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THEIMPACTOFEPAONMOSQUITOCONTROLPROGRAMS
HenryJKorp

EnvironmentalProtectionAgency
1600PattersonDallasTexas75201

Therearevariousregulatorysectionsoftheamended
FederalInsecticide Fungicide andRodenticideAct

FIFRAwhichareofconcerntoyousoitmightbewellto
reviewthestatusofthesesectionspreparatorytoaquestion
andanswersessionwhichwillfollowDrHazeltinesre

sponseHeandafewothermembersofyourAssociation
havebeenintouchwithusatEPAtohelpusproduceregu
lationswhichareclearandgenerallyacceptableMayIre
mindyouallthatinputissolicitedsothatwecanproduce
thebestpossibleregulationstopermitthecontinueduseof
vitalpesticidechemicalswhilestillprotectingmanandthe
environmentfromadverseeffectsTheenactmentofthe
FIFRAamendmentstwoyearsagohasmadeitessential
thatweincreasecooperationinimplementingnewprograms
tomeettheneedsofourtimes

ThefirstpriorityoftheEnvironmentalProtection
Agencyistheprotectionandenhancementoftheenviron
mentTheemphasisonenvironmentalvaluesisofcritical
concerntothefutureofvitalirreparablenaturalresources
HoweverweatEPAappreciatetheimportanceofproper
useofpesticidesinthecontrolofpestsinpublichealthpro
gramsinagricultureandinotherareasWefullyrecognize
thatpesticidechemicalsarevitaltoourcontinuedstateof
abundanceandgoodhealth

Thenewpesticidelawhasplacedincreasedresponsibility
ontheEnvironmentalProtectionAgencyandoneachstate
Itprovidesadditionaltoolstodeveloppesticideregulatory
programswhichwillprotectandenhancethequalityofthe
environmentwhileatthesametimepermittingthecontin
uedabundanceoffoodandfiberandqualityofhealthso
longenjoyedCongressrecognizedtheneedforproperuse
ofavailabletalentandexpertiseinthefieldofpesticides
ThenewActreturnsmoredecisionmakingresponsibility
topeopleclosetotheproblems

Nowletsdiscusstheprogresswehavemadetowardthe
goalofimplementingtheFederalEnvironmentalPesticide
ControlActFEPCAamendmentsbyOctoberof1976
Section4concernsCertificationofApplicatorswhich
iscertainlyofconcerntoyouCertificationisexpected
toimprovethedegreeofprofessionalismandskillin
yourfineranksbutpreliminarytothisdiscussionof
AgencysintentwouldbeinorderThegoalofEPAisto
strivetoachieveanoverallincreaseinenvironmentalqual
ityItisimportantforallofustorecognizethatEPAwas
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createdbecauseofincreasingpublicandgovernmentalcon
cernaboutthedangerstothehealthandwelfareofour
nationcausedbyenvironmentaldeteriorationManhasal
waysbeenawareofthetransienceofthenaturalenviron

mentTroubadoursandpoetshavelonglamentedthepass
ingofbeautybutwhilethepoetsofoldlamentedthepass
ingofbeauty20thCenturymanlamentsthepassingofour
naturalresourcesduetohisowncarelessnessimproperplan
ningandwasteWilliamRuckelshausfirstAdministratorof
EPAsaidwhentheAgencywasformed

Moreandmorepeoplewithinoursocietywanttopartici
pateinthedevelopmentofanewenvironmentalethic a

wayoflifewhichwillallowustoretainandimprovethe
lifeenhancingfeaturesoftechnologywithoutrepeatingand
intensifyingthemistakesofthepastAcentralroleofthe
UnitedStatesEnvironmentalProtectionAgencyistosup
portthisnationaleffortandtohelpchangethosehabitsand
thoseobsoleteviewpointswhichledtoourcurrentcon
frontationwithgrosspollutionandthreatsofirreversible
environmentaldamage

KnowingtheseprioritiesoftheAgencyyoucanbetter
understandthegoalsoftheOfficeofPesticidePrograms
andourconcernwiththeeffectofthesesubstancesonthe
environmentHoweverwerecognizethevitalimportanceof
pesticidesinourdailylivesandtheconcernsoftheMos
quitoControlAssociationinmaintainingthetoolsnecessary
totheproperaccomplishmentofyourprofessionalservices
Weareforpestcontroltooandfullycognizantofthedis
asterswhichcouldoccurwerepesticidesabandonedWe
wouldbefoolishtoeliminateourpestcontrolarsenalbut
morethanfoolishifwedidnotrecognizethatthesepro
ductsofadvancedtechnologymustberegulatedtoassure
thehealthandwelfareofthenationatlargeTheknowledge
gainedinthelastdecadehastaughtusthatpesticideresi
duescanposeseriousproblemsthattheycanpersistinthe
environmentthatpesticidescantravelmilesevenhemis
pheresfromthesiteoforiginalapplicationthattheycan
bioaccumulateandmagnifyinthefoodchainandmay
effectseriousadversehealthconsequencesinnontargetani
malsincludingmanThepublichasdemandedthatgovern
mentprotectitsinterestsbyregulatingpotentiallyharmful
productsEPAthroughadministrationofFIFRAstrivesto
fulfillthisvitalmandate



Wecountonyouheavilyindevelopingregulatorypro
ceduresWehavecommongoalswhichwecanpursueto
gether wearebothinterestedineffectivepestcontrol
andwearebothinterestedinaccomplishingpestcontrol
withoutadverseeffectsonnontargetorganisms

