplarvaethatcameupfromthebottommudtofloat
downstreamFromthispointwesetplansinmotionfor
powerinjectionwithDursbanathalfmileintervalsatperi
odsof7to10daysAftertwomonthsofrepetitivetreat
mentsmidgepopulationswerereduced60to70 We

feeltheseresultsweresooutstandingwearenowlaying
planstoexpandthisprogramthroughouttheDistrictin
1970

Intheteststhatweremadeduringthesummerof1969
Dursbanwasusedtomakeastandardspraysolutioncon
taining005lbpergallonThisspraysolutionwasapplied
at40poundspressureusingaSprayingSystemsNo22Gun
JetwithasolidstreamnozzleNo0002dischargingatthe
rateof02gpm Thechannelsweremeasuredfortotal

lengthandwidthtofiguretotalacreageofbreedingsource
areaAworksheetismadeuponeachchannelgivingthe
acreagebetweenstreetcrossingbridgesandthenumberof
minutesandsecondstoinjectthespraysolutionateach
bridgeTheinjectiontimerequiredperacreisshownin
Table1Onegallonofemulsionsprayisrequiredtotreat
oneacreat005lbThetreatmenttimewouldbefivemin

77



uteswiththeNo0002nozzleUsingastopwatchwein
jecttheamountofemulsionneededcorrespondingtothe
amountofacreageinthathallmilesection

Tosamplethechannelsthreeteststationsoveraone
halfmilesectionwerestakedwithmarkersinordertoin

surereasonableaccuracyoflocationOneoftheteststa
tionswasjustbelowtheinjectionpointtogetasamplingof
maximumkillAsecondstationatthemiddleofthehalf

milesectionandathirdattheendtodeterminethekill
rateTwomudsamplesweretakenfromeachstationand
theaveragemidgelarvalcountrecordedBeforethechannel
wasinjectedapretreatmentcountwasrecordedforeach
ofthestationsThreedaysaftertheinjectionaposttreat
mentmidgelarvalcountwasrecordedThepercentofkill
ateachstationandanoverallpercentagekillfortheentire
channelwasfigured

Midgelarvalsamplestakenearlyinthesummerof1969
showedanaverage75100killonChironomusspafter
thefirstinjectionNoreoccurrenceofChironomussplar
vaewasobservedfortherestoftheseasonTheTanypus

DoesyourdistricthaveasafetyprogramDoesyour
districthaveanInServiceTrainingProgramonSafety
Procedures Doesyourdistricthaveacontinuousmoni
toringprogramofthesafetypracticesoftheindividual
employee

Manydistrictshavesafetyprogramsandmakethesepro
gramsakeypointinthetrainingofthenewemployeeToo
oftenthoughthisisnotacontinuingprogramfortheem
ployeewhohasbeenemployedfor510or15ormore
yearsTrainthemonceandforgetitistoooftenthe
philosophyinmanyorganizationsTherealizationofthe
importanceofsafetyinallaspectsoftheoperationsofa
mosquitoabatementdistrictmustberenewedonaregular
basis Theprogramshouldadmonishtheindividualthat
safetyisawayoflifehislifeandthosearoundhim
Pointouttoeachindividualthathenotonlyshouldprac
ticesafetybutheshouldbeawareofhowthosearound
himpracticesafetyThereareattorneysaroundwhomake
averyfinelivingbygettingholdofindividualswhohave
beeninjuredpoisonedburnedorhavedevelopedpsycho
logicalproblemsrealorimaginedCourtcaseshavebeen
lostbecausetheemployercouldnotprovethattheem
ployeehadreceivedinstructionsontheproperhandlingof
materialsorequipmentWiththelackofprooftheem
ployeecanclaimnegligenceonthepartoftheemployer
andcollectdamages Thiscanandhashappenedeven
thoughthecaseswerecompletelycoveredbyinsurance

Youhaveasafetytrainingprogramanditisbeing
taughtonaregularbasisNowcomestheprogramwithin
aprogrammonitoring Whoisgoingtomonitorwhom
Ifyourprogramisproperlyorientedyouaregoingtomon
itoryourselffirstYouaskAmIwearingtheproperpro
tectiveclothingwhenIhandleanyinsecticides Ifyou
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INSERVICETRAINING SAFETYPROCEDURES

ELGeveshausenSuperintendent
SoutheastMosquitoAbatementDistrictSouthGate

spmidgelarvaewerenoteffectivelycontrolledduringthe
earlypartofthesummerbythistreatmentAscontinuous
injectionsweremadeeverytendayshowevercontrolin
creasedfrom10toanaveragekillof65bytheendof
JuneThisaveragepercentkillremainedaboutthesame
throughtheremainderofthesummerandprovedtobead
equatetorelievethehomeownersofthegrossnuisancefrom
adultmidgesLaterweextendedourinjectioncycleto14
dayswithgoodsuccessWeareconsideringlengtheningour
cycletothreeweeksduringthe1970season

Ithasbeenourexperienceduringthe1969seasonthat
theuseofDursbanatadosagerateof005lbperacre
appliedevery14daystofloodchannelsbyourinjection
methodatonehalfmileintervalshasadequatelycontrolled
bothChironomusspandTanypusspmidgelarvaeSince
thisinjectionmethodrequiresonlyonesprayoperatorthe
manhoursrequiredtocontrolour250milesoffloodchan
nelswillbereducedbyapproximately50ascomparedto
ourpreviousareaspraymethodrequiringtwosprayoper
ators

dontknowaskyoursupervisorAmIapplyingthein
secticideinamannerthatcanbeconsideredsafetomyself
tothepublictodomesticanimalsandtowildlife Ifyou
arenotsureagainaskyoursupervisorDoIwearthe
properprotectiveclothingsuchasrubberglovesrespira
torsDoIwearadequateclothingtokeepasmuchof
mybodyunexposedaspossible Youhavebeeninstructed

astotheproperproceduresforthedisposalofcontainers
areyoufollowingthoseproceduresYouhavenowbeen
monitoringyourselfonthepropersafetyproceduresin
handlingapplyingandmixingofinsecticidesYoushould
nowapplythesameprinciplestotheactivitiesofyourco
workersandtheytoyouThisisreallytheheartofthe
programbecauseunfortunatelytheoldclicheFamiliarity
breedscontemptisparticularlytrueinthehandlingof
insecticides

TheprogramIhaveoutlinedisequallyeffectiveforthe
safetyproceduresprogramforshoppracticesandvehicle
operationsThisprogramcanandshouldbeimplemented
withoccasionalquizzesonthevarioussafetyprocedures
thathavebeenimpartedtotheindividualQuestionsand
suggestionsshouldbeencouragedtoinvolvemoretotally
eachandeveryemployeeincludingmanagertechnicalstaff
foremenmechanicsoperatorslaborersandofficeperson
nel

TheSoutheastMosquitoAbatementDistrictsprogram
onsafetyproceduresconsistsoftwoformalinstruction
sessionsduringtheyear Thefirstsessionisconducted

duringthemonthofMarchforallpermanentpersonnel
Thissessionisparticularlydesignedasarefreshercourseon
allphasesofsafetyAtthistimetheprogramisanalyzed
onthebasisofthepastyearssafetyperformancerecord
Anysuggestionsforimprovementsoradditionstothepro



gramarethencalledforThesecondsessionisconducted
whenallofthesummeremployeeshavereportedforwork
inJuneThissessionisthemostcomprehensiveofthetwo
sessionsandattheconclusionofthesessionaquizisgiven
onthedifferentphasesoftheprogram

Thesafetytrainingprogramisdividedintothreemain
categories vehiclesafetyinsecticidehandlingandshop
practices

Thevehiclesafetyphaseoftheprogramisparticularly
concernedwithpreventivemaintenanceAchecklistfor
thedriverisamustWhenyouarelookingforfaultsyou
shouldbeawarethatasmallfaultordeficiencycanmake
yourvehicleunsafeandahazardtoothersonthestreetor
highwayItisthedriversresponsibilitytospottheshort
comingsanddeficiencies Heisnaturallymorefamiliar
withthevehiclethanisthemechanicIfhecanthandle

theprobleminhisnormalmaintenancedutiesheshould
tellthemechanicWeputparticularemphasisondefensive
drivingtechniquesandobservingallpostedtrafficregula
tionsThereshouldneverbeanyexcuseforexceedingthese
limitsThesafetyequipmentprovidedineachvehiclemust
beusedwithnoexceptions

Thatphaseofoursafetyprogramconcernedwithinsec
ticidesbeginswithastudyoftheCooperativeAgreement
withtheCaliforniaDepartmentofPublicHealthrelatingto

TheSanJoaquinMosquitoAbatementDistrictacquired
itsfirstaircraftforuseatthestartofthe1964spraying
seasonPriortothistimetheDistrictcontractedallair

craftsprayingAstheamountofhoursflownincreasedit
becameeconomicalfortheDistricttoacquireitsownplane
andpilot

Duringthe1964seasonouraircrafttreatmentwaslim
itedtoliquidapplicationsDuringthistimewebecame
awareoftheneedofanalternatemethodoftreatmentas
wequiteoftenhadneedtotreatanorchardwithfruitbeing
harvestedornearharvestortotreatasourcenearbeesor
wherebeeswerepresentorinthosefloodedareaswith
densevegetationwherefiveoreventengallonsperacre
failedtocontrolAedesuexanspopulations

Ourfirstgranuletreatmentswerein1965withthestan
dardPiperspreaderandwereverysuccessfulwiththeex
ceptionofAedesvexanscontrolinheavywoodedareas
withextremelyheavyunderbrushControlintheseareas
waslaterobtainedbytheuseofmalathiondust

Becauseoftheresultswiththelargespreaderandour
uniquesituationintheSanJoaquinDeltawestartedto
thinkofamethodofapplyinggranulesinarelativelynar
rowswathIntheDeltawehavethousandsofacresnear
orbelowsealevelwhichiscrisscrossedwithditchesforir

rigationanddrainagepurposesWehave1800milesof
theseditchesthatareapproximatelyfourfeetinwidthand

LoydMessenger
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pesticideusageAcopyofthisagreementisfurnishedtoall
employeesandtheyarerequiredtobecomefamiliarwithit
Aquizisgiventoeachemployeeregardingtheallowableap
plicationrateofeachpesticideusedandofthedifferent
formulationssuchasemulsionsgranulesoilsandcombin
ationsofoilsandpesticidesWeplaceparticularemphasis
ontheneedofeachemployeeknowingwhatheisusing
theamountsandmethodsofapplicationforhissafetyand
thesafetyofthepublicFollowingthisistheobservance
ofrulesforcleanupequipmentandpersonnelproperdis
posalofusedcontainersandtheWarningReadandUnder
standallPrecautionsListedonLabelsBelieveWhatYou

ReadOntheLabel

Ourshoppracticessafetyprogramstressestheuseof
safetyequipmentprovidedbytheDistrictwhenusing
equipmentsuchasweldersdrillpressesgrindersBesure
thatpropersignswarningofthehazardsinvolvedwhen
usingsuchequipmentarepostednearbyAllemployees
arecautionednevertouseanyequipmentwithouttraining
byqualifiedpersonnelEachemployeeisagaininstructed
tomonitorhissafetyproceduresandofthosearoundhim

Thesafetyprogramofanyorganizationmustbeacon
tinuousprogramthroughouttheyearTheremustbean
awarenessonthepartofeachemployeethatasuccess
fulsafetyprogramdependsontheactionsofeachandevery
oneuntilallsafepracticesareaningrainedhabit

ANARROWSWATHAIRCRAFTSEEDERFORGRANULARAPPLICATION

24to36inchesdeepTheyvaryinlengthfromlessthan
100yardsto34ofamilewithanaveragelengthofprob
ablyalittleoveraquarterofamileThisisjusttothe
westandnorthwestoftheCityofStocktonOurprevailing
windsarefromthenorthwest290sowhentheseditches
becomeovergrownandchokedwithheavyweedgrowth
theyarearealproblemasfarasmosquitocontroliscon
cernedSpeciesproducedintheditchesareCulexpeas
CulexpipiensandCulextarsalistheencephalitismosquito
Lateintheyearsomeinophelesoccur

Inmostcasesasparagustomatoesorsomeotheredible
cropsareplantedrightuptotheditchmakingitimpossible
totreatwithapowerunitAmanwasabletotreatonly
eightmilesofditchesadaybyhandbecauseofthetime
spentingettingtoandfromtheworkareatimespentin
refillingthehandcanorgranulebagandbecauseofthe
natureoftheterrainWearenotabletousefishinthese

ditchesbecausetheyareintermittentlywetanddryThis
ledustoourexperimentswiththenarrowswathapplication
ofgranulesinthespringof1966

Wefirstattemptedanarrowswathbyreleasingastream
ofgranulesoutthecenterofthedumpgatewithnospread
erHoweverthepropellerblastandotherwindeddiesgen
eratedbytheaircraftstructureitselfmadethismethodin
effectiveNextwetriedgettinganarrowswathbyputting
granulesonlytothecenterofthestandardPiperspreader
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Wefoundwehadgranulesdistributedoverthesamerange
asifwehadintroducedthemintoeachvaneofthedistribu
tor

Ithendesignedaspreaderwithonlyonevaneinsteadof
theeightonthePiperunitThePiperunitwasusedasa
patternforthegeneraldimensionaroundthehoppergate
andafrontopeningoffourtimesthesizeoftheoutletwas
decidedontotrytoovercomethepropellerblastThe
plansweresubmittedtoalocalsheetmetalshoptohave
theunitbuiltbutthepricewasestimatedtobeinexcessof
300foraunitthatIwasntsurewouldworksatisfactorily
soIdecidedtobuilditmyselfintheDistrictshopCostfor
materialwasapproximately25andinvolvedaperiodof
twodaysconstructionItisbuiltoutof20gaugegalvan
izedsteelasthatmaterialseasytoweldandisreadily
availableWeightisnoproblemastheunithangsunderthe
aircraftcenterofgravityandrefuelingisrequiredbefore
theentirecontentsoftheI800lbscanbedistri
butedAnotherreasonthatweightisnttoocriticalisthat
thegeneraldimensionsaresuchthatdragproducedisnt
nearlythatofthelargerunit

Itisnecessarytobuildapatewithanadjustableopening
initscentertofitintothethroatoftheaircrafthopperto
restrictgranuleflowtothesmallapplicationratesdesired
andtothecenterofthedumpgate

Figure1 StandardPiperapplicatorandSanJoquinMosquitoAbatementDistrictnarrowswathgranuleapplicator
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Tocalibratetheunitweputgranulesinthehopperand
flewoveronegalloncardboardtubstodetermineourswath
widthsNextweweighedspecificamountsofgranulesinto
thehopperandflewameasuredcoursethenlandedre
movedthespreaderdumpedandweighedthegranulesleft
intheaircrafttodeterminetheamountreleasedThesize

oftheopeningintheplatewasthenreadjustedthespread
erputbackonandthepreviousprocedurerepeatedAfter
anumberofflightswehadtheunitcalibratedtofive
poundsperacre

Weusea55gallonchemicaldrumsplitlengthwisewith
aThandleattachedtoemptytheaircrafthopperofthe
granulesremaininginitThisunithascastersinstalledto
makeiteasytorollinandoutfromundertheaircraftas
dobothourlargeandsmallgranulespreaders Weare

coveringaneffectiveswathwidthofsixfeetinorderto
assurecoverageoftheditches Itisnecessarytolimit
flightstotimesofcalmorlightwindconditionsasthe
granulesarequiteeasilydisplacedtothesidebyacross
wind

Weareusinghighrelease2parathiongranulesofa
15meshsizeItismostimportantthatthegranulesbeof
anevensizeandbefreeofexcessmoisturetoassureauni

formflowAnylumpsquicklyplugthesmallopeningAt
fivepoundsperacreitisimpossibletoseeanythingflowing

SJMADNARROWSWATHINSTALLATION



fromthespreaderandthegranulesgodownsoslowlyin
thehopperitmaybesometimebeforethepilotrealizeshe
hasaflowstoppage

Acresgranuledhavebeenapproximately6ofourtotal
acrestreatedyetinmanhoursandaircraftflyingtimeit
amountstoapproximately30ofourtotaltimeThisis
becauseoftimespentininstallingthegranuledispenser
loadingferryingtoandfromthejobandtheverynarrow
swathcoveredWeareabletotreatabout50acresperhour
Wearetreatinglessthanoneacrepermileofditchesflown

Ourchemicalcostisaboutfourtimesthatofliquidso
onecanreadilyseethatthistypeofmosquitocontrolis
rathercostlyInthoseareaswhereothermethodsarent
availableandwherenearbyresidentialpopulationsexist
thecostismorethanjustifiedThisisparticularlytrue
whenCiarsalistheencephalitismosquitoisbeingpro
ducedintheditches

Thejobofasupervisoristosurroundpeoplewithall
thoseinfluencesthatwillreleasetheirfullpotentialitiesAs
asupervisoryoureffectivenessismeasuredbyyourability
tomotivatepeopleobtainproductionwithinyourunitAs
asupervisoryouarenolongerjudgedonthebasisofhow
muchyoucanproduceYourjobisplanningorganization
leadershipcontrollingevaluationcommunicationspublic
relationsdisciplineabsenteeproblemsbutnottoperform
controloperations