Section4oftheregulationsgoverningCertificationof
ApplicatorswaspublishedintheFederalRegisteron
October91974andhasbeen fairlywellreceivedThe
AmendedFIFRAspecifiesthatstandardsforCertification
ofApplicatorsshallprovidethattobecertifiedanindivid
ualmustbedeterminedtobecompetentwithrespecttothe
useandhandlingofpesticidesortotheuseandhandlingof
thepesticideorclassofpesticidescoveredbysuchindivid
ualscertificationWebelievethattheregulationsarein
clusivereasonablefulfillCongressionalintentandreflect
genuineconcernforhumanhealththeenvironmentand
theimportanceoftheproperuseofpesticideproducts
Manyexpressedaninterestthattherebeagrandfather
clauseintheregulationssincemanycommercialapplica
torshavehadextensiveexperienceandarelicensedbya
numberofstatesOurviewofthisissueisthatcertification

underSection4constitutesafirsttimeentryintoregulation
ofpesticideuseonanationalbasisandthatthereisno
statutoryauthorityforanacrosstheboardgrandfather
clauseLicensingofapplicatorshasinsomelocalescon
sistedofnothingmorethanthepurchaseofabusinessli
censeEPAbelievesthatstateplansforapplicatorcertifica
tionshouldbeconsideredandevaluatedonacasebycase
basistodeterminewhetherastatespresentorpastlicensing
proceduresdoinfactmeetAgencystandardsIfEPAis
satisfiedthatastatesstandardsdoinfactmeetoursthat
statemayprovidethatapplicatorssolicensedorcertified
beinitiallycertifiedunderthenewprogramwithoutreex
amination

Manyexpressedconcernthatourproposedregulations
encouragedstatestoestablishstricterstandardsthanthose
imposedbyEPAWehavestipulatedthatstandardsmust
conformandbeatleastequaltothoseofEPAItisnot
theAgencysintentioneithertoencourageordiscourage
statesfromexceedingtheFederalstandardssincethismat
terisastateprerogative

TheCertificationstandardsclearlyidentifythebroad
areasofknowledgewithwhichanapplicatorshouldbe
familiarpriortocertificationIemphasizeherethatwedo
notintendtosuggestthatanextensiveamountofrote
memoryworkshouldberequiredforcertificationItisour
contentionthatthecertifiedapplicatorshouldhaveastore
houseofgeneralknowledgetoenablehimtounderstand
thenatureofproblemsthatmaybeencounteredandor
avoidedTheeightareasofknowledgespecifiedintheregu
lationsielabelcomprehensionsafetyenvironment
pestspesticidesequipmentapplicationtechniquesand
lawsandregulationsareimperativetotheproperapplica
tionofhazardousproductsAsoperatorsunderCategory7
industrialinstitutionalstructuralandhealthrelatedpest
controlyouwillbeparticularlyconcernedwithhavinga
practicalknowledgeofavarietyofpestsincludingtheirlife
cyclestypesofformulationappropriatefortheircontrol
andmethodsofapplicationthatavoidcontaminationof
fooddamageandcontaminationofhabitatandexposure
ofpeopleandpetsInshorttobecertifiedanapplicator
mustdemonstratecompetenceindealingwithpestprob
lemsinsituationsinwhichhewillmostlikelybeoperating
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Thisisonlyreasonableandwillrequirecompetenceanex
periencedapplicatorshouldhaveandthatwhichaninex
periencedapplicatormostassuredlyshoulddesiretoattain

EPAregulationsaside beforeusingrestrictedproducts
ProbablyyouareinterestedinthestatusofEPAregula

tionsfortheDevelopmentandSubmissionofStatePlans
forCertificationofPesticideApplicatorsThesewerepub
lishedonJanuary131975

TheserevisionsaredesignedtoensurethatStatePlans
forCertificationmeettherequirementsofSection4and
theyexplicityidentifyotherimportantelementsneededfor
astatetoimplementandmaintainaneffectivecertification
programWhilesomestatesdonotcurrentlyhavetheappro
priatelegislativeauthoritiesneededtoimplementproper
stateplansthoseinthiscategoryaremovingtowardcorrect
ingdeficienciesStateplansmustbeexplicitandmust
conformtothestandardsprescribedintheCertification
RegulationsWeanticipatethatstateswillsubmitsample
questionsorsampleexaminationswhichcanadequatelyre
flecttheadequacyofthestateprogram

Concerningreexaminationprovisionsitisimportant
thatcertifiedapplicatorscontinuetomeetthedemandsof
changingtechnologyPestcontrolisadynamicindustryand
islikelytobecomeevenmoresoAnumberofoptionsare
availabletoensurecontinuingcompetenceincludingre
quirementsforperiodicreexaminationstheadministering
ofspecialexaminationsassignificantnewdevelopments
emergeorasystemofattendanceatconferenceswork
shopsorscheduledtrainingsessionsThematterhascur
rentlybeenleftflexibleandstateswillonlybeaskedtoin
cludesuitableprovisionsintheirplans

TrainingisnotaddressedbySection4ratherbySection
23Buttrainingobviouslyiscrucialtothepropercertifica
tionofbothprivateandcommercialapplicatorsbyOctober
1976Trainingprogramsaremostimportantinassuringthat
applicatorsmeetcompetencystandardsTheDepartmentof
AgricultureandEPAhaverequestedapproximately10
millionforFiscalYear1975and12millionforFiscal