InourCivilServicesystemwelookforpersonswhohave
operationalabilitiesgoodjudgementandindividualoutput
andselectthesepersonsforsupervisorsMostsupervisors
arepromotedfromthesameworkforcetheysupervise
Thisnewchangeoftitleputsyouintowhatwerefertoas
thevitalshift Formerlyyouwereoneoftheboyshow
evernowyouareapartofmanagementYourrelationship
haschangedYoushouldattempttoestablishfriendlyre
lationshipswithothersupervisorsassoonaspossibleEx
changeadviceinformationpersonnelequipmentandassist
anceButmostofallestablishrelationshipswiththework
forceHerearesomeofthequestionsthattheworkforce
willask1willheusehisauthoritywillhethrowhis
weightaroundwillheplayfavorites2whatcanhedofor
me3whatwillhisattitudebewillhebeasfriendly4
howwillitbetoworkforhimwillhebeharderhowcan
Igetaroundhim

Itisyourresponsibilityasasupervisortomakesurethese
questionsareansweredthroughyourbehavoirfromthe
verymomentyouacceptthepositionYoushouldalways
createarelaxedfreeenvironmentwhichwillbeopenfor
discussion

Avitalfunctionwhichyouasasupervisorwillencounter
isvolunteeringfactualandunbiasedinformationtoyour
supervisoraboutyourunitsworkThisinformationwill
assisthiminbetterplanningtheDepartmentsworkIfyou

SUPERVISION

EdwardLeipelt
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Onedisadvantageisthatgranulesarenteffectiveonthe
adultpopulationorthepupalstagesoitishighlyimpor
tanttotreatwhenthemosquitobreedingisinanearly
stageofdevelopmentWeweresomewhatdisappointedto
learnthatgranulesdonotpenetratecertainvegetationsuch
asheavywoodedareasortallcornetcanybetterthando
conventionalemulsions

Treatmentofditcheswithgranuleshasbeenoneofour
standardtreatmentmethodsforthepastfouryearsTaking
everythingintoconsiderationwearequitepleasedwiththe
resultsfromthenarrowswathspreaderandwillcontinueto
useituntilsuchtimeasamoreeconomicalmethodof

treatmentisavailable

Wearedoingsomeexperimentingwiththesluggingor
dripmethodofapplyingchemicalstoditchesbutthismust
besomewhatlimitedasthiswaterispumpedintotheSan
JoaquinRiver

haveanyuncertaintyastowhatinformationyoursuper
visorneedsanswerthetraditionalquestionsofwhowhat
wherewhenandhowIfhewantsmorehewillaskforit

Makeyourinformationjobrelatedavoidpersonalprob
lemsprivateliveschoosesubjectsthatareimportanttohis
workTrytoanticipateproblemsthataredevelopingneed
edequipmenthazardsweatherpersonneletcTrytoan
ticipateanswersandquestionsyoursupervisorwillbeasking
inordertoachievedesiredobjectives

Wordsareourprimarymeansbywhichwecommunicate
andmosterrorsincommunicationsareduetothekindof

wordsweuseBecarefulaboutusingwhatwecallslippery
wordsandslipperysentences Onewordmaymean
manydifferentthingstodifferentindividualsTheword
runhasapproximately26differentmeaningsIamgoing
toreadyouseveralamusingexamplesofslipperysentence
constructionfromwelfarerecipients1MrsJoneshas
nothadanyclothingforayearandhasbeenvisitedregular
lybytheclergy2ThisismyeighthchildWhatare
yougoingtodoaboutit 3Pleasefindoutforcertain
ifmyhusbandisdeadastheman1amlivingwithcannot
eatordoanythinguntilheknows4Iwantmymoney
asquickasIcangetitIhavebeeninbedwithadoctorfor
twoweeksandhehasntdonemeanygoodIfthingsdont
improveIwillhavetosendforanotherdoctorIhope
thatsomeofthesestatementsjustmentionedwillhelpclar
ifythemeaningofaslipperysentence

Leadershipisrarelyattainedbyindividualswiththesame
combinationofeducationandexperienceThefactthata
personisinapositionofleadershipdoesnotmeanheisan
effectiveleaderWehaveformalandinformalleadership
Mostgovernmentalorganizationsmaintainformalleader
shipwiththechainofcommandandauthorityclearlyde
finedbutinformalleadershipispresentinmostallorgani
zationsofanysizeManypeopleunderstandtheprinciples
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ofgoodmanagementandeffectiveleadershipandtheap
propriatewaysofbehavingtowardotherpeopleyetthey
donotcarryoutthoseprinciplesWhenthinkingofself
improvementindealingwithothersrememberthatchange
cancomeonlyfromwithinonesself

Peoplewillstrivetoimprovetheirstatusonthejobif
theyfeeltheyhavevalueandareapartoftheorganization
Iftheyhaveparticipationindecisionsdeadlinesetcthey
willsubscribetothesestandardswithoutanymajorresis
tance Authorityresponsibilityanddelegationmustbe
understoodifyouaretobeaneffectiveleaderRemember
thatalthoughyouhavedelegatedajobtosomeonethat
alonedoesnotassureyouthatitwillbedoneefficientlyand
youasasupervisorarestillresponsibleregardlessofthe
results

TherearemanymethodsofcommunicationHowever
justtomentionafewthereare

Oral

Staffmeeting
Everydaycontact
Trainingservice
Talks assemblies

Staffingbeginswithinterviewsselectionofpersonnel
orientationstartingtheemployeeoffontherighttrackI
cannotoveremphasizethepointoflookingatyourselfto
discoveryourownprejudicesthentrynottoletthemin
fluenceyourjudgmentDuringaninterviewitisimportant
tobefriendlyandateasewiththeindividualasmuchas
possibleBecautiousaboutusingquestionswithayesor
noanswerAskwhatwecallopenendquestionsThe
personbeinginterviewedshouldalsofeelfreetoaskques
tionsTheinterviewershouldnotplacehimselfinaposition
wherehedoesallthetalkingAfterallwearetryingto
findoutinformationabouttheindividualwhichisofut

mostimportancetotheemployerNewemployeesshould
beorientedcompletelyabouttheirjobanddutiespertain
ingtotheorganizationalrole

1Donttrytooverwhelmthenewemployeewithfacts
figuresandorganizationalcharts

2Donttrytointroducetrimtoalltheemployeesinthe
organizationinoneday

3Dontforgetthenewernployeeafterthefirstday
4Dontbeafraidtocommendanemployeeandpraise

theworkratherthantheemployee
5Donttaketheolderemployeeforgranted This

principlehasprovenitselftomeasapersonalex
periencewhensupervisingadivisioninourorganiza
tion

6Bealertandrecognizesymptonsaswarningsofnew
problems

Communicationandpublicrelationsarecloselyassoci
atedbecausetheydealwiththepublicasawholethecom
munitythestatethenationHoweverinanothersenseof
thewordthereareliterallythousandsofpublicsPublicre
lationsisnotonlyeducatingthembutalsoinfluencingtheir
opinionsEverypersoninanorganizationshouldrecognize
hisroleincommunicationsandpublicrelationsandthis
shouldbeadaytodayactivityforeveryone Public

agencieshaveadifficulttimebecausethepeopleofthis
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Written

Memorandums

Reports
Letters

Jobinstruction

Bulletins

Manuals

countryhaveabasicdislikeanddistrustforgovernment
Thisiswhyemployeesshouldhaveacompleteunderstand
ingoftheirroleintheirorganization

Everyorganizationshouldconstantlyaskitselfhowwell
itsfunctionsareunderstoodGroupmeetingsareveryim
portantandeveryindividualshouldhaveachancetoex
presshisideasandopinionsMaintainastraightforward
relationshipwithallthemediaandespeciallywiththenews
paperNewsshouldnotbehiddenormanagedandserious
problemsshouldbeinterpretedinawaythatpreventsany
misunderstandingAretractionormodificationisworthless
andwillcreatemoreproblemsthanitwillsolveAcknow
ledgemistakesrectifythemanddontputanyofyour
associatesonthespotLearntowriteandspeakknow
ledgeisdoublingeveryfiveyearsandmanypeopledonot
understandtheproblemsoftodaybecausetheyhavenot
keptupwiththeireducation

Training

TrainingisanintegralpartofasupervisorsjobWithout
thesupervisorsinterestandparticipationtrainingefforts
areverylikelytobeunsuccessfulindeedheisthekeyman
implementingalmostallofmanagementsfunctionsHeis
alsocalledthemiddlemanalthoughheisonthemanage
mentsteamhemustbeemployeecenteredHemusthave
thetrustandconfidenceofthoseassignedtohisworkunit
Beforeasupervisorcanbecomeaneffectivetrainerbothhe
andtheorganizationmustrecognizeandunderstandthe
natureofhisjob

Thereshouldbeawellorganizedprogramfortraining
presupervisorswhoareabouttoassumesupervisoryduties
SupervisorsmakeorbreaktheorganizationTheyhavea
responsibilitytothemselvesandtothepublictoengagein
selfdevelopmenttothegreatestextentpossibleThesuper
visorshouldalsolearntotrainhisbossHeshouldlearnthe

aggressionsanddefensesofhisbossandunderstandthe
bosssneedsHeshouldlearntopresentfactsandcom
municateinthebestwaypossibleDonotforgettheolder
employeeshaveaprogramforjobimprovementworksim
plificationnewmethodsnewpoliciesandnewprocedures
Rememberthatthehestadvertisementanorganizationcan
haveisasatisfiedemployee

Disciplinemeansmanythingstomanypeople1would
liketopointoutthatdisciplineisalsopositiveaswellas
negativeandpeoplewithinaunitcanexerciseselfdiscipline
Supervisorslikeallotherpeopleareconditionedby
theirpastlearningandexperiencesandtheirbehavioris
moldedbytheirexperiences Thereforethesupervisor
shouldunderstandhisvaluesystemandtrytobeobjective
indealingwithproblemsrequiringdisciplinaryaction

Defensivenessisasymptomofanxietyandfrustration
withinanindividualAsasupervisoryoumaynotknow
whatiscausingthisconditionbutyoushouldlearnwhat
everydoctorknowsthatonehardlyevercuresadiseaseby
treatingthesymptomsEveryoneisdefensiveatsometime
oranotherLearntorecognizedefensivenessinyourself
andyouwillhaveamuchgreaterchanceofsuccessin
makingagoodemployeeoutofapersonwhohasbeena
problem



Acorrectiveinterviewmustbecompleteandtheem
ployeemustbeawareoftheseriousnessofhisconductalso
thatheknowshehasaproblemandcompleteunderstanding
bytheemployeeofwhatisacceptableTherearemany
dosanddontsincludedinacorrectiveinterviewwhichare
pertinentinachievingourgoalsProperdisciplineisthe
bestforall

Privatebusinessandcorporationstructuresmeasuretheir

InpreparingthistalkIrealizedthatthereareapproxi
matelysixtymosquitoabatementdistrictsinCaliforniaand
thatoutofthesixtymosquitoabatementdistrictseighteen
haveasourcereductiondepartmentIhavehadthepleasure
ofvisitingsomeofthesedistrictsandhavegainedagreat
dealofinformationregardingtheirsourcereductionpro
gramSomeofthedistricts1havevisitedapproachsource
reductionproblemsofeliminatingmosquitosourcesbythe
installationofdrainsdairypondsreturnflowsystemsetc
withdistrictownedandoperatedequipmentOtherdistricts
thathavehadsimilarprogramshaveabandonedthesepracti
ces

Approachestosourcereductionhavebeendiscussed
manytimesatsourcereductioncommitteemeetingspapers
andtalkshavebeenpresentedatCMCAconferencesby
districtmanagerstrusteesandsourcereductionpersonnel
fromdifferentdistrictsregardingthedifferentapproaches
usedsuchaslegaleducationalandcooperativeprojects
betweendistrictsandpropertyowners

TheSanJoaquinMosquitoAbatementDistricthasa
sourcereductionpolicyadoptedin1959whichhasbeen
printedintheProceedingsandPapersofthe36thAnnual
ConferenceoftheCMCAheldinFresnoCaliforniaJanu

ary29311968andhasoverthepastyearsapproached
sourcereductionasgovernedbythestatementsofthis
policy

Ourapproachhasbeenasfollows1recordsarekept
atthedistrictofficeshowingcostoftreatmentoneach
sourceincludingmaterialusedandlaborforapplicationof
material2duringthewintermonthsdistrictsupervisors
contacteachpropertyownerandrecordinreportformtype
ofsourceareaofstandingwaterlocationnameandre

Abasicoperationinanybusinessistheanalysisofoper
ationalbenefitsandcostsprofitsandlossesWheredowe
standinmosquitocontrolinthisregard

Untilrecentlytheprimaryeffortinmosquitocontrolhas
beenfocusedalmostentirelyuponthejobofgettingposi

SOURCEREDUCTIONAPPROACHES

FredACompiano
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COSTANALYSISCOMPARISONSINMOSQUITOSOURCEREDUCTION

RichardCHusbands

BureauofVectorControlandSolidWasteManagement
CaliforniaStateDepartmentofPublicHealthFresno

resultsbyprofitsbutweasagovernmentalenterprisecan
notdothisSinceserviceisourproductoneofthegoalsof
everypublicorganizationshouldbetoprovidemoreservice
perdollarSobyimprovingourentireoperationreducing
costthroughworkimprovementwewillbeabletogive
moreserviceperdollarSofeelimportantbeproudofyour
organizationandremembertheimageyoucreateiswhat
youare

marksofpropertyowner3eachreportisevaluatedby
twofulltimesourcereductionemployeesandthemanager
4majorsourcesaresurveyedmapsmadeshowingreason
fortypeofsourceelevationsoflandpossibledrainage
outletsifdrainageissolution5eachyearlettersare
mailedtopropertyownersinformingthemofcostoftreat
ingsourcesandrequestingtheircooperationinmostcases
thesepropertyownersarecontactedbysourcereduction
personnel6wherelargeareaslackproperdrainagethe
SanJoaquinMADwillandhasconductedengineeringsur
veysresultingintheformationoftwodrainagedistrictsin
additionlandlevelingpermitsissuedforexcavationof
earthsoilorconstructionmaterialsarereviewedby
theSanJoaquinMADand7districtsupervisorsare
requestedtoreportinwritinganynewsourcesthatmay
occurduringthesummertothesourcereductiondepart
ment

InadditionotheragenciessuchasStateReclamation
BureauUSCorpsofEngineersirrigationdistrictsflood
controldistrictsCountyPublicWorksandPlanningDepart
mentmustbemadeawareofmosquitosourcestheymay
createthroughtheplanninganddesignonprojectsper
tainingtosloughsriversandhighwayconstruction

Goodpublicrelationswithdistrictemployeesandthe
generalpublicisaveryimportantfactorlastbutnotleast
knowyoursubjectbeforeapproachinganysourcereduction
problem

Foranexampleapproachestoagriculturalsourcesare
establishedasfollowsfieldinvestigationofsourceinclud
ingcropsgrowndrainagefacilitiesifanysoiltypeland
gradesreturnflowsystemifeconomicalwatermanage
mentirrigationdistrictdrainagedistrictreclamationdis
trictetcandareasadjacenttotheproblemarea

tiveandimmediateresults Insecticideswerethemost

economicalandsuccessfulmeansofachievingthispublic
healthobjectiveChemicalmosquitocontrolwasaneces
sarypricetopayfortheimmediatebenefitsobtainedbut
itwasneveronetobepaidcomplacentlyThepricein
chemicalcontroloperationsnowincludeagraduallossof
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mosquitopopulationsusceptibilitytousefultoxicantsa
disproportionateincreaseinassociatedcostsFigure1a
morerigidpublicattitudetowardchemicalpollutionhaz
ardsandanincreasinglycomplexlegalpressureinvolvedin
thehandlingdistributionandconsequencesofchemical
usageTheseescalatingproblemsandothersmayeventually
priceusoutofthepresentmethodsusedinmosquito
control

Wearenowfacedwithachallengetoreexamineour
objectivesandtodetermineiffutureproblemsandcosts
canbereducedAmajorpartofthissolutiondependsupon
thedevelopmentofacontrcltechnologythatworkswith
andnotagainsttheenvironmentTheearlywisdomofiden
tifyingmosquitocontrolwiththebasicprinciplesof
sourcereductionbecomesmoreapparenttodayAndone
ofthelogicalwaystoevaluateprogressinmosquitocontrol
istoplaceameasurablevalueonthemethodsusedtosolve
problemsThisisbestillustratedbytheprincipleofcost
benefitanalysis

Costbenefitsthatarederivedfrommosquitosourcere
ductionoperationsaredifficulttomeasureBasicallythere
arethreebenefitsoneisthemprovedproductionorprofit
thatresultsonthelandorwithinthesystemtwoisthe
reducedcostthatissometimesderivedfromareductionin

thechemicaltreatmentoftheproblemorsourcethirdly
butmoredifficulttoassessindollarsandcentsvalueisthe
ecologicalaestheticandhealthbenefitsobtainedbythe