Year1976tobedevotedtotrainingandcertifyingapplica
torsUnfortunatelywehavenoassurancesofgettingthis
amountthoughwellcontinuetobeoptimisticWehave
developedaCoreManualforTrainingApplicatorswhich
shouldbeofmuchassistanceintrainingeffortsWeareem
phasizingtotheleadagenciesinthestatesthatallresources

theCooperativeExtensionServiceeducationalinstitu
tionsindustriesandassociationssuchasyours MUSTbe

identifiedandutilizedtothemaximum

Feesforcertificationisamatterentirelywithinthe
statespurviewWeanticipatethatsomestateswillelectto
chargeminimaladministrativecostfeesasisdonecurrently
inmanyplacesSupervisionwilldependonstatepolicyin
manyinstancesSection4Regulationsspecifythattheavail
abilityofthecertifiedapplicatormustbedirectlyrelatedto
thehazardofthesituationinwhichpesticidesareused
Therearemanytimeswhendirectsupervisionbyacerti
fiedapplicatorcanconsistofdetailedguidanceconcerning
theapplicationofapesticideandaprovisionthatthecerti
fiedapplicatorshallbeavailableifneededHoweverifthe
labelrequiresdirectapplicationbythecertifiedapplicator
orifastatedecidesthatcertainoperationsmustbecon
ductedpersonallybyacertifiedindividualthoserequire
mentswillapply



ManypersonsexpressedconcernaboutEPAspolicyto
wardtheuseinconsistentwiththelabelprovisionsof
Section12oftheAmendedActThisimportantSectionof
theAmendedActwasintendedtoprovidetheAgencywith
thevitallegalauthoritytoprosecutemisuseofpesticide
productsPesticidemisusewasfeltbytheCongresstobea
significantsourceofadverseenvironmentalandhealth
effectsfromthesechemicalsandanimportantconsidera
tioninthelegislativehistoryleadingtothe1972Amend
mentsPriortotheseAmendmentsEPAadministeredthe
Actunderthefrustratingcircumstanceofhavingthestatu
toryauthoritytoregisterpesticideproductsbutnothaving
authoritytoensurethatregistereddirectionsandprecau
tionscrucialtotheproperapplicationofhazardouspro
ductswerefollowedItisinthebestinterestsofthepublic
theapplicatorandtheenvironmentatlargethatallpesti
cideproductsberegisteredwithEPAfortheirintended
purposesandthatusersadheretotheregisteredlabelin
dealingwithpestproblems

Howevertherearesomesignificantproblemsconfront
ingcertainusergroupssuchasyoursifastrictinterpreta
tionoftheuseinconsistentwiththelabelprovisionisen
forcedThereareimportantissuessuchasusinglesspesti
cidethanthelabelcallsfororusingpesticidesagainst
insectswhicharenotmentionedonanyregisteredlabel
thesepointupadilemmawhichweareanxioustoresolve
JimAgeetheAssistantAdministratorforWaterandHaz
ardousMaterialsisconcernedthatwefullyexplorethese
problemswiththehopethattheycanbeexpeditiously
identifiedandresolvedTheentiremisuseproblemisunder
closescrutinyandyouhaveourassurancethatweunder
standyourconcernsandareconfidentthattheycanbemet
withreasonandgoodsense

OurinitialeffortinthisregarddatedNovember27
1974hadsomeshortcomingsandBillHazeltinewasquick
topointoutPublicHealthconsiderationsthathadbeen
neglectedManycommentsincludinghisarenowunder
review

Section3concernedwithRegistrationandClassification
ofpesticidesisofconcerntoyourgroupCommentsre
ceivedonproposedSection3guidelinesrecentlypublished
arecurrentlyunderreviewLetmediscusstheregistration
activitywithyougenerally

TheUSEnvironmentalProtectionAgencycurrently
hasregisteredsome34000pesticideproductsTheproducts
includethechemicaltypesasfollowsinsecticides44per
centherbicides20percentdisinfectants17percentfun
gicides15percentrodenticides3percent

Thenumberofusescoveredbytheseproductsisinex
cessof250000Therearemorethan1200chemically
activeingredientsinthe34000registeredproducts

RegistrationistheUSGovernmentsmethodforcon
troluseofpesticidestoensurethatthesechemicaIandbio
logicalagentsareassafeandeffectiveaspossibleemploying
presenttechnology

Althoughpesticidesaredeliberatelyputintotheenviron
mentforabeneficialpurposeitshouldbekeptinmind
thatmanyofthemmaybepollutants

EPAhasaprogramofmonitoringpesticidestodetermine
levelsandtrendsofresidueinsoilwaterairplantsand
otherorganismswhereresiduesmayaccumulateMost
pesticidesmanufacturedorimportedintotheUnitedStates
andcertainonesshippedtoothercountriesareregistered
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undertheFederalInsecticideFungicideandRodenticide
Act

Theregistrationprocessforpesticidesbeginswhenan
applicantsubmitsarequestforregistrationalongwithtest
datatoshowthatwhenusedasdirectedthepesticide

1Willnotinjuremananimalscropsordamagetheen
vironment

2Iseffectiveagainstthepestslistedonthelabel
3WillnotresultinillegalresiduesonfoodorfeedPesti

cidesusedonfoodandfeedcropsmusthavearesidue
toleranceestablishedpriortotheirregistration