Figure1 Thedisproportionateeffectofincreasingthecostofchemicalmosquitocontrol

1 2 3 4 5 6 7 8 9 10 11 12 13 14

NUMBEROFTREATMENTS
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operationAnditshouldberememberedthathealthbene
fitsarethemainobjectiveofmosquitocontrolandforthat
reasonshouldbeplacedaboveallotherprioritiesandbene
fits

Sourcereductionprojectsrequiresoundanalysisandthe
applicationofeachofthesebasicbenefitswheneverthey
canbeappliedCostscanbedeterminedwithoutmuch
efforthoweverbenefitscanbeofgreatvarietyandchar
acterandtheyusuallyincreaseinvalueintimeandthere
forearedifficulttomeasureAcostbenefitratioissome

timesusefulinjustifyingasourcereductionprojectbutit
isnotrecommendedasthebasisfordeterminingtheprior
ityofworkOthertangibleandintangiblevaluesmayhave
greaterprioritysignificanceandeachprojectshouldbe
judgedonthebasisofitscontributiontoprogressinsource
reductionundertheconditionsandpoliciesprevailingat
thetime

Insomecasesprojectscanbedividedintoreimburs
ableandnonreimbursablecostsReimbursablecostsare

thoseselectedcapitaloutlaysthatcanberepaidbythe
economicbenefitsorsavingsthatwillbereturnedtothe
budgetforexampleinsecticidelaborandequipment
savingsTodeterminethesebenefitsitissometimesjusti
fiabletocomputetheestimatedsavingstocoveraperiod
oftimefrom10to50yearsNonreimbursablecostsmay
includeadministrativeandengineeringplanningeasements
fishandwildlifeprotectionrecreationandfloodcontrol
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Inadditionauxiliarybenefitswhichareofgreatimpor
tanceinsellingthesourcereductionworkareassociated
withsomeprojectsThesebenefitsaretheprofitsorgains
derivedfromtheworkbythepersonoragencycontracting
withthedistrictfortheprojectItisquestionablewhether
thistypeofbenefitmaybeusedasadistrictjustification
formosquitosourcereduction

Sourcereductioncanbeapproachedbythreebasic
methodsAsuppressionBpreventionandCelimin
ationFigure2Suppressioncanbeusedtoimprovethe
efficiencyofcontrolbyincreasingtheeffectivenessof
chemicalorbiologicalabatementmethodsthroughproper
modificationoftheenvironmenttoenhancethisactivity
Insomecasesthesesuppressivemethodscanshowauxiliary
benefitsAsanexampleithasbeenestimatedprobably
quiteconservativelythatitcosts1000perbirdtoputa
duckinthebagIfwastewaterisdivertedintoproperly
constructedpondstominimizemosquitoproductionandat
thesametimetoprovidewildlifeandrecreationitispos
sibletoestimatethevaluereceivedfromthegametaken
Ifonebirdistakenperacreitgeneratesaneconomicre
turnof1000peracreCapitalizedat5 thelandmight
besaidtobeworth20000peracreOneoperationin
KernCountyleasingonesection640acresgrossesaround
35000peryearWeshouldnotdiscounttheeconomic
benefitsthatcanbederivedfromtheuseofwastewaterfor
wildlifeproductionandifhisisattributedtosourcere
ductionplanningandeffortthebenefitsshouldberecord
edasajustifiedwayofsellingsourcereductionIfthe
projectalsoreducesthecostofchemicalcontrolitisare

imbursablecostbenefitIcallyourattentiontotheexcel
lentworkwhichhasbeendoneinUtahunderthedirection

Figure3Reimbursementratechemicalcontrolsavingscomputedforelevensourcereductionprojectsconstructedbythe
KingsMosquitoAbatementDistrict
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Reimbursement Rate

ofDrRees1969andothersthathasdemonstratedsome
oftheenvironmentalimprovementswhichwillreducemos
quitoesandimprovewaterfowlmanagementFishingcanbe
equallyprofitableReservoirsthatarebuilttocontainirri
gationorwastewatercanshowaneconomicbenefitIn
SanDiegoCountyaprivatelyleasedlakewithafeeof
S150perdayperfishermanhasgrossedupto300000a
yearandneverlessthanS190000onadryyearWeareall
awareoftheaestheticandrecreationalvalueoftheSantee

ProjectMerrelletal1967Theapplicationofthesesame
reclamationprinciplesinsourcereductionareextremely
valuableandshouldbeusedwhereverpossibleWhenyou
lookatalltheexcesswastedwaterthatproducesmosqui
toesthinkofitasmoneywasted

PreventionshouldnotbeoverlookedincostanalysisIf
sourcereductionprinciplesareusedtocorrecttheproblem
beforeitoccursthenthetimespentinmanhoursthathelps
topreventamosquitosourcecanbebalancedagainstaver
agedistrictcostsnormallyassociatedwithanuncorrected
problemofthistypeThiswillrequiresomebookkeeping
buttheresultswillbeverygratifyingwhensummarizedper
iodicallyItrepresentsagainwhichcontinuestogrowin
valueastimepassesAreportonpreventionandanestim
ateofmoniessavedshouldbeveryimpressiveespecially
whenshowntotaxpayersortotrustees

Eliminationnormallyshowsareductioninareatreated
numberoftreatmentsorspeciestreatedSourcereduction
recordsshouldshowreductionsinthecostofchemicalcon

trolhoweverthesereductionswillvarygreatlyreflecting
theformulausedforestimatingpreliminarycontrolcosts
Carefullyanalyzedbiologicalandphysicalguidelinesshould

SRProjects



Figure4Estimatedeconomicandacreagebenefitsinmosquitocontrolassociatedwiththedevelopmentof
theCrookedRiverIrrigationProjectCentralOregon

MosquitoSourceReduction
Central Oregon Project

4261 Acres

beusedtodeterminethesecostsAsanexampleFigure3
illustratestherateofreimbursementrecordedfor11source

reductionprojectsthatwereconstructedintheKingsMos
quitoAbatementDistrictTheseestimateswerebasedupon
theaveragechemicaltreatmentcostsrecordedforeachpro
jectfrom1962to1969Thegraphshowsthatreimburse
mentofthesecostsperprojectwillrangefrom3to42
yearswithamajority9oftheprojectsbeingrepaidfrom
benefitssavingsinchemicalcontrolinlessthan16years
Overhalfwillberepaidinlessthan10yearsIn10years
the11projectswillhavesavedtheDistrictapproximately
5000inchemicalandinspectioncostsActuallythesav
ingsareevengreaterthanthisbecausechemicalapplication
costswillincreaseduringthe10yearsandadministrative
andtechnicaloverheadwillautomaticallyreduceduringthe
periodusedtoestimatethesavings

Anillustrationofthevaluegainedfromamajorsource
reductionprojectisshowninFigure4ThisCentralOregon
projectAnon1968eliminated3273acresofmosquito
productioninafarmingareawhereannualcostformosqui
tocontrolwasabout500peracreAftersourcereduction
theannualsavingsfortheareawasabout16360Without
thebenefitsofsourcereductionitwasestimatedthatin50

yearsmosquitocontrolinthisareawouldhavecost
1065250Aftersourcereductionthecostwasreduced
to247000Otherbenefitswerederivedfromthispro

1065250

Cost benefit based on 50years

jectsuchasincreasedfarmproductionandareducedhaz
ardindiseasetransmission

Althoughsourcereductionisonlyoneofseveralpotent
ialwaysofreducingmosquitocontrolcostsitisapparent
thatfuturemosquitoabatementprogramsmustexpandin
thisdirectionActuallywehavenochoicebuttoovercome
deficienciesintheenvironmentthatcontributetocontinu

ingandrisingcostsCostbenefitrecordsareanessential
elementinthisprogramandwillhelptojustifyandidentify
whereweshouldputoureffortsWecannotaffordtocon
ductourbusinessataloss

Anon1968Reportonastudyofmosquitoproblemsassociated

withdevelopmentoftheCrookedRiverIrrigationProject
CentralOregon19601966AquaticPlantandWeedControl
CommitteePacificNorthwestRiverBasinsCommissionWa

terResourcesCouncil30p
MerrellJohnCJrWFJoplinRPBottAKatkoandHF

Pintler1967TheSanteerecreationprojectSanteeCalifor
niaUSDeptInteriorFedWaterPollutionControlAdm
WaterPollutionControlResearchSeriesPublNoWP207
165
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CONTEMPORARYCONSIDERATIONSONTHEBIOLOGICALSUPPRESSIONOF
NOXIOUSBRACHYCEROUSDIPTERATHATBREEDINACCUMULATEDANIMALWASTES

EFLegner
DivisionofBiologicalControlUniversityofCaliforniaRiverside

Duringthepasttwodecadesanumberofbasicresearch
achievementsintheintegratedcontrolofnoxiousbrachy
cerousDipterabreedinginaccumulatedwasteshaveoccur
redwhichenhancethepossbilitiesforthegoodabatement
ofsuchfliesEarlierworkersbecauseoftheirparticular
specialitiesandlocalitiesplacedmoreemphasisoncertain
bioticagentssuchaspredaceousfliesantsandcompeting
fliesthatwereofhighcontrolvalueinrestrictedareas
Furmanetal1959AndersonandPoorbaugh1964b
KilpatrickandSchoof1959andPimentel1955ormites
whichwerecharacteristicallywidespreadinhumidtemper
ateareasAxtell19621968RodriquexandWade1961
WillisandAxtell1968Mostpredatoryspeciesandthe
wasplikeparasitoidswereatfirstlargelyignoredorwere
creditedwithlittleifanytoleinthepopulationdynamics
ofnoxiousflies

Experimentalresearchduringthisperioddirectedat
controllingimmaturestagesofflieswithlarvicidesregular
lyshowed100percentcontrolbutinappliedabatement
thedesiredlevelofcontrolwasrarelyachievedThenum
berofpaperstreatinglarvicidesduringthelast20yearsis
toolargetocitebutoneclaracteristicsharedbymostre
portedexperimentswasthetranslocationofthebreeding
sitetoisolatedemergenceunitstherebyremovingthem
fromfurtherreplenishmentThepercentagekillinsuch
caseswasusuallymuchgreaterthanwouldhavebeenex
pectedcouldthebreedingsiteshaveremainedinadynamic
stateofreplenishmentasoccursundermostconditionsIn
thelattercaselarvicidesarequicklyburiedbelowthefly
larvalfeedinglevelasnewdepositsareaddedfromabove
Larvaefeedinginthefreshdepositsabovetheinsecticide
layerarelargelyfreetocompletetheirdevelopmentto
maturity Howeverpredatoryarthropodswhichforage
frequentlythroughoutbreedingsitedepositsarelargely
eliminatedbecauseofrepeatedcontactsinthelarvicide
stratumSincemanypredatorsareunivoltinetheirnum
bersarenotveryrapidlyreplacedTheremovingofthe
breedingsiteinexperimentstoallowforadultflyemer
gencealsodisturbsthesenaturalenemiescausingthemto
fleeandinthecheckportionsofexperimentsceasefeeding
activities

Considerationsofhostsevolvingresistancewereimpos
sibletomakebecauseofthecharacteristicallyshorttermof
theseexperimentsinfieldbreedingflypopulationsresis
tanceinvariablycausedunpredictedresponses

FlyresistancetoinsecticideswasshownearlybyBruce
andDecker1950andDeckerandBruce1951andlater
furtherelaborationswerediscussedbyGeorghiou1966
Thesestudiesindicatedthatflypopulationsdevelopresis
tancetoinsecticidesquickerfindividualsarekilledaslarvae
thanasadultsandthatresisantpopulationsarecapableof
spreadingtootherbreedingsites

1ResearchwasconductedduringthetenureofGrantNosGM12699
andGM12496NationalInstitutesofHealthUSPHS

EarlystudiesintheSovietUnionDerbenevUkhova
1942andrecentworkinDenmarkArevad1965Keiding
1965Mourier1964andCaliforniaAnderson1964
Anderson andPoorbaugh1964aprovideddetailedinfor
mationontheethologyofadultpestiferousfliesthatem
phasizedthevalueofdestroyingfemalesbeforetheirpop
ulationpressuresdrovethemintoresidentialareastomani
festtheirnuisanceroleThehabitsofrecentlyemerged
adultsofsomespeciestoalightrepegtedlyonwallsand
raftersintheimmediatevicinityoftheirimmaturebreeding
groundspresentedanobviousadvantagetoflyabatement
Ifsuchsurfacesweretreatedwithresidualcontactinsecti
cidesadultscouldbekilledbeforetheyleftthebreeding
premises Anoverallreductionintheadultpopulation
withoutasubsequentreductionofnaturalenemiesthatdo
notpossessthishabitofalightmentcouldthenresultina
generalloweringofthethresholddensityofflybreeding
Thekindsofnaturalenemiesandadiscussionoftheintri
caciesofsomeofthedynamicsinvolvedarereportedin
KoganandLegner1970Legner19651967Legner
andBrydon1966LegnerandGreathead1968Legner
andOlton1968a1968b1970a1970bLegneretal
1967andPeck1968

InsouthernCaliforniathereoccurnumerouspractical
demonstrationsofintegratedflycontrolinOrangeand
SanBernardinocountieswheretherespectivecounty
healthdepartmentsaredirectlyinvolvedinsupervision
LegnerandOlton1968aTwoprerequisitesforsuccessful
abatementarepropermanuremanagementandthethor
oughapplicationofperipheralresidualadulticidesatoneor
twocriticaltimesoftheyearBothoftheseoperationsre
quireexperienceandawarenessthat1naturalforces
neverresultintheextinctionofcosmopolitanpestsand
2thatnaturalbalanceisevercapableofbeingupsetby
mansinvolvement
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OfthesevenspeciesofHippelateseyegnatsinCalifornia
onespeciesHcollusorTownsendcontinuestobeof
widespreadprimaryconcernBeingdirectlyinvolvedwith
agriculturalpracticesitisalsotheonlyspeciesofthese
peststhatispresentlycapableofbeingmanipulatedthrough
integratedcontrolpracticesSuchspeciesasHrobertisoni
SabroskyandHimpressusBeckerofsporadicimportance
inrecreationareasarenotsubjecttocontrolbyotherthan
purebiologicalmeansThereproductionoftheselattertwo
speciesinundisturbedwildbreedingsitesprecludesthein
terjectionofbothchemicalandculturalcontrolmethods

TheimportanceofHcollusorinpublichealthhas
causedafocusingofattentiononthisspeciesforover40
yearsinCaliforniaDetailedinformationhasaccumulated
onitsflightrangeMullaandMarch1959distribution
Burgess1935Mulla1964WomeldorfandMortenson
1962breedinghabitsBurgess1951Legner1968Legner
etal1966Mulla1962c1963Tinkham1952biology
AdamsandMulla1967a1967bBurgess1951Dorner
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ADVANCESINTHEECOLOGYOFHIPPELATESEYEGNATSINCALIFORNIA
INDICATEMEANSFOREFFECTIVEINTEGRATEDCONTROL

andMulla19611962Hall1932Herms1926Legner
1966LegnerandOlton1969Mulla1962bandnativeand
importednaturalenemiesBayandLegner1963Bayetal
1964Legner19671968LegnerandBay19641965
LegnerandOlton1969Legneretal1966a1966bMulla
19581962aThisresearchhasproducedknowledgenec
essaryfortheeffectivereductioninpeststatusofthe
HippelateseyegnatHoweversuchreductionrequiresa
thoroughunderstandingofeyegnatecologyanditisclear
thatacommunitywideeffortisnecessarytoattainasat
isfactorylowerpopulationdensityofHippelates

IntegratedControlProcedure

Thefollowingprocedureforintegratedeyegnatcontrol
isbasedonaconsiderablevolumeofbothpublishedand
unpublishedresearchthathasaccumulatedthroughthe
effortsofmanyscientistsoverthepast40yearsDetails
aretooinvolvedandnumeroustopresentherehowever
attentionisinvitedtocitedreferenceswhichprovidethe
informationrequired

Noncultivationwhichhasbeenemphasizedbyscient
istsforover40yearsisstillrecognizedasaprincipalrequi
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sitefordecreasingeyegnatpopulationdensitiesHall1932
Burgess19551951Tinkharn1952Mulla1963Con
temporaryresearchhasmerelymadeusmoreawareofthe
dynamicprocessesinvolvedwithoutprovidinguswitha
moreeffectivesolutionOnethingisclearitisnotmerely
thedecreaseinavailablefoodthroughnoncultivationthat
causesreducedbreeding

Whencultivationisrequiredasitappearstobeincer
tainrowcropsevidencesuggeststhatitbeconductedat
nightorondayswhenthetemperatureisbelow65For
onwindydayswhenwindvelocitiesexceed2mphtimes
wheneyegnatflightisataminimumDornerandMulla
1962LegnerunpublisheddataMullaandMarch1959
Exposureofthecultivatedsoiltotheopenairprogressively
rendersitunattractivetoovipositingfemalessothatseveral
hourslaterithaslostmostofitsattractiveness