AtoleranceintheUnitedStatesrepresentstheupper
levelofpesticideresiduewhichcanlawfullyremainonfood
orfeedwhenitenterscommerceTolerancesalsoapplyto
importedcommodities

WhenEPAregistersapesticideproductitassignsaregis
trationnumberwhichisrequiredonthelabelThelabel
alsobearssafetyprecautionsapplicationlimitationsand
directionsforuseThisinformationmustbeexplicitasto
pestscontrolledwhenandwherethepesticidemaybeused
howitistobemixedandappliedandwhatprecautions
shouldbetakeninhandlingInsomeinstancesthelabel
specifieshowmanydaysmustpassbeforeacropmaybe
harvestedafterthelasttreatmentorbeforereentrybywork
crews

Muchofthedatausedinthelabelingprocessisobtained
inconnectionwithanexperimentalusepermitThisenables
theregistranttoobtaindataontheeffectivenessofthe
pesticidesfromlimitedfieldtestingafterthechemicalhas
beenshowntohavepesticidalvalue

Newchemicalsandnewusesofoldchemicalsoftenare

requiredtogothroughthispermitprocessbeforebeingcon
sideredforregistrationPesticidesimportedfromother
countriesmustmeetalltherequirementsoftheUSpesti
cidelaw

Underthe1972amendmenttoFIFRApesticideswillbe
classifiedundertwomajorcategoriesgeneraluseandre
stricteduse

Arestrictedusemeansthatapesticidemustinmost
casesbeappliedbyorunderthedirectionofaqualified
applicatorthatisonewhohasbeentestedandcertified
underhisStatescertifiedapplicatorprogramPesticides
willbeclassifiedforrestricteduseiftheyarehighlytoxic
orpersistentintheenvironmentandcancauseunreasonable
adverseeffectsontheenvironmentortotheapplicatorin
theabsenceofadditionalcontrols

Allotherpesticideswillbeclassifiedforgeneraluse
Iknowyouwanttoknowwhatpesticideproductswill

beintherestrictedcategorybutthereisntmuchIcantell
youatthistimesincetheclassificationportionofSection3
oftheregulationshasnotbeencompletedHoweverin
lateNovemberoflastyearpreliminaryinformationwas
suppliedstateregulatorypeopletohelpthemestimatethe
numberofprivateapplicatorstheymighthaveintheirindi
vidualstatesasfollows

Thismemorandumistoindicatetheuseclassification

ofanumberofwidelyusedpesticidesAlthoughtheanaly
siswasbasedupononlyapartialconsiderationofallthe
factorsthatenterintotheclassificationdecisionitshould

proveusefultostateregulatoryofficialsindeterminingthe
magnitudeofstatecertificationprogramsrequiredtotrain
andcertifyapplicators



Initiallychosenforexaminationwerepesticides that

wereheavilyusedonmajorcropsaccordingtothe1971
USDAfarmsurveyThislistwaspareddownbyeliminating
pesticidesforwhichdatawerenotcurrentlyoreasily avail

able

ProposedSection3regulationrequiresthatthefollowing
factorsbeconsideredbeforeclassifyingapesticideformula
tionforgeneralorrestrictedagriculturaluse
1Iftheformulationhasbeenassignedatoxicitycategory

ratingofonehighesttoxicityitisacandidateforre
stricteduseOtherwiseitisacandidateforgeneraluse
classification

2Iftheformulationonthebasisofitsacutetoxicityand
useratespresentspredeterminedhazardstofishand
wildlifeitisacandidateforrestricteduseOtherwiseit
isacandidateforgeneraluse

3Eventhoughthepesticideisacandidateforrestricted
useifthelabelingpackagingusehistoryortypeof
formulationindicatethatexposurecanbeminimized
thenthepesticidewillbeclassifiedforgeneraluseCon
verselypesticidesthatarecandidatesforgeneralusemay
beclassifiedasrestrictedifthesesamefactorsindicate
asufficienthazardispresent

Onlysteps1and2werefollowedinthisanalysisThe
reviewforexposurestet3wasnotincludedandhencethe
resultsindicateonlyinitialestimatesofthefinalproduct
classification

Thefollowingresultswereobtained
Insecticides
Generaluse

Buxexceptforriceapplicationwhichwouldbeare
stricteduse
Carbaryl

Restricteduse

toxapheneanenvironmentalhazard
Methylparathionhumanandenvironmentalhazard
Parathionhumanandenvironmentalhazard
phoratehumanandenvironmentalhazard
Carbofuranhumanandenvironmentalhazard

Herbicides
Generaluse

Atrazine

244exceptforaquaticusewhichwouldbere
stricted

Propachlor
Alachlor

Fungicides
Generaluse

CopperSulfates
Maneb

Itmustbeemphasizedthatapesticideproductwillbe
classifiedonlyafteritissubjectedtoalabelingreview
Thereforetheseresultsshouldbeinterpretedonlyasgiving
apreliminaryindicationoffinalclassificationWithfewex
ceptionsformulationsofchemicalsthathavebeenshown
asgeneralusewillhavethatclassificationAnumberof
formulationsofchemicalsthatarenowclassifiedasre
strictedusemayultimatelybeclassifiedforgeneraluse

Anumberofgranularformulationsoftheseproductsmaybeclassi
fiedasgeneraluseonthebasisofindividuallabelingreviews

Registeredproductsmustbereregisteredeveryfiveyears
toensurethattheymeetcurrentstandardsForexample
scientificdatadevelopedsubsequenttoregistrationmaycall
intoquestionearlierevidenceofsafetyrequiringadditional
precautionsorrestrictionsonuseofaproductThe Admini

stratorofEPAisempoweredbythelawtodenyregistra
tioncancelorsuspendpreviousproductregistrationsto
protectthepublicinterest

MattersofprimeconsiderationinEPAareenvironmental
damageandrisksfromusingpesticidesaswellastheeco
nomicfactorsPesticidesmaybebannediftherisksand
costsoftheiruseoutweightheeconomicandsocialbenefits

Whilepesticidesarevaluabletoolsweareinterestedin
improvingmethodsofpestcontrolOneofthemoreprom
isingoftheseistheintegratedpestmanagementconcept
anapproachthatemploysacombinationoftechniquesto
controlthewidevarietyofpotentialpeststhatmaythreat
encropsItinvolvesmaximumrelianceonnaturalpestpop
ulationcontrolsalongwithacombinationoftechniques
thatmaycontributetosuppressionForexamplecultural
methodsandpestspecificdiseasessuchasbacillithatkill
cabbageloopersandtheimportedcabbagewormaswellas

caterpillarsSuchbacilliarepresentlybeingtestedfor
useagainsttheDouglasFirTussockMothSomeothertech
niquesofintegratedpestmanagementareresistantcrop
varietiessterileinsectsattractantsaugmentationofpara
sitesorpredatorsorchemicalpesticidesasneeded

Apestmanagementsystemisnotsimplybiologicalcon
trolortheuseofanysingletechniqueRatheritisaninte
gratedandcomprehensiveapproachtotheuseofvarious
controlmethodsthattakesintoaccounttheroleofallkinds
ofpestsintheirenvironmentpossibleinterrelationships
amongthepestsandotherfactors

ThesearchforimprovedmethodsgoesonasdoesEPAs
continuedvigilanceoverthepesticidesnowinuse

AsectionoftheActdirectlyrelatedtoSection3is
Section24Section24cisofspecialconcerntoallofyou
AStatemayprovideregistrationforpesticidesformulated
fordistributionandusewithinthatStatetomeetspecial
localneedsifthatStateiscertifiedbytheAdministratoras
capableofexercisingadequatecontrolstoassurethatsuch
registrationwillbeinaccordwiththepurposesofthisAct
andifregistrationforsuchusehasnotpreviouslybeende
nieddisapprovedorcancelledbytheAdministratorSuch
registrationshallbedeemedregistrationunderSection3for
allpurposesofthisActbutshallauthorizedistributionand
useonlywithinsuchStateandshallnotbeeffectivefor
morethan90daysifdisapprovedbytheAdministrator
withinthatperiod

InprovidingforFederalregistrationofallpesticidesthe
Congressrecognizedthattherearemanypesticideuses
particularlyonminorpestsandspecialtycropsforwhich
thereisnoFederalregistrationInmanyinstancesthissitu
ationreflectsthefactthatthepesticidemanufactureror
formulatorconsidersthecostofseekingandobtainingFed
eralregistrationofsuchusestobedisproportionateto
potentialprofitabilityNeverthelessfarmersandothersrely
onsuchminorusesassolutionstomanylocallyimportant
pestproblems

Thelegislativehistoryofthe1972amendmentsindicates
thatitwastheintentionoftheCongressthatSection24c
beemployedtohelpdealwiththeminoruseproblem
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SpecificallySenateReportNo92838datedJune71972
said

ThepurposeofthissubsectionistogiveaStatetheoppor
tunitytomeetexpeditiouslyandwithlesscostandadmini
strativeburdenontheregistranttheproblemofregistering
forlocaluseapesticideneededtotreatapestinfestation
whichisaprobleminsuchStatebutisnotsufficiently
widespreadtowarranttheexpenseanddifficultiesofFed
eralRegistration

Wearenowintheprocessofdevelopingproposedregu
lationsandguidelinestofacilitateStateregistrationwithout
compromisinganyimportantsafetyconsiderationsThey
aredesignedtopermitStatestoissueregistrationscovering
notjustminorusesintheusualsenseegforuseonpests
orcropsnotlistedonanEPAapprovedlabelbutalsospe
ciallocalneedsofotherkindsincludingforexampleneeds
forspecialdirectionsforuseofpesticidestoaccommodate
unusuallocalconditions

EPArecognizedthatmostStateswillnotbeabletoob
taincertificationunderSection24cpriortotheeffective
dateofEPAsregulationsforimplementationofSection3
TopreventneedlessdisruptionofStateregistrationpro
gramsparticularlyinrelationtominorusesweanticipate
thataninterimauthorizationprocedurewillbepermitted
ThisprocedurewouldenableeligibleStatestoregisterpesti
cidestomeetspeciallocalneedsforaperiodofnotmore
than90daysaftertheeffectivedateoftheSection3regu
lations

Suchinterimauthorizationwouldbeavailableonlyto
Statesthathavebeenissuingpesticideregistrationsbasedon
theirownindependentconsiderationofefficacyandenvi
ronmentalandhumanhealthhazardsOurproposedregula
tionswillweanticipateprovideinstructionadvisinghowa
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Statethathasbeenconductingsuchaprogramcanrequest
interimauthorizationWewillcontinuetosolicitState
opinionsasourproposalsaredeveloped