Themaintenanceofanorchardcoverofmaturehard
enedplantswhichcanbekeptlowbymowingismuch
preferredLegner1968Mulla1963Tinkham1953The
maintenanceofpermanentstandsofvegetationdecreases
gnatovipositionandlarvalsurvivalanddoesnotinterfere
withtheactivitiesofsoilpredatorsandparasitesLegner
1968Legnerunpublisheddata

Incasesoflocalizedgnatabundancetheuseofany
meansofreducingtheadulteyegnatpopulationsuchas
poisonbaitsoraerosolinsecticidesshouldberecognizedas
advantageousSuchmeasuresarenotharmfultothepro
cessesofnaturalgnatreductionandintheorycouldresult
inanoverallloweringofthethresholdofeyegnatbreeding
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POPULATIONCYTOGENETICSOFANOPHELESFREEBORMAITKEN

APRELIMINARYREPORT

Introduction

Inworkingwithlivingorganismstaxonomicrecognition
ofaspeciesmaynotimplyenoughaboutthebiologyofthe
populationinvolvedCharacterizationatthislevelmaybe
enhancedbygeneticanalysis Observabledifferencesin

behaviororecologyarereflectionsofgeneticdifferences
thisrecognitioncanleadtoabetterunderstandingofthe
speciesandamoredirectapproachtocontrolTwosuch
examplesincludetheworkontheEuropeananopheles
maculipennisFrizzi1956andwithAnophelespnrbiae
ColuzziandSabatini1968

Themostdirectmethodforgeneticcharacterizationofa
populationisbycytogeneticanalysisAspointedoutby
SpielmanandKitzmiller1967suchatoolallowstherec
ognitionofsubtlegeneticdifferencesandrelationshipsThe
observationoftheauthorswasmorethanborneoutbythe
classicalworkofDobzhanskyandEpling1944onsalivary
glandchromosomepolymorphisminpopulationsofDroso
philapseudoobscurastudieswhichrevealedecotypeswith
inasingletaxonomicspeciesDobzhanskyalsoshowed
theseecotypescapableofalteringtheirgenomeinresponse
toseasonalorotherenvironmentalchangesThefactthat
theseecotypesexistandhavethecapabilitytoaltertheir
genomeinresponsetochangesintheenvironmentissig
nificantnotonlytotheevolutionofthespeciesbuttoits
reactiontoinducedselectionpressures

ChromosomepolymorphismofthetypeshownbyDroso
philaisnotuniquetothisgroupbutmaybedemonstrated
inotherDipteraincludingAnophelesmosquitoesTodate
howeverthispolymorphismhasonlybeenusedinthesep
arationofthesiblingspeciescomplexesofAmaculipennis
andAgambiaeandhashadlittleapplicationtotheecology
ofAnophelesmosquitoes

KitzmillerandBaker1963intheirpaperdescribing
thesalivaryglandchromosomesofAnophelesfreeborni
mentionedthatchromosomepolymorphismexistedinthe
laboratorymaterialtheywereusingandKitzmiller1963
inalaterpapersuggestedthatafieldsituationsimilarto
DrosophilamightexistinAfreeborniThepresentstudy
ofAfreeborniwasinitiatedtotrytoansweranumber
ofquestionsFirstdoeschromosomepolymorphismexist
inthefieldpopulationSecondifpolymorphismexists
inthefieldpopulationswillcomparisonsofdifferentpop
ulationsrevealthepresenceofecotypesandpossiblesea
sonaldifferenceswithinindividualpopulationsThirdcan
significantdifferencesinpopulationsbecorrelatedwith
knownecologicaldata

MaterialsandMethods

Intheinitialphaseofthestudyin1968larvaeand
adultsofAfreeborniwerecollectedatvarioustimesfrom
populationsintheupperSacramentoValleyAdultfemales
wereseparatedintobloodengorgedorgravidandunfed
groupsUnfedfemaleswereallowedtotakeabloodmeal

TWSmithson

DepartmentofEntomologyUniversityofCaliforniaDavis

thosethatdidalongwiththefemalesfromtheothergroup
wereplacedinindividualovipositionalcontainersThefield
collectedlarvaeandeggsfromtheadultmaterialwerereared
understandardmethodstoearlyfourthinstarsSalivary
glandpreparationsweremadeaccordingtothemethods
describedbyFrenchBakerandKitzmiller1962These
preparationswerethencomparedwiththestandardchrom
osomemapofAfreeborniasproposedbyKitzmillerand
Baker1963Thesecondphaseofthestudywasinitiated
duringthe1969breedingseasonDuringthistimeweekly
fieldcollectionsweremadeofadultpopulationsalongan
eastwesttransectoftheSacramentoValleyAminimumof
25femaleswerecollectedfromeachofthesampledpopu
lationsatBrownsValleyYubaCoSutterSutterCo
andWilliamsColusaCoThesewerereturnedtothelabor
atoryandprocessedasdescribedwithaminimumprepara
tionoffivelarvaefromtheeggsofeachfemalecollected

ResultsandDiscussion

Thecollectionsandpreparationsduring1968confirmed
thelaboratoryobservationsofKitzmillerthatchromosome
polymorphismexistsinAfreeborniandthatitmaybe
foundinfieldpopulationsTheonlyconsistantcharacter
foundisaheterozygousinversionintherightarmofthe
thirdchromosomebetweenregions29Aand31AseePlate
1KitzmillerandBaker1963

Inthe1969studyanattemptwasmadetocomparethe
polymorphismofdifferentpopulationsanddetermineif
therewereseasonalintrapopulationdifferences Inthis

phaseofthestudyhoweveraproblemdevelopedSpecifi
callythenumberofcompletelyreadablepreparationsfrom
eachsamplewererunningaboutsixpercentofthetotaland
attimesentiresamplesgavenousabledataThisproblem
hasresultedininsufficientdataonthefrequencyofthe
threepossiblecombinationsofthepolymorphicregionof
thethirdchromosomenormalhomozygoteheterozygote
andinvertedhomozygoteWithoutthisinformationithas
beenimpossibletodetermineifthereareseasonaldiffer
encesintheindividualpopulationsstudiedThestudyof
theallopatricpopulationsbasedonthefrequencyofthe
heterozygousinversiondescribedabovewascontinued
thoughtheresultswerenotasreliableasdesired

Thepresenceoftheheterozygousstatefortheinversion
inthethirdchromsomeiseasilydetectedbythepresenceof
aninversionloopseeFigure1KitzmillerandBaker1963
andwasscoredinallchromosomepreparationswhereits
presenceorabsencecouldbeconfirmedTable1showsthe

frequencyofthisinversioninthepopulationsstudiedThe
observedpreparationsasusedinTable1areallprepara
tionsfromdifferentfemalesanddonotreflectthemultiple
preparationsoflarvaefromeachfemaleBasedonthedata

availablethereappearstobelittledifferenceinthefrequen
cyofthischaracterbetweenthesampledpopulationsindi
catinggenetichomogeneityinthesepopulationsforatleast
thischaracter
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Table1Frequencyofheterozygousinversionsinchromo
someIIIRofthreepopulationsofAnophelesfreeborni

Population
Sampled

Williams

Sutter

BrownsValley

92

NoObserved

Preparations

320

212

PreparationsWith
Inversions

Number Percent

155 484

97 458

280 132 475

Ongoingeffortshavebeendirectedtowardsolvingthe
preparationproblemwhichisthoughttoberelatedtoeither
rearingconditionsornutritionalfactorsTodatetheseef
fortshavebeenunsuccessfulbutthisdoesnotmeanthe
studyshouldbeabandonedonlythatitwillrequiremore
timetoamasssufficientdatatomakestatementsaboutin
dividualpopulations

Furtherstudiesofallopatricpopulationdifferenceswill
bealonganorthsouthtransectoftheupperandlowerSac
ramentoValley

Thecorrelationofecologicaldatawithvariouspopula
tionswillhavetoawaitconfirmationofthepresenceof

ECOLOGICALSTUDIESOFHYDROPHILUSTRIANGULARISSAY
INTHELABORATORYANDINARICEFIELDHABITAT

APRELIMINARYREPORT

RVeneskilandRKWashino

HydrophilustriangularisSaythewaterscavengerbeetle
hasbeenobservedinvaryinnumbersinricefieldsinthe
SacramentoValleyofCaliforniaThelarvaeofthisbeetle
arepredaceousandtheadultsgrazersandscavengersA
comprehensiveanalysisofthefeedingpatternsofthisbeetle
islackingMostoftheearlierworksSaunders1879Gar
man1881Riley1881Matheson1914havebeendescrip
tiverelatingtolifehistoryaspectsanddevelopmentWil
son1923didacomprehensivestudyofthelifehistory
anddescribedthelarvalfeedinghabitsbasedonthedissec
tionoffiftytwoindividualsClark1938reportedthat
inthelaboratorythelarvaefeedonmosquitoes

InapreliminarysurveyintheSacramentoValleythree
offifteenfieldcollectedbeetlelarvaecontainedmosquito
larvaeintheirdigestivetraceTodeterminemoreclearly
theroleofHtriangularisasapredatorofmosquitoesin
ricefieldsthefeedingpatternaswellasthegeneralbiology
ofthisbeetlewasstudiedThepurposeofthisreportisto
summarizethepreliminaryfindingsofthefieldandlabora
torystudiesconductedin1966and1969

1DepartmentofLifeSciencesSacramentoStateCollegeSacramen
toCalifornia

2DepartmentofEntomologyUriversityofCaliforniaDavis Calif
ornia

ecotypesordemonstratedseasonaldifferencesinchromo
somepatternsofpopulationsofAfreeborni
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MaterialsandMethods

Studieswereconductedinseveralricefieldswestof

YubaCityinSutterCountyCaliforniaDippingandaquat
iclighttrapcollectionsofaquaticorganismsweremade
weeklyfromsixstationsin1966andsevenstationsin1969
ThegutcontentofeachHtriangularislarvawasremoved
andstoredin70ethylalcoholandidentificationsofthe
organismsfoundinthedigestivetractweremadeatalater
date

Adultsin10gallonaquariaandartificialoutdoorponds
5x5wereobservedtodeterminevariousaspectsoftheir
reproductionandenvironmentaltolerances

ResultsandDiscussion

Adultfemalesproducedfromonetofourteeneggcases
inthelaboratoryat72Fandonetotencasesintheout
doorpondsHatchingtimefortheeggswasthreetoseven
daysaveraging35daysThenumberoflarvaeproduced
pereggcaserangedfrom50to105withtheaveragebeing
835Thedurationofthethreelarvalstagesvariedcon
siderablythethirdstagepersistedthelongestPupation
tookplaceinundergroundchambersconstructedbythe
larvaeinwetsoilandlastedfrom37to52daysinthe
laboratory

Adultsinaquariaandoutdoorpondsfedlargelyonfila



Table1SummaryofFoodItemsintheAlimentaryTractofHvdrophilustriangularisLarvaein1966454and196933

FoodItem

CrustaceaCladocera

Ostracoda Podocopa

InsectaOdonataAnisoptera
HemipteraHelostomnsp

Corixidae

Coleoptera Tropisterrurslaleralislarva
Laccophilussplarva
Thervnonectussplarva
Ilygrotussplarva
Misc

Diptera Chironomidaelarvapupa
Chironomidaeadult

Stratiomyiidaelarva
Tipulidaelarva
Ceratopogonidaelarva
ulextarsalislarva

Miscellaneous

mentousalgaeanddetritusAdultsrearedinoutdoorponds
andconfinedtocagesinthewaterwereabletowithstand
temperaturesrangingfrom34Fto100FAnumberof
adultswerekeptincagesinthewaterfromJuly1969to
February1970whichindicatesthatoverwinteringofthe
naturalpopulationispossibleintheadultstage

Atotalof786larvaeweredissectedandgutcontentex
aminedTable1MidgelarvaeChironomidaeandseed
shrimpsOstracodawerethemostcommonorganisms
foundinthegutcontentsoflarvaecollectedduringthe
studyThelargenumberofadultmidgesrecordedin1969
wasprimarilyaresultoflargenumberstakenfromafewin
dividualsThenumberofCulertarsalisCoqlarvae12
foundin1966waslowandabsentin1969 Inopheles
jreeborniAitkenlarvaewerenotrecoveredineitheryear

PredationofCtarsalisby11triangulariswasgreatest
duringthelastweekinMayandthefirstthreeweeksin
JuneHoweverCtarsalisdidnotbecomeabundantinrice
fieldsuntilJulyandAugustthetimewhenthelowestsea
sonallevelsofHtriangularisoccur

In1969thefieldpopulationofHtriangularisCtar
salisand4Freeborniwereallhighfromthefirstweekin
JunethroughthefirstweekinJulyHowevernomosqui
toeswerefoundinanyofthebeetlelarvaecollectedduring
theyearFormostotherpreyreadilytakenbythelarvae
thereappearedtobeadirectcorrelationbetweenthose
aquaticorganismsavailableandthosefedupon

Thefollowingassessmentsofthisbeetleasapredator
canbemadebasedonobservationandexperimentation
11triangularishasarelativelyhighfecundityandcanwith
standawiderangeofclimaticandenvironmentalconditions
Factorshinderingthisbeetlefrombecominganeffective
predatorofmosquitoesarelackofspecificityinfeeding

FoodItemsperBeetlelarvaex100
1966 1969

022 542

2400 30512

000

110

418

2290

198

132

022

066

3986

000

022

022

176

220

1277

120

210

8975

2951

3674

1265

1054

1746

21506

77078

000

060

000

000

1656

shortdurationinthepredatorstagelarvalstageandpeak
seasonaldistributionnotcoincidingwiththepeakabun
danceofthetargetorganism

Amorecompleteevaluationonpredationbasedprim
arilyonforageratioanalysiswillbereportedonatalater
date

Insummarythealimentarytractsof786Htriangularis
larvaefromricefieldswereexamined In1966midges
ChironomidaeseedshrimpsOstracodaandthebeetle
larvaeofTropisiernuslateraliswerefeduponmostfre
quentlyIn1969ChrionomidaemidgesOstracodaCorix
ideaLnccophilusandTlateralisweremostabundantin
thegutcontents Mosquitoesconstitutedaveryminor
portionofthefooditemstakenTwelveCtarsalislarvae
pupaewerefoundinthegutcontentsofthebeetlelarvae
sampledin1966andnoneinthelarvaefrom1969A
tentativeconclusionpendingfurtherresearchisthat1tri
angularisappearstobeopportunisticinitsfeedinghabits
Thefeedingpatternthelimitedabundanceandseasonal
distributioninricefieldsindicatethatatbestthisspecies
wouldnotbeaprimaryfactorincontrollingmosquitoes
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PreviousstudiesonoverwinteringAnophelesfreeborni
AitkenFreeborn1932Washino1970indicatedthatfe
malesfromthesepopulationsexhibitedcertainphysiologi
calchangesinthefalloftheyearThesechangesincluded
amarkedlyreducedbitingactivitythedevelopmentofex
tensivefatbodyandareproductivediapause

Toextendtheseobservationsagedeterminationstudies
wereinitiatedwithtwospecificobjectivesinmindThe
primaryobjectivewastodeterminemorepreciselyifthe
overwinteringfemalepopulationwascomposedofnullipar
ousindividualsassuggestedearlierWashino1970Of
majorconcernwasthedeterminationofwhetherornotthe
bloodfeedingandnonbloodfeedingsegmentoftheover
winteringpopulationdifferedintheirphysiologicalage
Thesecondobjectivewastodeterminetheparityinthe
gonoactivefemalepopulationasabasisforlaterstudieson
longevityThisreportisintendedtosummarizebrieflythe
preliminaryfindingsonthesetwoobjectives

Forthepurposeofthisstudyparitywasdefinedasthe
levelofreproductivematurityanindividualfemalehas
achievedexpressedintermsofthenumberofgonotrophic
cyclescompletedForexampleanulliparousfemalehas
notundergoneanygonotrophiccycleswhileauniparous
hasundergoneoneabiparoustwoetc

MaterialsandMethods

StartinginAugust1969adultmosquitoeswerecollected
onceaweekfromthreedifferentlocationswestofYuba
CityinSutterCountyCaliforniaThesecollectionsites
wereasfollowsKrozeafarmhouseporchinanareaof
densericecultivationDeWittafarmhouseporchapproxi
mately15milesawayfromKrozeandanareaofdense
ricecultivationandTarkeabridgeabout6milesaway
fromKrozeandanareaofdensericecultivation

Aftercollectionthemosquitoeswerereturnedtothe
laboratoryanesthesizedwithchloroformandthefemales
separatedintocategoriesofemptynobloodormaturing
eggsbloodengorgedorgravidWhentheabundanceof
mosquitoespermittedasample10to15ofboththe
emptyandbloodedfemaleswasdissectedfromeachofthe

Month Nofemalescollected

August
September
October

November

December

January
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909

1541

2087

1395

909

998

RJMcKennaandRKWashino

DepartmentofEntomologyUniversityofCaliforniaDavis

2904

538

81

78

33

160

threecollectionsitesTheovarieswereexaminedat50X

andclassifiedaccordingtoPolovodovastechniqueDetino
va1962ofusingthenumberofdilatationsonthepedicels
asanindicatorofthenumberofgonotrophiccycles

Gigliolis1963modificationofthedissectionmedium
wasemployedusingcrystalvioletdissolvedinarelatively
concentratedsalinesolutionratherthanphysiologicalsa
lineTheadvantageofthedyeisobvioustheconcentrated
salinewasbeneficialsinceitcausedthepedicelstoremain
stretchedoncemanipulatedintothispositionToallow
freedomofbothhandsandtofacilitatedissectionsafoot
operatedfocusingdeviceStrong1969wasusedafterthe
thirdmonthofstudy

Inpreparationforthisstudyapproximatelyamonth
wasspentbyoneoftheauthorsRJMlearningthetech
niquewithknownmaterialThispreparationculminatedin
scoringof33of34correctlyinanexaminationofunknown
mulliparousandparousindividualspreparedbytheother
authorRKW

ResultsandDiscussion

Atotalof7839femaleAfreeborniwascollectedfrom
thethreesitesfromAugust131969untilJanuary24
1970Theproportionoffemalesfoundemptyblooden
gorgedorgravidandtheparityof917individualsaresum
marizedinTable1Itappearslikelythatwintersurvivalof
AfreeborniintheSacramentoValleyisdependent on

nulliparousandparousindividualspreparedbytheother
NovemberandDecemberwasencounteredduringthefirst
weekofNovemberTheseresultsagreewiththoseofNel
son1964withCulextarsalisCoqandofHitchcock1968
withAnophelesquadrimaculatusSay Theconditionof

thefemalesienulliparityandstageI IIoocytesseems
tobeconsistentwiththeoverwinteringschemesuggested
forAquadrimaculatusseep132Hitchcock1968

FromOctoberuntilmidJanuaryalloftheblooden
gorgedfemales37werenulliparousandhadtheiroocytes
instageI IIItissuggestedthatthesefemaleswereex
hibitinggonotrophicdissociationsincetheiroocyteswere
instageI IIeveninindividualswitholdbloodWealso

Table1PercentbloodedandparousAnophelesfreebornifemalescollectedfromthreesitesinSutterCountyCalifornia
AugustthroughJanuary19691970

blooded Nofemalesexamined

180

248

187

135

94

73

parous

2444

2500

160

74

00

00



concludedfromtheseresultsthattheoccasionalblood

feedersthatonefindsduringthewintermonthsarefrom
thesamepopulationasthenonbloodfeederssinceboth
groupswerenulliparousandwithoocytesinstage1 11

Theoldestgonoactivefemalesfoundduringthemonths
ofAugustSeptemberandOctoberwerebiparousAtotal
of14suchindividualswasrecorded11ofthetotalparous
femalesforthesemonths Theseresultssuggestedthat
duringthemonthsthestudywasconductedAfreeborni
isnotalonglivedmosquitoHowevernineofthese14fe
maleswerebloodengorgedwhencollectedindicatingthat
theirthirdcyclehadalreadybeeninitiatedThereforefe
malesundergoingthreeormoregonotrophiccyclesmay
occurbutperhapsmuchlargersamplesareneededtode
tectthem

SummaryandConclusion
Theparityof917individualswasdeterminedfromfe

malescollectedinSutterCountyCaliforniafromAugust
1969throughJanuary1970Itappearslikelythatthefe
malesoverwinterinthenulliparousstateNodifferencein
paritywasobservedbetweenbloodfeedingandnonblood
feedingindividualsinthefallwinterpopulationGono
activefemalesdonotappeartobelonglivedsincetheold

FURTHERBIOLOGICALANDCHEMICALSTUDIESON

GAlJBUSIAAFFINISBAIRDANDGIRARDINCALIFORNIA

WAhmedRKWashinoandPAGieke
DepartmentofEntomologyUniversityofCaliforniaDavis

Withtheincreasingmosquitoresistancetoorganophos
phorouscompoundsandthegeneralawarenessofpeopleof
thedisadvantagesofpesticidesintheirenvironmentgreater
reliancemaybeplacedonexistingbiologicalmeansofmos
quitocontrolGanrbusiaaffinisisusedinsomeCalifornia
ricefieldsforthebiologicalcontroloflarvaeofCulextar
saltsandAnophelesfreeborniThefeedingpatternofthis
fishinCaliforniaricefieldshasbeenthesubjectofstudy
duringthepastthreeyearsResultsofthisstudysuggest
thateffectivemosquitolarvaecontrolbyfishmaybede
pendentontheavailabilityofotherfoodanimalsTopur
suethisquestionthefeedingpatternofGaffiniswas
studiedin1969inricefieldswheremosquitoreductionwas
andwasnotbeingachievedwiththeuseoffishAsecond
phaseofthisstudyinvestigatedthesusceptibilityofG
affinistocommonlyusedinsecticidesThisinformationis
essentialinintegratingthebiologicalandchemicalmosqui
tocontrolprogramThisisaprogressreportthatsummar
izespreliminaryresultsofthetwoinvestigationsandout
linesplansforfuturestudies

Procedure

ThevariationsinthefeedingpatternsofGaffinisin
severalricefieldswerestudiedinYoloCountywiththe
cooperationoftheSacramentoCo YoloCoMosquito
AbatementDistrictEachfieldshoweddifferentlevelsof

estindividualsduringlatesummerfallwerebeginningonly
theirthirdcycle
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mosquitoabundanceOnefieldR8showedsatisfactory
mosquitocontrolpresumablybeingachievedbythefish
Asecondfield75Astockedwithfishhadasufficient
numberofmosquitolarvaetonecessitateaninsecticideap
plicationAthirdfield75Balsostockedwithfishap
pearedtohavesatisfactorymosquitocontrolononeside
ofthefieldwestbutnotontheoppositesideeastAp
proximately150200fishwerecollectedduringthethird
andfourthweekofAugustfromdifferentstationsofeach
fieldatotalof699fishThefishwerekilledinstantly
aftercollectionbroughttothelaboratoryandstoredin
70ethylalcoholuntilexaminedGutcontentofthefish
wasexaminedunderadissectingmicroscopeat40XEs
timationsofthemosquitopopulationsinallfieldsunder
studyweremadebySacramentoCo YoloCoMADon

thebasisofdippingsamples

ThesusceptibilityofGaffinistodifferentinsecticides
wasdeterminedonfishobtainedfromtheSutterYuba
MADFishusedforthetestswerekeptfor24hoursinthe
laboratorybeforebeingexposedtotheinsecticideDilu
tionsofthestocksolutionofinsecticidesweremadeusing
redistilledacetoneTenunsexedfishweretransferredwith
astrainerintogallonglassjarscontaining1000mlofaged
tapwaterThreereplicationsweretakenforeachconcen
trationAnequivalentamountofacetonewasaddedtothe
controlMortalitywasrecordedeverysixhoursupto72
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hoursThetestmaterialwasalsocheckedwithasuscept
iblestrainofCulexpipiensTemperaturerangeduringthe
testwas72 2F

ResultsandDiscussion

ResultsofthegutanalysisTableIconfirmresultsof
earlierstudiesinthatcrustaceansandchironomidmidges
appearedtobethemajorooditemsofGaffinisinrice
fieldsThegreaterfeedingontheAnophelesratherthanon
Culexcanprobablybeattributedtotheperiodofsampling

Table1ComparativefeedingpatternofGambusiaaffinisfooditemperfishinfourricefieldsinYoloCountyCalifornia
1969

FoodOrganisms FieldR8

Anophelessp 056

Culexsp

Chironomidaelarvae

adults

pupae

Crustacea

Aphidae

Thysanoptera

Tipulidae

Hygrotussp

Corixidae

Dytiscidae

Collembola

Thermonectussp

Odonata

Belastomasp

96

007

500

059

056

1163

003

001

013

019

010

005

010

004

001

001

Tropisternussp 000

Others 016

ratherthanapreferenceforonemosquitooveranother
FishsampleswerecollectedinlateAugustwhenanophelines
arenormallyatpeaknumbersandwellpasttheusualpeak
periodforCtarsalisinricefields

Ifacomparisonismadebetweenthefeedingpatternof
fishfromfieldswithandwithoutaheavymosquitopopu
lationthemajordifferenceappearstobethefeedingon
crustaceansFeedingonanophelinesisthesameinField
R8whichhadlittleornomosquitoesandField75A

Field75A

Fooditemperfish
Field75B Field75B

west east

056 002 029

000

392

042

488

2808

070

016

001

001

018

010

007

000

002

000

008

010

000

194

040

008

608

060

031

000

003

014

003

001

000

001

000

002

010

000

046

023

000

3723

000

034

000

000

004

000

333

000

002

000

001

018



whichhadmanymosquitoesbutfeedingonthecrust
aceanswasconsiderablygreaterinthefieldwhichhadmany
mosquitoesAsomewhatsimilarrelationshipwasobserved
inField75BeastandwestTheseresultssuggestthat
crustaceansmaybeacriticalfooditemthataffectsthelevel
offishmosquitointeractioninthericefieldsFurtheran
alysisieforageratioisnecessarytoconfirmtheseob
servations

Thestudyofsusceptibilityoffishtopesticideswaslim
itedtoparathionandmethylparathionThemosquitofish
showednomortalitywhenexposedtoamaximumconcen
trationof60ppmofmethylparathionin72hoursIna
24hourtestthefishshowedamortalityrangefrom0at
005ppmto100at03ppmofparathionMortalityof
Culexpipienslaboratorystraininbioassayconfirmedin
secticidalactivityoftestchemicals

Lewallen1950observedanaveragefishmortalityof
33inthelaboratorytestsoffieldcollectedGaffinisat
thedosageof0004ppmparathionMulla1961reported
30mortalityinthefieldtrialswithparathionattherate
of01lbperacreRoberts1964reportedLC50values
rangingfrom003to005ppmformethylparathionagainst
fourdifferentpopulationsofGaffinisfromMississippi
Forspeculativereasonsifourresultsarecomparedwith
thoseofLewallenibidMullaibidandRobertsibid
fishinourstudyshowedmoderatetolerancetoparathion
andconsiderabletolerancetomethylparathion

Thisisespeciallyinterestinginthelightofstudiesin
Mississippiwhereworkershavereporteddevelopmentofre
sistancebyGaffinistoparathionFergusonandBoyd
1964BurkeandFerguson1969andDursbanFerguson

1Assumptionismadethatatdepthsofapproximately4in1lb
activematerialacrewillbenearlyequalto1ppm

MOSQUITOESONTHEOFFSHOREISLANDSINCALIFORNIA

RichardDSpadonilandRichard0Hayes

Abstract

FromNovember1967toMay1969PublicHealthSer
viceentomologistsinBakersfieldCaliforniamadeapart
timestudyofmosquitoesontheChannelIslandsofCalifor
niaThepurposewastodeterminewhatspecieswerepres
entandwhethertheywerelikelytoposepublichealth
problems

Theislandsrangefrom12to55milesoffthemainland
fromSanDiegoonthesouthtoPointConceptiononthe
northThosesurveyedwereSanClementeandSantaCata
linainLosAngelesCountySanNicolasandtheAnacapas
inVenturaCountyandSantaRosaandSantaCruzin

DiseaseEcologySectionNCDCUSPHSOrovilleCalifornia

2DiseaseEcologySectionNCDCUSPHSFortCollinsCol
orado

etal1966TherelationshipofGambusiatoinsecticides
usedtocontrolmosquitoesinCaliforniaisnotclearand
obviouslyrequiresconsiderablymoreworkthandescribed
hereItistooearlytoattributethehightolerancelevels
observedinthistesttoresistancebutitisinterestingto
speculateontheuseofresistantfishinbiologicalchemical
controlprogramsinricefieldsItwouldbeadistinctad
vantagetohavefishwithstandingtheapplicationofmos
quitolarvicideswithaminimummortalityOntheother
handwithchlorinatedhydrocarbonsandotherstablechem
icalsitispossiblethatresistantGaffiniswithchemicalsin
themmayresultincertainecologicalconsequencesThey
mayfindtheirwayintoriversandcouldeffectgamefish
andpossiblyevenmanOurpresentworkplanscallfor
testingpopulationsofGaffinisfromdifferentareasto
establishifsusceptibilitytoorganophosphateinsecticides
usedformosquitocontrolvarieswithlocality
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SantaBarbaraCountyAlsoasurveywasmadeonSouth
FarallonIslandsome25mileswestofSanFrancisco

Twogeneraltypesofhabitatarerepresentedonthese
islandsagrazinglandhabitatandabarrenlandhabitat
Tenmosquitospecieswerefoundonthegrazinglandis
landsSantaCatalinaSantaCruzandSantaRosathese
wereAedessierrensisLudlowAedessquamiLerCoq
CulexapicalisAdamsCulexpeusSpeiserCulexerythro
thoraxDyarCulexpipiensquinquefasciatusSayCulex
tarsalisCoquillettCulisetaincidensThomsonCuliseta
inornataWillistonandAnophelespseudopunctipennis
franciscanusMcCracken ThreespeciesCineidensC
inornataandCtarsaliswerefoundonthebarrenlandis
landstheAnacapasSanNicolasSanClementeand
SouthFarallonHoweveritwasconcludedthatmosqui
toesprobablywouldnotnormallycausesignificantpublic
healthproblemsontheseoffshoreislands
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ARBOVIRUSRESEARCHINTHESACRAMENTOVALLEY

Inthespringof1969aresearchonarboviruses
wasbegunintheSacrameitoValleyThisisanareawhere
bothwesternequineencephalomyelitisWEEandStLouis
encephalitisSLEhavebeenacontinuingproblemand
wherefieldstudiesofarboviruseshavebeenlargelyneglect
edThenewstudiesareanextensionofresearchpursued
formorethan20yearsinKernCountyandinvolvedthe
transferofsomepersonnelandequipmentfromtheArbo
virusFieldStationinKernCountyTheoriginalintentwas
tobegintheprojectinSejtember1969withasupporting
5yearfederalgranthoweverasupplementalgrantfrom
theUniversityofCaliforniaBerkeleyandanofferoftem
poraryworkspacebytheButteCountyMosquitoAbate
mentDistrictpermittedTheprogramtobegin6months
aheadofschedule

Theinitialpermanentstaffconsistedofazoologistand
2entomologistsrepresentingtheUniversitysSchoolof
PublicHealthandtheNationalCommunicableDiseaseCen

teroftheUSPublicHeathServiceThestaffiscurrently
beingincreasedbytheadditionofazoologistandatechni
cianBytheendofFebruary1970thestationwillbe
transferredfromtheofficesoftheButteCountydistrictin

OrovilletopermanentquartersnearChico

Theprojecthasreceivedstrongsupportfromanumber
ofmosquitoabatementdistrictsbutparticularlyfromthe
ButteandGlennCountydistrictswherethestudiesarecen
teredInadditiontoworkspacetheButteCountydistrict
hasprovidedafulltimesummerassistantwhoisagraduate
studentinbiologyatChicoStateCollegeBothdistricts
havehelpedextensivelywiththeestablishmentofstudy
sitesandbyoperatingmosquitolighttrapsnearthesites

Beforebrieflydescribingthefirstsummersactivitiesit
maybeofinteresttoreviewinformationavailableonarbo
virusesinButteandGlennCountiesTable1listslabora

toryconfirmedcasesofencephalitisinmanandhorses
from1952through1969Inthisperiodtherewere16
casesofWEEand28ofSLEinmanAsinmuchofthe

CentralValleyofCaliforniathereweremorecasesofWEE
in1952andmoreofSLEin1954thaninanyoftheother
yearsRecordsofWEEinhorsesarelackingpriorto1961
but27caseshavebeenrecordedinthepast10yearsin
cluding11in1964

Inrecentyearsvariouscountyhealthdepartmentshave
submittedtreeandgroundsquirrelstothelaboratoriesof
theCaliforniaStateDepartmentofPublicHealthtobetest
edforrabiesItisofconsiderableinterestthatWEEvirus

hasfrequentlybeenisolatedfromthebrainsofthesesquir
relsLennetteetal1956DrRWEmmonsPersonalcom
munication1969Of28isolatesfromNorthernCalifornia

ThisresearchwassupportedispartbyResearchGrantAl03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesand
GeneralResearchSupportGrantIS01FR05441fromtheNational
InstitutesofHealthUSDepartmentofHealthEducationand
Welfare

RLNelson

ArbovirusFieldStationSchoolofPublicHealth
UniversityofCaliforniaBerkeley

15werefromButteCountyThisclearlyindicatesthat
WEEvirusisinfectingsquirrelsinButteCountyInaddi
tionthesameviruswasisolatedfromthebrainofan
opossumcapturedinButteCountyin1968Emmonsand
Lennette1969

Finallytestsforantibodiesinbloodseratakenfrom
domesticchickensinButteandGlennCountiesinthefall
of1968showedthatWEESLEandTurlockviruseswere
activeinbothcounties