Section5dealswithexperimentalpermitsAnyonecan
applytoEPAforanexperimentalpermitIffoodandfeed
areinvolvedtolerancemustbedeterminedProvisionsalso

allowStatestoissueexperimentalpermitsunderprovisions
tobesetbyEPAThesewillgenerallybeforspeciallocal
needsSection5regulationsallarebeingfinalizedbythe
Agency

Thereareothersectionswhichmaybeofconcernbut
maybewecantouchontheminourquestionsession

Summingupourlookatpesticidestodayletskeep
severalthingsinmindFirstwearealwaysseekingto
achievethebestpossiblebalanceofpesticideuseThisis
thegoalnotonlyofEPAbutalsoofstateprogramsin
dustryanduserswhohavethebestinterestsofthenation
andtheenvironmentatheartItisalsothegoalofthe
AmendedFIFRAAtthesametimeourknowledgeof
pesticides andtheirimpactontheenvironment is

constantlychangingWiththisinmindtimeisimportantIt
isimportantinorderthatwecanbestserveyourinterestas
pesticideuserswhileprotectingtheenvironmentthatsus
tainsusall

Asapartingwordthankyouforinvitingmetopartici
pateinyourAnnualMeetingandletmeemphasizethatthe
linesofcommunicationarealwaysopenbetweenusAsI
saidearlierwesharemanycommongoals letusstriveto

increasethenaturalharmonieswhichexistbetweenusand
torefrainfromstereotypingourselvesasregulatorand
regulatee Yourideasandcooperationareappreciatedby
EPAItrustthatwewillcontinuetokeepourthoughtsand
discussionsmovingandthattogetherwewillmake
AmendedFIFRAasmoothandviablerealityManythanks



TherearecertainareasofconcernrelativetoEPAand
itsadministrationofthepesticidelawsTheEPAhasal
mostexclusivejudgmentonpesticideuselabelsregistra
tionTherearecivilandcriminalpenaltiesforanyusein
consistentwiththestrictwordingofthelabelTheregula
tionsallowareductionofupto40onthefineforaper
sonwhopleadsguiltyCivilpenaltiescanbesetupto
1000foraprivateapplicatorforeachviolation

Useinconsistentwiththelabelisoneoftherealkeysto
thefederallawTheEPAasyetfailstoacknowledgeor
allowareasonabledeviationfromthelabelHowevercon
gressionalintentseemstorequiresomeindividualjudgment
andimposesapersonofordinaryintelligenceguideline
onwhatconstitutesauseinconsistentwiththelabel

EPAhasmovedtoblockorpreemptstateregistrations
ofsomepesticidessuchasparathionThelabelregistration
byonesupplierforexamplewasturneddownformosqui
tocontrolat01lbperacreTheregistrantwastoldthat
EPAwouldacceptaregistrationofmethylparathionat04
lbperacreyetweknowthatthislowerratewouldnotpro
videeffectivecontroltheexpertsinEPAwerewillingto
permitalabelatthisratewLthoutregardtocurrentcontrol
usesandneedsInfairnesssubsequentcontactbyEPAsug
gestedthatthe01Ibperacreratewouldbeacceptedif
theregistrantwouldreapplyObviouslysomeofthepeople
whoaremakingdecisionsdonotreallyknowwhatishap
peninginthefieldWithalltherequirementsofefficacyin
formationtheauthoritieswererelyingonanolddocument
calledthecompendium whichstatedthat04lbper
acreofgranularmaterialcouldbeusedtocontrolmosqui
toesbutunfortunatelymosquitoesinthefieldcannotbe
killedatthisrate

Theconcerninthisrestrictiononusetiestotheprovision
ofthelawwhichpreventsStateregistrationforanyuse
whichhasbeencancelledorblockedEvenregistrations
whicharewithdrawnseemtobeincludedintherestriction

EPAhasdeniedtheuseofDDTfortreeholemosquito
controlalthoughthelawgivingtheAgencyauthorityfor
restrictedbeneficialuseauthorizationsisnowineffect

ButteCountyMosquitoAbatementDistrictespeciallyhas
beenharmedbythisactionbyEPA

SomeoftheFederalAgencyedictsignorefactorssuchas
riskbenefitbalanceSometimesitseemsthatjudgmentsare
basedmoreonpoliticalthanonscientificinformationThe
matterofessentialityisofspecialconcernThissaysthata
registrationwillnotbegrantedifthereareotherregistered
chemicalsormethodswhichwillworkthenewuseisnot
essentialThisissupposedtopreventtheuseofalleged
hazardousmaterialsbutthisprovisionwasnotauthorized
inthelawitwasevenflaggedoutaswhatshouldnotbe
doneThebasicissueisthatasmanypesticidesaspossible
shouldbekeptavailableforuseIfregistrationsaredisal
lowedifmanufacturersareharrassedtothepointthatthey
willnotbothertryingtoretainregisteredusesthenthecon
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trolagencieshavenothing ortoputitanotherwaywe
mayhavetogobacktothegoodolddays

Applicatorcertificationisnotthesameissueformosqui
tocontrolworkersasitisforagriculturalworkersThe
knowledgeofthelifehistoryofaninsectisnotimportant
toprotectthehealthofaworkerandsuchexcessrequire
mentsmaybechallengedasunnecessaryforthesafeappli
cationpfapesticideRequirementofpestlifehistoryknow
ledgeunderotherlawsseemsreasonablebutitis1141re
quiredundertheFederalLawanditsworkersafetypro
visions

ThemajormovetoFederalizetopreempttheauthority
ofStatesisobviousandunfortunateInCaliforniatheco
operativeagreementbetweentheDepartmentofHealthand
thelocalmosquitocontrolagencieshasbeenanoutstanding
documentpreparedandimplementedbytheDepartment
ofHealthforandwiththelocalagenciesIthadtheconcur
renceoftheDepartmentofFoodandAgricultureItpro
tectedthehealthofpeopleItacceptedadifferentrisk
benefitbalancebecausetherisksweredifferentfromthose
ofagricultureandthebenefitsweredifferenttooUnfor
tunatelyafteranumberofyearsofhighlysuccessfuluseof
thisprogramitappearsprobablethattheFederalprogram
willnowmoveinandpreemptthiscooperativeprogramBy
restrictingandrequiringusepreciselyaccordingtothe
labelsmosquitocontrolagencieswouldnolongerbeable
toadaptbroadlyusedchemicalstotheirspecificmore
specializedneeds

ItappearsthatEPAwantsastrongexclusivecontrolof
theregistrationofpesticidesandthisdoesnotseemright
Anyregistrationwhichhasbeencancelledsuspendedor
deniedbytheFederalpeopleisunavailableforStateregis
trationIfapplicationisnotmadetoEPAtoholdtheState
registrationitwillbecancelledaccordingtoarecentan
nouncementandthereforeitwillbeblockedforStateregis
trationThistechnicalitycouldstopmanymosquitocontrol
programsanditspotentialshouldberecognizedandchal
lenged

Itseemsnecessaryforallofusseparatelyandcollective
lytotakethismattertotherightpeopleandtodemand
resultsbysayingWehaveproblemsandweexpectyouto
workwithustogettheseproblemssolved Isuggestwe
needtousepoliticalpressuretosellthehealthprotection
aspectsofpesticidesandtheplacetodothisiainthe
mediaaswellasthelegislaturebothStateandFederal

Positivesuggestionswhichshouldbegivenconsideration
byofficialsinEPAaretheseItisnotfairtocomplainwith
outofferingconstructivealternatives

1Recognizethatpesticideshavehealthbenefitsaswellas
healthrisks

2Allowcompetentlocalindividualstousepesticidesbene
ficiallyThisisespeciallyimportantrelativetousesin
consistentwiththelabel



3MoveawayfromtheconceptthatEPAknowsbest
Obtaininputfromothersandthenuseit

4Recognizethattherearereasonablelimitsforrisks
Nothingiswithoutriskandthepresentnotolerable
riskstanceisunreasonable

5Obtainadvicefrompeoplewhoknowwhattheprob
lemsareandwhoknowhowtomakeprogramsworkIt
takesnoexperttodestroyaprogramtheexpertisone
whocanmakeitwork

6MoveawayfromsocalledScientificAdvisorswhohave
atrackrecordofprovenunreliabilityThesepeopleoften
claimtobeenvironmentalists

7Bereasonableaboutalternativemeansofcontroldonot

discardtheoldevenifthereplacementisprovenbetter

8Recognizetheneedforbroadspectrumchemicalswhich
canbeeconomicallymadeandcanbeusedselectively
Narrowspectrumchemicalsthatwillcontrolonlyoneor
alimitednumberofspeciesareusuallyeconomiclosers
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9Effectivechemicalsmustbeavailableaswellasregis
teredtobackupbiologicalprogramsIntegratedcontrol
whichmosquitocontrolagencieshavebeenpracticingis
basedonaharmonioususeofnaturalandchemicalcon

trolsApestoutbreakmeansthatnaturalcontrolshave
failedtocontrol

10Recognizethatriskbenefitbalancesmustbeallowedat
eachlevelofdecisionmakingIfthemaninthefieldisa
trueprofessionalhewillbeabletodeterminethebest
waytosolvetheproblemandwhennecessarythebest
pesticidetouseLabelsdonotkillpests

11Applythepresentlawasitwasintendedandgetaway
fromAgencyfascinationwitholdlegalopinionsandpro
gramswhichCongressconsideredanddidnotapprove

12Startmakingdecisionsonthescientificmeritsinplace
ofbeingoverlyconcernedwiththepoliticalmileageof
thedecision

13Restrictionstoprotectpeopleshealthshouldnotbe
usedtopreventprotectionofpeopleshealth



CALIFORNIAOCCUPATIONALSAFETYCALOSHA
ANDITSIMPACTONMOSQUITOCONTROLPROGRAMS

GeorgeASherman

StateofCalifornia DivisionofIndustrialSafety

1540MarketStreetSanFranciscoCalifornia94112

ThefederalOccupationalSafetyandHealthActOSHA
wassignedintolawfouryearsagoThisActpreemptedall
50statesoutofwhateverbusinesstheywereconductingin
thefieldofoccupationalsafetyandhealthAtthattime
aboutoneinsixstatesincludingCaliforniahadafairlygood
programofitsown

ThefederallawisaverytoughlawCaliforniafollowed
withaverytoughlawtoocalledtheOccupationalSafety
andHealthActof1973TheCalifornialawmatchesorin
someinstancesexceedsthefederallawTheselawshave
changedthephilosophyofgovernmentalsurveillancein
areasofoccupationalsafetyandhealthThecomplexityof
thetotalprogramissuchthatthepotentialimpacthasnot
yetbeenanalyzedorevaluatedSinceitsActwaspassed
Californiahasmovedaheadtryingtodevelopanacceptable
stateplan