InApril1969whenstudiesbegan12studysiteswere
establishedinthe2countiesTheyrangefromParadisein
thenortheastatanelevationnear2000feettotheSac
ramentoNationalWildlifeRefugeinthesouthwestwhich
isonthevalleyfloorSomearewithinmosquitoabatement
districtsandothersarenotBothurbanandruralareasin

cludingriceandorchardlandarerepresented

Ateachofthesitesasentinelchickenflockwassetout
andmosquitoeswerecollectedweeklyThechickenswere
bledatmonthlyintervalsfromMaythroughNovemberand
theirseraweretestedforantibodiesMosquitoeswerecol
lectedbylighttrapstomeasurepopulationfluctuationsand
bybaittrapsforvirustestsBaittrapswerebaitedeither
withdryiceorwith3weekoldchickensBloodandserum
samplesweretakenfromthechickensaftertheirexposure
toobtainameasureofvirustransmissionratesAlsobegin
ninginAugustweeklycollectionsweremadeofmosquitoes
inshelterstoobtainadditionalspecimensforvirusand
bloodmealidentificationtests

Birdsandmammalsweretrappedinseveralareasofthe
2countiestoobtainbaselinedataontheinvolvementof

wildbirdsandmammalswithvirusesTheusualprocedure
wastobandbleedandreleasecapturedanimalsandtotest
theirseraforantibodiesTosupplementthisstudyarrange
mentsweremadetocollectserumsamplesfrombirdsand
mammalsattheSierraFoothillsRangeFieldStationin
YubaCountyAlsotheTehamaCountyMosquitoAbate
mentDistrictarrangedforaseriesofbleedingsonexotic
birdsraisedinTehamaCounty

Laboratorytestsofbloodsamplesandmosquitoesare
incompletebutresultsoftestscompletedshowedalate
seasonflurryofSLEvirusactivityTherewere2casesof
StLouisencephalitisinmaninGlennCountyTable1
and21of188sentinelchickensshowedevidenceofexpo
suretoSLEvirusTwelveisolationsofSLEvirusweremade

fromnearly15000CulextarsalisCoqItisofinterestthat
8isolationswerefromspecimenscollectedwithin1mileof
theSacramentoRiverOnesuspectedcaseofWEEina
horseandasinglesentinelchickenwithantibodiestoWEE
virusweretheonlyindicationsofWEEvirusactivityHow
everabout40000additionalmosquitoesincludingmore
than9000Ctarsalisand25000Anophelesfreeborni
Aitkenremaintobetested

ItisanticipatedthattheSacramentoValleyprojectwill
continueforaminimumof5yearswithstudiesbeingex



Table1 ConfirmedcasesofhumanandequineencephalitisinButteandGlennCountiesCalifornia
19521969

19521959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

ButteCounty

Human

SLE WEE

16 9

3

2 3

pandedIn19703additionalstudysiteswillbeestablished
neartheSacramentoRiverAlreadystartedisastudyof
autogenyinCtarsalisTheoverallobjectiveistodeter
minetherealtionshipifanyofautogenytothecapacityof
CtarsalisasavectorAnotherstudywillinvestigatethe
possibleroleofothermosquitospeciesincludingAedes
sierrensisLudlowasvectorsofvirusesBecauseofthein
terestinsquirrelsazoologicstudyofactivitypatternsand
ectoparasiteinfestationsoftreeandgroundsquirrelsisnow
beginningEffortsalsowillbemadein1970tolearnwhat
speciesofCulicoidesmidgesarepresentintheSacramento
Valleystudyareasandiftheyareinvolvedwithviruses

1

1

Equine

WEE SLE WEE WEE

1

2 3

10 1

2 1

2

5

1

Human Equine

3

2

aDatasuppliedbytheCaliforniaStateDepartmentofPublicHealthBerkeleyCalifornia

GlennCounty

1 2

Hopefullytheseandothercontemplatedstudieswill
contributetoanunderstandingofencephalitisintheSac
ramentoValleyandwillassistlocalhealthandmosquito
abatementpersonnelintheireffortstoprotectthepublic
fromencephalitis
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CurbInlets

Streetgutters
Roadsideditches

Offstreatdrains

FLITMLOPREFERREDFORMOSQUITOCONTROLINRESIDENTIALAREAS
JackHKimball

OrangeCountyMosquitoAbatementDistrictSantaAna

FLITMLOhaseffectivelyandeconomicallycontrolled
mosquitoproductionfora14dayperiodwhenappliedat
therateof2to3gallonsperacretobreedingsourcesasso
ciatedwithurbancommunitydrainagefacilitiesinOrange
CountyBecauseofitsproveneffectivenessonanopera
tionalbasisover32sqmilesofurbanareatheuseofFLIT
MLOwillbeextendedtotheentire320sqmilesofurban
communityareawithinthaDistrictfortheforthcoming
1970seasonTheuseofFLITMLOispreferredovercon
ventionalpesticidesforthefollowingreasons

1TheuseofFLITMLOeliminatesanyhazardtothe
generalpublicaswellastofishandwildlife

2TheuseofFLITMLOeliminatesanyhazardtoDis
trictemployees

3TheuseofFLITMLOreducesthesprayrouteman
hoursandvehiclemileageupto50byincreasingto14
daysthe7dayspraycyclerequiredforemulsionsorgranu
lartypelarvicides

FLITMLOwasfirstusedduringthe1968seasonina
tensquaremileurbanareainnorthernOrangeCounty
Fromanoperationalstandpointwefoundtheresultssat
isfactory

FLITMLOwastestedagaininnorthernOrangeCounty
duringthe1969seasonTestingwasdoneina32square
mileareaor110ofthetotalurbanareaintheDistrict
RegulartreatmentcycleswerebegunonJune11969and
endedonOctober191969Atimelapseof14dayswas
maintainedinallareasforthefullsummerseasonThesix
incorporatedcitiesencompassedwithinthistestareahave
atotalpopulationof120000andarelocatedonrolling
foothillsatanaverageelevationof350ftTheaverage
meantemperatureforthetestareawas72Fwithmaxi

mumsintheninetiesandminimumsinthefiftiesduring
thesummerseason

Thenumberandmajortypesofcommunitydrainage
facilitieswithinthe32sqmiletestareawhicharechronic
mosquitobreedingsourcesareasfollows

790sites

25sitestotaling30280ft
53sitestotaling59600ft
10sitestotaling14400ft

FLITMLOwasappliedtoallbreedingsiteslocatedon
publicrightsofwayfromanInternationalHarvesterScout
equippedwitha50gallonpressuretankmaintaininga40
psiatthenozzle

AnapplicationrateoffromtwotothreegallonsofFLIT
MLOperacretostreetguttersandroadsideditcheswas
obtainedbyusingaSprayingSystemsAdjustableConeJet
nozzleNo5500X3setatitsminimumdischargerateof
005gpmandbydrivingataspeedoffivemphThenozzle
wasadjustedtoitsmaximumsettingof020gpmtopro
duceajetstreampatternforsluggingincurbinletsto
undergroundstormsewersaswellasforreachingoccasional
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sourceslocated10to15ftfromthevehicleForoffstreet

applicationFLITMLOwasappliedbyatwogallonhand
spraycanusingthesamepressureandnozzle

Ofthefourseparatecommunitydrainagerouteswithin
thetestareathreeweretreatedeighttimesandonewas
treatedninetimesforatotalof33treatmentsduringthe
fullseasonAtotalof364gallonsofFLITMLOwereused
TheNo5500X3SprayingSystemsConeJetnozzlewas
foundmostsatisfactoryforthisoperationbecausethemin
imumspraysettingproducedadropletsizelargeenough
topreventdriftingandswirlingandthejetsettingprovided
distancewhenneeded

Duringthe1969seasonrandomchecksweremade
throughoutthearea Itwasdeterminedthroughthese
checksthatbythe12th13thdaytherewasbreedingin
mostareasbutbreedingwas90larvaeand10pupae
Thiswouldindicatethat14daysbetweentreatmentwas
nottoolongaperiodRandomcheckingaftertreatment
withatimelapseof2448hoursshowed90100kill
Therewasnonoticeableincreaseinemergenceofadultmos
quitoesandnoincreaseinnumbersofservicerequestsfrom
thistestarea

ApreciseevaluationoftheefficiencyofFLITMLOdur
ingonespraycyclewasmadebytheDistrictVectorEcolo
gistGilbertLChalletfortheperiodofSeptember21969
throughSeptember171969Thesequenceconsistedof
presprayqualitativeandquantitativesamplingactualspray
ing24hourpostspraysamplinganda13daypostspray
samplingTable1presentstheeffectivenessofFLITMLO
inthecontrolofthethreespeciesofmosquitoesfoundin
seventypicalbreedingsourceswithinthetestareasThe
conclusionsofthisevaluationwere1thatFLITMLOkills
bothlarvaeandpupaewhenappliedattherateoffromtwo
tothreegallonsperacreand2thatFLITMLOprovides
controlforaperiodofupto14daysinOrangeCounty

TheuseofFLITMLOiseconomicalbecausethedosage
rateingallonsperacreisthesameasrequiredfordieseloil
fortifiedwithasuitablepesticideTheeliminationofthe
pesticideforthecontrolofmosquitobreedingincommun
itydrainagefacilitiesaccessibletothegeneralpublicisthe
objectiveoftheOrangeCountyMosquitoAbatementDis
tirctThequantityofFLITMLOrequiredtomaintainsat
isfactorymosquitocontrolfora14dayperiodwithinthe
32sqmiletestareaaveraged14gallonspersquaremile
Thesprayoperatorstimeaveraged11hourspersquare
mile

TheuseofFLITMLOattherateof2to3gallonsper
acreona14daytreatmentcyclethroughoutour320sq
milesofurbanareahasbeenadoptedforthe1970season
becauseitsuseeliminatesanyhazardtothegeneralpublic
andtotheDistrictsprayoperatoraswellastofishand
wildlife

TheuseofFLITMLOwillexpandupto50theurban
areawhicheachsprayoperatorcanservice
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BUFFALOGNATSIMULIIDAECONTROLINTHESOUTHEASTMOSQUITOABATEMENTDISTRICT

FrankWPelsuelGardnerCMcFarlandlandHarveyIMagy

InrecentyearstheSoutheastMosquitoAbatementDis
tricthasbeencalledupontocontrolbuffalognats
Simuliidaethathavebeenbotheringresidentslivingad
jacenttotheBigTujungaWashareasoftheCityofLos
AngelesThisnaturalriverhasitsoriginintheSanGabriel
MountainsandemptiesintotheHansenDambasinWith
theincreasedrainfallbeginnngin1967andclimaxingin
1969severalspeciesofthefamilySimuliidaehadbuiltup
tonuisancenumbersIn1968amoderateadultand

larvalpopulationoccurredwithadultsoccasionallybitinglocal
residentsbutnochemicalcontrolwaseffectedatthattime

Howeverin1969atremendouslarvalpopulationoccurred
withsomeadultsemerginginearlyspringandannoying
residentsAtthistimeitbecameapparentthatsomelevel
ofcontrolwouldhavetobeeffectedbasedontheextent
anddensityofthelarvalpopulation

TheLosAngelesCountyFloodControlDistricthascon
trolofthewaterintheBigTujungaWashareasotheycon
tactedtheSoutheastMADafterreceivingcomplaintsfrom
localresidentsTheSoutheastMADwasaskedtosurvey
theproblemareaandrecommendpossiblecontrolmeasures
Aftersurveyingtheproblemitwasdeterminedthatim
mediatechemicalcontrolmeasureswerenecessaryIncon
formancewithourcontractwiththeLACountyFlood
ControlDistrictcontrolmeasureswereundertaken

Thispaperisapreliminaryreportontheresultsofthe
controlmeasureseffectedagainstthevarioussimuliidspe
ciesencounteredinBigTujungaCanyonarea

Overtheyearsthecontrolofbuffalognatlarvaehas
beenaccomplishedusingDDTatvariousconcentrationsin
manyareasoftheworldFairchildandBarreda1945
obtainedcompletecontrolatdistancesupto10kilometers
withaconcentrationof1pprnfor60minutesinGuatemala
usingDDTInKenyaGarnhamandMcMahon1947used
DDTat1to27ppmtoachievecompletelarvalelimination
KindlerandRegan1949reportedlarvalcontrolinNew
HampshireusingTDEat1ppmfor10minutesoveraS
milesectionwiththeinsecticideintroducedat1milein

tervalsGjullinetal1949studiedtheeffectivenessof
severalinsecticidesonlarvaeLndfoundDDTtobethemost

effectivefordistancesupto880yardsataconcentration
of03ppmafterI5minuteapplicationperiodsDavisetal
1957evaluatedDDTdieldrinandparathionforsimuliid
controlinFloridaandSouthCarolinaTheyfoundthat
parathionatdosagesof05and1ppmgavegoodcontrol
inslowmovingstreamswithdistancesupto23miles
Theyalsofoundthat5DDTinfueloilappliedbyair
craftat2quartsperacregavefrom9599controlfor2
weeks InaerialapplicationsofDieldringranulesatthe
rateof004poundsperacrelarvaewereeliminatedfor2
weekswithabove90controlaccomplishedthrough4
weeks

SoutheastMosquitoAbatementistrictSouthGate
2BureauofVectorControlandSalidWasteManagementCalifornia
StateDepartmentofPublicHealthLosAngeles
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Jamnback1962screenedblackflylarvaeagainstavari
etyofinsecticidesfindingthatoftheinsecticidestested
fenthiongavethebestcontrolatconcentrationsof033
333ppmFrempongBoadu1966testedmethoxychlor
fenthionandcarbarylagainstseveralspeciesofSimumdae
larvaeandfoundthatmethoxychlorwasslightlysuperior
tofenthionandcarbarylusingasacriteriatheconcentra
tionofinsecticidewhichcaused50of larvaetode

tachConcentrationsusedinthisexperimentrangedfrom
01 40ppmdependingonthematerial

Fromareviewoftheliteratureonecanconcludethat

severalinsecticidesareeffectiveincontrollingsimuliidlar
vaeatconcentrationsrangingfrom01 27ppm

Thechoiceofinsecticideshoulddependonthefollowing
factorseffectivenessagainstbuffalognatlarvaelowtox
icitytovertebratesselectivityeffectsonnontargetorgan
ismslackoflongtermpersistencesoastoavoidbuildup
intheecosystemandcostafterWHOTechReport335

MaterialsandMethods

Inthisstudyfourspeciesofbuffalognatswerefound
occurringintheBigTujungaWashareaIn1969Silulium
argusWillistonSvittatumZatterstedtandSvirgatum
Coquillettwerecollectedandin1968StescorumStone
andBorehamwastakenIn1969wedidnotcollectany
Stescorumbutwereceivedseveralreportsofgnatsbiting
andasStescorumisafiercebiterofmanitwasprobably
alsopresentalongwiththeotherthreespecies

InJulythereweretwostreamsintheigTujungaWash
areainfestedwithSimuliumsp Thesewerethemain

streamsstreamMoriginatingfromtheBigTujungaDam
intheSanGabrielMountainsandtheotherwasasmall
streamstreamQoriginatingfromfishingwaterinarock
quarryintheHansenDambasinInadditiontheHansen
Damspillwaywasalsoinfestedhoweverthiswasnotfound
untilAugustafterwehadtreatedthestreamsMandQin
JulyInthespillwayareawehadatremendousadult emer

genceandreinfestationoccurredatthreeweekintervals
throughthemiddleofOctober

TheinsecticidechosenfortreatmentwasAbate 00
00tetramethyl00thiodipphenylenepbosphorothioate
ThischoicewasbasedonAbateslowmammalianavian
andfishtoxicityFivequartsofAbateweredilutedin100
gallonsofwaterThiswasflowedintothestreamfor60
minutestoachieveafinalconcentrationof05ppmin
streamMStreamQwastreatedatthesamerateThema
terialwasinjectedusingastandardmosquitoabatement
airpressuresprayerequipmentmountedonajeep

TheareatreatedinstreamMwasapproximately5miles
inlengthwithtwoinjectionpointsoneatanarbitrarybe
ginningwelloutoftheresidentialareaandtheotheratthe
midwaypointTherewas46secondfeet20700gallons
minutecomingdownstreamMwhilestreamQhad123
secondfeet5535gallonsminuteandwastreatedatits
headwatersintherockquarryTreatmentdistanceforQ
wasapproximatelyonemileTheHansenDamspillway



wastreatedbyshuttingoffthewaterandtreatingtheleak
agewhichwasenoughtokeeptheimmaturesattached
withAbateatthesamedosagerateusedinthestream
treatments

PopulationlevelinstreamMwasextremelyhighwith
everyrockaquaticplantandbitofdebriscoveredwith
larvaeaveraging1020larvaepersquareinchInstreamQ
thelarvalpopulationwasconsiderablyloweraveraging28
persquareinchofinfestedsurfaceIntheHansenDam
spillwaythepopulationaveragewasextremelyhighwith
anaveragecountof2030persquareinchofinfestedsur
faceTheadultaverageintheHansenDamspillwaywas
approximately510persquareinchintheshadyareas
channelwallandflumes

IntheHansenDamspillwaythepopulationseemedto
consistofonlySargusandSvittatumwhileinthestreams
bothoftheabovespecieswerepresentinadditiontoS
virgatumin1969In1968Stescorumwastheonlyspe
ciescollectedhowevertheotherspecieswereundoubtedly
present

Sincetheonlylargeadultpopulationwaspresentinthe
HansenDamspillwayandtheonlyspeciesapparentlypres
entinthisareawereSargusandSvittatumweassume
oneofthesespecieswasbitingWebasethisassumptionon
thebitingreportsreceivedfromworkersonagolfcourse
adjacenttothedamspillwayIn1968weknowthatS
tescorumwasbitingasspecimenswerecollectedatthe
homeofoneofthecomplainantsandgnatswereobserved
biting

ResultsandDiscussion

Treatmentsiteswerechecked24hoursaftertreatment
andapproximately95detachmenthadoccurredand
thosethatremainedattachedweredeadgivingus100kill
followingtreatmentinallareastreatedInthestreams
onlyasmallnumberofpupaewerepresentatthetimeof
treatmentsoaminimumnumberofadultsemergedRein
festationdidnotoccurasmudstirredupbysluicingactiv
itiesintheBigTujungaDammadethewaterinthestream
MuninhabitableforsimuliidlarvaeThesluicingactivities
werebegunapproximatelyonemonthaftertreatmentbut
weeklyinspectionsuntilthattimeindicatedthatreinfesta
tionhadnotoccurredinstreamMInstreamQreinfesta
tionwasfirstnoticedinthefirstpartofSeptemberand
periodicinspectionstodateshowthepopulationatarela
tivelylowlevel

IntheHansenDamspillwayreinfestationoccurred
abouteverythreeweeksduetothelargeadultpopulation
ThisareawastreatedthreetimesfromearlyAugustthrough
SeptemberWealsodidsomelimitedadulticidingbutthis
didnotpreventreinfestationasadultswerecontinuallye
mergingInthisarea100larvalcontrolwasobtained
buttheAbatedidnotseemtoaffectthepupaeprobably
duetothelowinsecticideconcentrationandshortcontact
time

WechoseAbateoverfenthionprimarilyduetoitslow
mammalianandaviantoxicityparticularlyitslowertoxicity
toducksTheBigTujungaWashemptiesintotheHansen
DamReservoirwhichhasalargepopulationofducksand
fishAftertreatmentwedidnotnoticeanychangeinthe
aquaticfunasoapparentlyAbateattheconcentrationused

washarmlesstonontargetorganisms
Approximatelyonehouraftertreatmentthegnatlarvae

begantobehaveabnormallydetachingfromtheirattach
mentsitesandmovingdownstreamontheirsilkenthreads
somebeingcaughtinthealgaealongthebankofthestream
anddyingthereAfter24hoursrocksthatwereformally
heavywithlarvaewereclean

Duetotheextentofthelarvalpopulationandageofthe
larvae75were4thinstarstimeoftreatmentwasim
portantsoastopreventalargenumberofadultsfrome
mergingNotimewastakentodeterminetheleastamount
ofmaterialneededtoachieveeconomicalcontrolofthe
simuliidsWehopeinthecomingseasontodosomedefini
tiveworkontheuseofAbateagainstsimuliidlarvaede
termingtheminimumconcentrationrequiredtoachieve
100control

SummaryandConclusion

IncontrollingbuffalognatsintheBigTujungaWashof
theCityofLosAngelesarelativelyneworganophosphate
insecticideAbate4Ewasutilized Itwaschosenover

othermaterialsbecauseofitslowmammalianavianand
fishtoxicityanditsrelativeshortresidualqualities

TwostreamsandtheHansenDamspillwaywerethesites
oftreatmentInallcases100controlofthelarvalform
wasobtainedwithanAbateconcentrationof05ppmin
jectedusinganairpressuretypesprayrigflowingthema
terialintothestreamforonehourallowingittoflowdown
thestreamthroughtheareaswherelarvalcontrolwasde
sired

Detachmentofsimuliidlarvaewasachievedin24hours
Reinfestationsofthestreamareaoccurredin60daysRe
infestationoftheHansenDamspillwayoccurredin15days
duetothelargeadultpopulationwhichoccurredhere

WefeelthatAbateprovidessuitablecontrolofbuffalo
gnatlarvaewhileapparentlynotaffectingnontargetorgan
ismsHoweverwealsofeelfurtherresearchshouldbedone
todeterminetheminimumconcentrationatwhich100
controlcouldbeachievedandtodocumentwhichspecies
wereactuallybiting
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CaliforniasPhantomLakehasreturned TheTulare

LakeBasinwasfloodedinJanuary1969bydistributaries
fromtheKingsKaweahandKernriversCrossDeerand
Whitecreeks Thefloodswererelentlesssilentand
steadyfromJanuarythroughJuneastheyculminated
inalakecovering130sectionsholdingonemillionacre
feetoffloodwaterThislakewillstandfor3yearsthe
lastpotholesdryingupinthesummerof1971

Thewatersofthelake1avelockeduptherichfarmsoils
oftheBasincostingacroplossof25milliondollarseach
yeartoourcommunityBeneaththewatersofthelakere
mainthirtyfivemilesofpavedroadsystemsReplacements
fortheseroadswillcost312milliondollarsEverythingelse
thefarmscanalsditchesandfieldshavebeendestroyed
Itwillbefallof1971befcrethisareacanberestoredcul
tivatedandcropsgrownagain

IseetheTulareLakeaquietlakelappinggentlyatits
shoresbutlikealllakesithasitsmoodsAttimesthe

TulareLakewillroarfrothandslashatitsleveesbinding
andrestrainingitfromitsancestralboundarieswhichwere
760squaremilesSometimesitsbreakerswillsplashspray
20feetintheair

Itwillnurturebirdlifetheninflictthestenchofbotulism

upon40000birdsItwillinvitehuntersandfishermento
itsbountythenupsettheirboatsinajealousfrenzyIn
Januaryof1970ittookthelivesoftwoboys

Regardingmosquitoactivityduring1969weatthe
AbatementDistricthadplentyoftimetoprepareforthe
summerandwehadthe1967floodseasontoreflectupon

FromAprilthroughOctober1969observationswere
madeonvectorpopulationsat24sitesrepresentingsuburb
anruralcommunityandruralagriculturalhabitatsinco
operationwiththeKernMosquitoAbatementDistrict

ThisinvestigationwassupportedinpartbytheNationalInstitute
ofAllergyandInfectiousDiseasesResearchGrantAl03028and
GeneralResearchSupportGrantIS01FR05441fromtheNational
InstitutesofHealthUSDepartmentofHealthEducationand
Welfare
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TULARELAKE1969 DIARYOFADISASTER

RichardFFrolli

KingsMosquitoAbatementDistrictHanford

KindlerJBandFRRegan1949Larvicidetestsonblackfliesin
NewHampshireMosquitoNews93108112

WorldHealthOrganization1966ExpertcommitteeonOnchocer
ciasissecondreportControlofSimuliumvectorwithadult
icidesandlarvicidesWHOTechReptSer3357178

Ourapproachthereforewasorderlysettingupformoney
formenandformaterialsItmaybeamistaketoequate
orderlinesswithefficiencybutorderlinessgivesoneasense
ofconfidenceandweneverworriedthatthesituationwould

gettheupperhandTosupportourcampaignwewent
aboutseekingmoneyearlyItcamefromaraiseinDistrict
taxratefromtheOfficeofEmergencyPreparednessfrom
theNavyandfromtheKingsandTularecountiesBoards
ofSupervisorsDuringthesixmonthseasonourexpendi
turesreached300000surpassingournormaltwelvemonth
budgetof250000

Ournormalcomplementofmenis23duringthesummer
monthsWeincreasedthisbythreementwoofthose
pilotsbringingtheirnumberstofourWepurchasedtwo
additionalaircraftfortheseasonDuringthenormalday
wewouldhave4to5aircraftsprayingoccassionallywe
wouldhaveasmanyas6inonedayEachaircraftwasca
pableoftreating1000acresperdaysomemissionswere
flownatnightThiswasallonthedeckflyingOur
basiclarvicideforCulextarsaliswasmethylparathionand
wetreated320000acres

Duringthewintermonthscontrolemphasisshiftedto
sourcereductionmethods Oursourcereductionpeople
eliminateapproximately30potholessmalllakesandponds
eachmonthasthewatersrecedeMoppingupwillcontinue
asthelakedries

ThephantomTulareLakeholdsafascinationtopeople
whodonotliveintheareaandtheyliketoseeitcome
ButthosewhoaredirectlyaffectedintheTulareLakeBasin
feelotherwise

MOSQUITOVECTORANDARBOVIRALSURVEILLANCEINKERNCOUNTY1969

RichardNLyness
ArbovirusFieldStationBakersfield

Viralactivitywasmeasuredbyimmunologicconversion
ratesin9sentinelchickenflocksthatwerebledduringthe
lastweekofeachmonthfromMaythroughNovember

ViralisolationattemptsfromCulextarsalisincluded
specimenstakeninshelteratfourlocationschickbaited
trapsat24locationsinsuburbanruralcommunityand
ruralagriculturalhabitatsandasmallnumberofCO2
baitedtrapsViralinfectionandtransmissionrateswere
alsousedtomeasureviralactivity



Heavywintersnowfallresultedinawintersnowpack
morethan400percentabovenormalinthehighmountain
watershedareasoftheKernRiverInadditionFebruary
1969wasthesecondwettestFebruaryonrecordThere
sultingrunoffpreventedtheusualdrawdownofLakeIsa
bellathefloodcontrolreservoirontheKernRiverThe
springsnowmeltwasfollowedbythehighestlevelofwater
flowintheKernRiveronrecordInadditiontothewater
divertedtotheusualsubsurfacegroundwaterpercolation
bedsextensivefloodingoccurredalongthelowerreachesof
theKernRiverbelowBakersfieldWaterwasdivertedfrom
theKernRivertoTupmanSloughwhereitflowednorth
intotheGooseLakeDrainandonintoTulareLakeLater
theflowintoTulareLakewasblockedandtheflowwas
confinedtoanapproximate20squaremileareawestofthe
KernWildlifeRefugealongtheKernKingsCountylineFor
aperiodoftimewaterfromtheKernRiverwasevenpump
edintothenewlyconstructedCaliforniaaqueduct

RiverflowsTable1andclimaticdataTable2and
otherdataarecomparedwith1958anotheryearofhigh
waterflowand1968ayearwhenwaterflowwassubstant
iallybelownormalIncontrastto1969bothoftheseyears
hadmoderatetosubstantialWesternequineencephalitisand
StLouisencephalitisactivity

SWeatherBureauMeadowsFieldBakersfield

VectorPopulationsandArbovirusActivity
WhileextensiveareasofbreedingwerereportedbyKern

MADpersonnelearlyinthespringlargenumbersofCtar
saliswerenotobserveduntillatespringTable3Incon
trastin1958andtoamuchlesserextentin1968anearly
springpeakoccurredinlateAprilPeakpopulationsofC
tarsalisoccurredinearlyJulyin1969

Table1TotalannualoutflowfromIsabellaReservoirinto
theKernRiverforselectedyears19581968and19691

YEAR

1958

1968

1969

Table2ClimaticconditionsinKernCountyforthreeselectedyears19581968and1969

ANNUALFLOW

ThousandAcreFeet

I
CourtesyofKernCountyLandCompanyBakersfield

California

11768

4828

20293

105

Avg Temperature
NoofDays
above100F

Avgofdaysde
parturefromnormal

Precipitation

TotalHEquivalent
inches

AvgDeparture
fromNormalInches

Month 1958 1968 19691958 1968 19691958 1968 19691958 1968 1969 1958 1968 1969

January 483 479 489 0 0 0 14 05 15 93 049 212 09068 95

Feburary 569 589 511 0 0 0 44 69 9155 056 283 43058 169

March 539 598 567 0 0 032 29 2205 101 29 94005 77

April 614 654 635 0 0 0 16 24 5148 066 110 87015 29

May 720 702 743 0 0 2 18 02 39 88 006 08 53016 14

June 754 812 767 1 12 0 15 41 4T 00 T 09009 09

July 824 866 863 9 18 16 18 23 20 0 T T 01 001 01

August 857 798 862 11 9 21 39 19 45 01 T T 0 00 T

September769 769 808 2 3 7 13 04 43 56 00 T 49008 08

October 715 662 646

0 0 0 50 06 22 T 129 T 37 097 32

November561 557 583

0 0 0 01 02 24 38 040 42 05 009 07

December524 470 511

0 0 0 97 18 23 02 067 16101 03 081

Heavywintersnowfallresultedinawintersnowpack
morethan400percentabovenormalinthehighmountain
watershedareasoftheKernRiverInadditionFebruary
1969wasthesecondwettestFebruaryonrecordThere
sultingrunoffpreventedtheusualdrawdownofLakeIsa
bellathefloodcontrolreservoirontheKernRiverThe
springsnowmeltwasfollowedbythehighestlevelofwater
flowintheKernRiveronrecordInadditiontothewater
divertedtotheusualsubsurfacegroundwaterpercolation
bedsextensivefloodingoccurredalongthelowerreachesof
theKernRiverbelowBakersfieldWaterwasdivertedfrom
theKernRivertoTupmanSloughwhereitflowednorth
intotheGooseLakeDrainandonintoTulareLakeLater
theflowintoTulareLakewasblockedandtheflowwas
confinedtoanapproximate20squaremileareawestofthe
KernWildlifeRefugealongtheKernKingsCountylineFor
aperiodoftimewaterfromtheKernRiverwasevenpump
edintothenewlyconstructedCaliforniaaqueduct

RiverflowsTable1andclimaticdataTable2and
otherdataarecomparedwith1958anotheryearofhigh
waterflowand1968ayearwhenwaterflowwassubstant
iallybelownormalIncontrastto1969bothoftheseyears
hadmoderatetosubstantialWesternequineencephalitisand
StLouisencephalitisactivity

SWeatherBureauMeadowsFieldBakersfield

VectorPopulationsandArbovirusActivity
WhileextensiveareasofbreedingwerereportedbyKern

MADpersonnelearlyinthespringlargenumbersofCtar
saliswerenotobserveduntillatespringTable3Incon
trastin1958andtoamuchlesserextentin1968anearly
springpeakoccurredinlateAprilPeakpopulationsofC
tarsalisoccurredinearlyJulyin1969

Table1TotalannualoutflowfromIsabellaReservoirinto
theKernRiverforselectedyears19581968and19691

YEAR

1958

1968

1969

Table2ClimaticconditionsinKernCountyforthreeselectedyears19581968and1969

ANNUALFLOW

ThousandAcreFeet

I
CourtesyofKernCountyLandCompanyBakersfield

California

11768

4828

20293
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Table3CulextarsalispopulationindicesfromNewJerseylighttrapsoperatedindifferentenviromentsinKernCountyfor
selectedyears19581968and1969
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URBAN RURAL SUBURBANRURAL
PERIPHERY

DATE 1958 968 1969 1958 1968 1969 1958 1968 1969

41 0 0 76 1 2 0 1 1

48 0 0 67 12 1 1 1 0

415 0 0 131 15 1 1 1 1

422 0 0 161 5 2 1 1 0

429 0 0 249 2 8 2 2 1

56 1 0 0 48 4 4 2 1 1

513 3 0 0 88 1 5 2 1 2

520 16 0 0 324 3 17 8 1 5

528 3 0 0 28 6 18 15 3 3
64 5 0 0 104 2 15 20 1 4
611 24 0 1 208 5 14 18 1 2
618 10 0 1 43 7 34 33 2 3
625 37 0 1 67 9 51 39 2 5
72 8 0 1 434 4 72 17 2 7
79 4 0 0 658 9 105 21 3 6
716 4 0 1 62 8 62 15 6 9
723 3 0 1 144 13 52 13 9 11
730 3 0 1 86 24 26 34 9 5
86 1 0 0 204 24 2 21 2 5
813 3 0 0 207 3 2 9 1 4
820 2 0 0 62 1 12 12 1 2
827 1 0 0 124 3 6 13 1 4
93 6 0 0 73 2 6 30 1 3
910 I 0 0 65 7 9 5 0 2
917 1 0 0 36 3 7 3 1 1
924 4 0 0 23 2 17 6 1 1
101 2 0 0 52 1 14 4 1 1
108 0 0 4 9 1 1
1015 0 0 1 6 1 1

1022 0 0 1 4 1 1

1029 0 0 1 2 1 1

Average 4 0 1 151 5 21 13 2 3

Table4ViralinfectionratesinsheltercollectedCtarsalisandimmunologicconversionratesinsentinelchickensfor
selectedyears19581968and1969KernCounty

YEAR
INFECTIONRATE1000 IMMUNOLOGICCONVERSIONRATE

WEESLETURLOCK WEE SLE TURLOCK

1958 80 09 45 32

1968 64 03 04 14 1 3

1969 0 0 21 0 0 5



Table5ProportionofgravidtoengorgedCtarsaliscollectedinsheltersintwolocationsinKernCounty1969compared
withcollectionsin1958and1968

YEAR LOCATION NO GRAVIDI ENGORGED

PERCENT NO PERCENT

1969 JERRYSLOUGH 367 139 1916 861

MAINDRAINBRIDGE 905 869 136 131

19682 133 111 1066 889

19582 1776 616 1110 384

1Engorgedanynondepletespecimenwithvisibletraceofbloodinabdomen
Gravidanyspecimencontainingeggsbutwithouttraceofresidualblood

2CollectionsfromallareasduringJuneandJuly

Table6NumberandpercentoffemaleCulextarsaliswhichcontaineggswhencollectedaspupaeandheldfor10dayson5
percentsugarwaterafteremergence

DATE DATE NOWITH NOWITHOUT TOTAL PERCENT

SOURCE EMERGED EXAMINED EGGS EGGS EXAMINED GRAVID

KernRiver 71115 725 47 45 92 511

BuenaVista 715 725 26 2 28 928

CommanchePt 715 725 5 0 5 100

RioBravo 71215 725 17 12 29 586

KernRefuge 71115 725 8 2 10 800

JDaleRanch 716 725 1 0 1 100

JamesRanch 715 725 3 1 4 750

TOTAL 107 62 169 633

107



Table7CasesofencephalitisreportedfromKernCounty
1968and1969andfinaletiologicdiagnoses

EtiologicAgent

Westernencephalitis
StLouisencephalitis
Echo

Mumps
Herpes
Measles

Bacterial

Coccidioidomycosis
Undetermined

Total

108

Numberofcases

1968 1969

2 0

1 0

3 4

7 3

4 2

1 0

1 0

1 0

27 6

47 15

DespitethefactthatexpectedhighpopulationsofCtar
salisdidoccurtherewasroevidenceofwesternencephal
itisorStLouisencephalitisvirusactivityIncontrastthere
werenumerousisolationsofTurlockvirusfrompoolsof
CtarsaliscollectedinshelterschickbaitedtrapsandCO2
trapsSimilarlynoneofthesentinelchickensshowedevi
denceofinfectionbyimmunologicconversiontoWEEor
SLEviruseswhile5percenthadhaemoglutinationinhibi
tionantibodiestoTurlockvirusTable4

EvidenceofAutogeny
FormanyyearsCtarsaliscollectedinsheltershavebeen

classifiedintothreegroupswhentestedforvirusengorged
fedmosquitoesincludingallwithanytraceofresidual
bloodgravidmosquitoescontainingeggsbutnotraceof
residualblooddepletewithoutdetectableeggsorblood
Normallyofthesemosquitoesinsheltercollectionsthat
werenotdepletethegreatmajoritywereclassifiedasen
gorgedwithonlyasmallproportionclassifiedasgravid
Theratioofdepletetonondepleteengorgedandgravid
variedwiththetimeofyear

Earlyinthesummerof1969itwasobservedthatwhile
intheJerrySloughareatheusualhighproportionofen
gorgedtogravidspecimensweretakeninsheltersatanother
collectionsiteMainDrainBridgeneartheextensiveflood
edareasinnorthernKernCountyreverseproportionswere
observedExaminationofsheltercollectiondatafor1958

and1968revealedthatwhiletheusualhighproportionof
engorgedtogravidwerecollectedduring1968thepropor

tionofgravidwasgreaterthanengorgedin1958Table5

Sincethisincreasedproportionofgravidspecimenscould
bearesultofautogenousdevelopmentofeggspupaewere
collectedbyKernMADpersonnelfromvariousbreeding
areasandrearedinthelaboratoryEmergedfemaleswere
heldfor10dayswithaccessto10percentsugarsolution
andexaminedforsignsofeggdevelopmentAutogenyrates
fromtheserearedspecimensrangedfrom511to100per
centTable6

Discussion

ThecompleteabsenceofanyevidenceofWEEandSLE
activitywasnotlimitedtoKernCountybutratherwasa

generalstatewidephenomenonHoweveritisofinterest
tocomparevariousparametersthathaveinthepastbeen
associatedwitharboviralactivityTheyear1958waschar
acterizedbyfloodconditionscomparableto1969Ctar
salispopulationswereextremelyhighandbothWEEand
SLEviruseswereveryactiveresultinginanumberofhu
mancasestobothvirusesTheyear1968wasalsoayear
whenbothWEEandSLEvirusesweremoderatelyactive
withconfirmedhumancasesforbothvirusesbutwasa
yearcharacterizedbybelownormalrainfallandriverflow
andwithrelativelylowmosquitopopulationsIn1969
breedingareascreatedbyfloodingwereextensivemosqui
topopulationswerehighalthoughsubstantiallylessthan
1958buttherewasnodetectableWEEorSLEvirusactiv
ity

Temperatureconditionsweresimilarforallthreeyears
although1958hadfewerdaysover100FDuring1958
andtoalesserextentin1968anearlyspringpeakoccurred
intheCtarsalispopulationinAprilwithasecondmajor
peakoccurringinmidsummerThisearlyspringpeakwas
notdetectableinthe1969Ctarsalispopulationindices

Autogenyappearstohaveoccurredduringboth1958
and1969Itisnotknownwhetherthiswasareflectionof
larvaldietinnewlyfloodedareasorareductionofhost

availabilityduetoeliminationofavianhabitatbyflood
watersNorisitknownwhatinfluencethishadonthe

absenceofWEEandSLEvirusactivity

Despitethehighriverflowareasoffloodingweremuch
lessin1969thanin1958duetobettertransportationand
disposalofexcesswaterInadditionasubstantialreduc
tioninagriculturalsourcesofCtarsalisproductionhasoc
curredintheensuingdecadefrom1958to1969Asare
sultduring1969highmosquitopopulationswerelimited
forthemostparttothefloodedareasUrbanandrural
communityperipheryCtarsalisindicesweresimilartopre
viousnonfloodyearsTable3EvenhadWEEorSLE
virusesbeenactivetheriskofdiseaseinhumanpopulations
inKernCountywouldhavebeensubstantiallyTessthanin
1958



1969shouldserveasawarningthatbeginningnowwe
musttakeanewapproachrememberwhatwehavelearned
andbereadytoreorientandupdateoureffortstowardour
targetorganisms

Someoflastyearseventstothinkaboutare1the
epidemicthatdidntdevelop2lodesandCuoxresis
tanceand3thepublicandpoliticalattitudetowardthe
environmentThesearenotlistedinanyorderofimpor
tanceexceptthattheyoccurredalmostsuddenlyinour
immediatepastarecurrentlyobviousandmostassuredly
willhaveadefiniteandseriousimpactuponourfuture

Iftheepidemichadoccurredwewouldhavesprayed
awayrevelinginthebeliefthatoursprayingpreventeda
moreseriousepidemicButwhatwouldwehavelearned
HowevernothinghappenedWhyIfwesayitwasbe
causeofthesprayingthatwasdoneweareplayingostrich
andIthinkweshouldbesmarterthanthatWehavebeen
leftwithmanyquestionsanddanglingtheoriesasaresult
ofthenonepidemicandpartofourfutureliesinanswer
ingthequestionsandrealigningthetheories

Lessonslearnedinthisrespectalsomaybeappliedto
othervectordiseaserelationshipssuchasthemalariapos
sibilityintheSacramentoValleyanophelesareherein
greatnumberstherearereturningveteransfrommalarial
areasandmalariacaseshavebeenincreasinginthestate
WhatarethepossibilitiesDowehavetoworryaboutthe
diseaseaswellastheannoyancefactor

Insecticideresistanceisthedirectresultofourtakingthe
easywayoutandoursinshavecaughtupwithusWehave
watchedAedesresistancedevelopingoveranumberofyears
butwithacertaindegreeofindifferencebecausetherewas
alwaysaneweasyoutavailableThesuddennessoflulex
tarsalisresistancewasashocknotbecausewedidntknow
thatitwouldeventuallyoccurbutbecausewethoughtwe
hadseveralyearsandseveralmoreeasyoutstogo

Thepublicandpoliticalattitudetowardtheenvironment
hasbeensimmeringforquiteawhileespeciallysince
SilentSpringdaysLastyearitreachedtheboilingpoint
Inthe1970sitwillundoubtedlyboiloverAsmosquito
abatementdistrictswehavehadrelativelylittleeffectone
wayortheotherincreatingthisattitudeneverthelesswe
havebeenandwillbeaffectedbytheresultsofitWhat
willwedo

WeareenteringanewdecadeItseemsobviousthatwe
mustalsostartinanewdirectioninmosquitocontrolThe
resistancesituationalonewillrequireustoinitiateasignifi
cantchangeinourcontrolprograminadirectionaway
fromsuchcompletedependenceuponinsecticidesPublic
concernwithenvironmentalcontaminationandmorere

strictiveinsecticidelegislationarefactorswhichwillalso
guideusalongournewdirection

Whichdirectionwillwego

TARGETORGANISMS

MelvinLOldhamChairman
1969CommitteeoftheFuture

CaliforniaMosquitoControlAssociation

Withourpresenttechnologytherearelimitedchoices
Themostpositiveofcourseissourcereductionbutthis
isoftenexpensiveandcanbecomecomplicatedespecially
ifweattempttousethelegalmeansprovidedinthelawso
mostofusadvocatesupportbutputoffanyserioussource
reductionuntilnextyear Inspiteofourreticenceifwe
aretocontinuecontrollingmosquitoessourcereduction
willmostlikelybethenecessaryrouteuntilresearchpro
videssatisfactorybiologicalornaturalistictechniquessome
highlyspecificsafemosquitocidesorothersatisfactory
alternatives

Betweennowandthetimeournewdirectionbecomes

effectivetherewillbemoremosquitoesInmosquitoabate
mentdistrictswheremosquitoesdooccurtherewillbe
fewercatchesof0103oreven50mosquitoespertrap
night

Moremosquitoeswillbringusintocontactwithour
mostpestiferousorganismofall peoplewhichinturn
bringsupthetopicofpublicinformationDuringthenext
decadewewillhavetoincreasevastlyourpublicrelations
andeducationalactivitiesonradiotelevisioninnewspapers
forschoolsandotherorganizationsThisinformationmust
beaccuratetimelyandunderstandable

Manyofyounodoubtreceiveannouncementsfrom
yourlocalUCExtensionServiceofvariouscountywide
agriculturalmeetingsonfruitsandnutslivestockpastures
andotheragriculturaltopics Seldomifeverdothese

meetingsincludeanythingonmosquitoesIthinkweare
missingabetbynotworkingwithAgExtensiontoinclude
mosquitoesortohavepublicmeetingsonmosquitoesex
clusivelyWecertainlyhavethepersonneltalentandknow
ledgetoparticipateandwouldnotonlyprovidepublicin
formationandeducationbutmightstimulatesomeagricul
turaliststopracticesourcereductionThepublicandpolit
icalattitudetowardtheenvironmenthasadirectrelation

shiptousandouractivitiesandwecanbeststayonthe
goodsideofthepublicbyhavinganexcellentpublicedu
cationandinformationprocessgoing

IfthereareanyUniversityExtensionpeopleheretoday
1invitethemtoworkwithustosetupaproceduretoin
cludemosquitocontrolintheiragriculturalmeetings
throughoutthestate

Totalkonmosquitoabatementdistricttargetorganisms
andcovermosquitoesonlywouldbegrossneglectsoat
thispoint1willtouchonotheranimalsthatweknowwill
bemoreinourfutureMostofthethingsrequiredformos
quitoeswillalsoberequiredforthesepestssourcereduc
tionwherepossiblebiologicalandnaturalisticcontrol
highlyspecificstrategicallyplacedpesticidesandtimely
publicinformation

Fewofushaveescapedinvolvementwithaquaticgnats
andmidgesandmanyareactivelyinvolvedintheircontrol
Theyarereportedaspeststhroughoutthestateinrecre
ationalandresidentialareaspaintingactivitiesfoodpro
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cessingmanufacturingplantsandavarietyofothersitua
tionsBeingproductsofwaterimpoundmentanddevelop
menttheexpandingCaliforniawaterprojectsandtheever
increasinghumanpopulationwillcontinuetomergepeople
gnatsandmidgescreatingmoreneedforourservices

Theburgeoningpopulationfiguresremindusthatanec
essarysideproductiswastebothliquidandsolidwith
quantitiesinthemillionsoFgallonsandtonsPubliccon
cernwillprecludedisposingofthisinthecustomaryman
nerNewdisposalmethodsarebeingdevelopedasrapidly
astechnologypermitsbuttherewillbeatimelagduring
theconversionperiodTheinterimwillmeanadditional
targetorganismsformosquitoabatementdistrictsmore
aquaticgnatproductionfromsewageandwastetreatment
plantsandoxidationpondsandfliesandrodentsfromthe
solidwasteproductsAlthoughtechnologyeventuallymay
developwastedisposalprocessessoefficienteffectiveand
completethatpestswillnotbeproducedtodayratsarein
volvedineveryphaseofourfoodsupplyEvenifthewaste
problemissolvedtheywillstillneedtobecontrolledand
wemaybeassignedthetask

Thelistoforganismscangoonandonincludingyellow
jacketswaspswildbeesticksconenosebugsandfleasto
namebutafewWithoutadoubtthisdecadeandtheensu

ingyearswillexpandourfieldoftargetorganismsandin
cludeagreatervarietythanwenowcoverHoweverwe
mustbecarefultostaywithinourboundsandnotencroach
intothefieldofprivateenterpriseWeshouldkeeptoor

InlookingbackoverthemanyPresidentialMessagesI
sawaconstantduplicationinreferencetoourproblems
HavewenotsolvedanyproblemsCertainlywehavesolved
manybutwestillhavetwoofthesameoldproblemsIn
thebeginningofthe60swesawresistancetoourinsecti
cidesaswellasrumblesorenvironmentalcontamination

NowthesetwosubjectsarerealandhereWeinmosquito
controlhaveandwillcontinuetohaveadevotionanddedi

cationtoourjobanditssurroundingsWehavebeenand
willcontinuetobeproperandpreciseinourapplications
ofanypesticidesWehaveovermanyyearsofinsecticide
dispersalbeenhighlyconsciousofourdutyanddevotionto
preservationoftheecologyaroundusWearetraineddedi
cateddevotedandexperiencedmosquitocontrolpeople
Wehavebeenandwillcontinuetobestronglyawareofthe
ecologicalworldaroundusitsprotectionandpreservation
Lettheantipesticidecampaignercomearoundandwewill
educatehimtooursideofthecoinIamwillingtoventure
astatementthattherehasnotbeenasingleoneofuswho
hasbeeninvolvedinaresearchprojectthatdidnotinvite
andhavearoundusintheprojectpeoplefrommanyagen
cieswhowouldmonitorandevaluatetheenvironmentwith

inandaroundthisproject
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PRESIDENTIALMESSAGE

KennethGWhitesellPresident
CaliforniaMosquitoControlAssociation

ganismsthataffectthepublichealthandcomfortwhichare
beyondthecontroloftheindividualorprivateenterprise
Wemightconsiderthisasapossibledefinitionofourtarget
organismsArthropodandvertebrateorganismsaffecting
publichealthandcomfortwherethescopeofcontrolisnot
withintherangeoftheprivateindividual

Researchwillplayanimportantandnecessarypartin
providingthewaysandmeansforourfutureinvolvement
Indeedwithoutresearchonanexpandingscaleweareliable
tofounderinchaosandhopelessnessItwillbenecessary
forustoworkmorecloselywithresearchagenciesboth
publicandprivatetoensurethateffortisdirectedtoward
ourgoalsandwemustbepreparedtosupportphysically
andfinanciallytheseprogramsandprojects

Inadditionwemustconsiderseriouslymorearrange
mentswithprivateenterpriseandotherpublicagencies
whereourcontrolprogramswillmeshinacomplementary
capacity

Thedecadeofthe70sisuponusandisthebeginningof
achangeinallfacetsofhumanendeavorBeingapartof
thisendeavorwemusthepreparedtotakeanewdirection
inrelationtoourpasttargetorganismsandtoacceptnew
targetorganismsasourresponsibilityinthefutureBecause
weareandwillbeworkingforthepublicwiththepublic
andunderpublicscrutinywemustbeaccuraterightand
straightforwardinallactivitiesweundertake Ourex

pertisemustbetunedtothepeakofperfection

Inworkingwiththiscooperativeideawehavesolved
thenumberoneprobleminthisworldandthisiscommuni
cationbetweenmanAslongaswemaintaintheselinesof
communicationwewillsurviveprogressandfunctionin
anorderlymannerThislineofcommunicationIsincerely
anddeeplyhopeyouwillmaintainwithmeasyour
PresidentofthistheCaliforniaMosquitoControlAssocia
tion

IwouldliketoextendthanksfromtheAssociationand

myselftoournowPresidentElectFredDeBenedettiand
histechnicalconsultantLesBrumbaughforthisveryfine
programtoMelOldhamandGeorgeUmbergerandothers
fromtheSacramentoValleyRegionfortheirgoodjobon
localarrangementsandtoallthecommercialexhibitorsfor
theirparticipationLastbutcertainlynotleastahumble
thankstothespeakersandaudiencefortheirattendance
TheAssociationinvitesyoutothe39thAnnualConference
inOaklandin71

Ideclarethis38thAnnualConferenceoftheCalifornia
MosquitoControlAssociationofficiallyclosed