ThisCaliforniaActisacomplianceadministration
typeoflawalawwithteethinitTheabsenceofsucha
lawcreatedacriticismofourDivisionofIndustrialSafety
formanyyearsThelawwastherebutitwasbasedona
friendlypersistentpersuasiveapproachTherewasabig
sticktouseifdesiredNowtheDivisiondoesnotworry
abouthavingthebigstickItsjobistolookevaluateto
determineverystrictlywhetherornotwhatitseeshears
smellsortastesinthewayofexposuretohazardbyan
employeemeetsasystemofthemostcomplicatedlegalim
perativepossibleTheseatesafetyrulesregulationsandor
dersTheyareproducedbyusingsomebasisasaback
groundthengettingcommitteestogethertoseeiftheycan
makesenseoutofthemandputthemintolanguagewhich
canbeunderstoodthensuppliedto150complianceand
safetyengineerslocatedin22districtsand4areaofficesin
6regionssupervisedby9administrativeexecutivesNoone
inCaliforniaislocatedveryfarfromoneoftheoffices
fromwhichaninvestigationwillbeforthcominginthe
eventofanaccidentwhichiscoveredbytheseregulations
Mosquitoabatementdistrictseventhoughtheyarepublic
entitiesforwhichthenormalkindofinspectioncannotpro
duceacitationneverthelessaresubjecttocriminalaction
whichaplaintiffmaywishtobringagainstthem

8

TheDivisionhasathousandemployeesallpublicserv
antsallworkinginanextremelycomplicatedfieldinvolved
withexposuresofmanykindsmachinestoolsequipment
processeshazardoussubstancesallofwhicharecoveredby
avarietyofrulesandlawsTheDivisionisworkingunder
anewlawwhichtellsitwhatitmustdoItisworkingwith
arevisedsetofsafetyruleswhichmustbeaseffectiveas
thoseofthefederalgovernmentThejobasanenforcement
agencywillbedoneaccordingtothelegaldemandsupon
theDivisions

Publicagenciesarefortunatecomparedwiththeprivate
sectorThereisanewcomplaintlawinCaliforniawhich
providesthatanytimeacomplaintisreceivedfromanyper
sonoremployeetheDivisionmustrespondtothatcom
plaintwithin72hoursWhenitrespondsregardlessofthe
specificsofthecomplaintthecompliancemanmustmake
awalltowallinspectionItisunlikelythatamosquito
abatementdistrictwillbevisitedbyacompliancemanfrom
theDivisionofIndustrialSafetyunlessitcomesasaresult
ofacomplaintorunlessitcomesasaresultofasenous
accidentThusthepublicagencywhilefortunatecompared
withtheprivateagencyneverthelesswillexperiencetheim
pactinawayneverbeforecontemplated

Managersineachdistrictshouldcontactthenearest
officeoftheDivisionandrequest4or5simplepublications
thendoalittlehomework

ThereisadigestoftheCaliforniaOccupationalSafety
andHealthAct
Thereisasafetypublicationthatgoesintodetailon
guardingmachinesontoolworketc
ThereisapublicationwhichexplainstheDivisionsen
tireoperations

IntheDivisionare18consultantsavailabletorespondto
requestsfrompublicandprivateagenciesTheseconsultants
haveexpertiseandforthemostparttheyareright

Mosquitoabatementdistrictsshouldbecomeintimately
involvedinsafetyprogramsandshouldconsidertheirvul
nerabilityintheeventofacomplaintorbadaccidentThey
willbeaugmentedbythestimulusandguidanceoftheir
compensationinsurancecarriertheCaliforniaState Com

pensationInsuranceFund



Everyoneagreesthatasafeworkingplaceisinorder
Thereisanissuehoweverrelativetotheriskbenefitbal
anceRecentstatementsindicatethatfiscallyahumanlife
isworthabout400000

MostoftheregulationsoftheDivisionofIndustrial
SafetyandofCalOSHAaregoodandshouldbefollowed
ButnothingwedoiswithoutsomeriskSomeoftheregu
lationsshouldbequestionedOnechallengeforexampleis
thatyoucannotdoinyourworkingareawhatyouand
otherscandoathomeForexampleintheworkingarea
youcannothavelyeorpesticideswherethereisfoodYou
cannotkeepfoodandpesticidesinthesameroomyetwe
keepsanitizersbleachandlyeunderthekitchensinkat
home

TherearequestionsrelativetolegislativeandStatede
partmentactionsAremosquitoabatementdistrictsclassed
asagriculturalorotherwiseWhospecificallyintheState
HealthDepartmentrepresentsthatDepartmentinadvising
theDepartmentofFoodandAgricultureTheStatute
specifiesonlythatoneDepartmentshalladvisetheother
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Untilajudgerefereesintheconflictthematterofcloth
ingwashingfacilitiesandsoforthwillnotberesolvedIre
ferheretopendinglitigation

TheButteCountyMADinjust6monthshasexpended
itstotalannualbudgetforlaundryandprofessionalservices
ApplicationhasbeenmadetotheStateforreimbursement
undertherevenueandtaxationcodewhichstatesthatman
datedlocalcostsshouldbepaidforbytheagencywhich
mandatesthemButtheDepartmentofHealthandtheDe
partmentofFoodandAgriculturehavesaidWecannotpay
thebill OurDistricthasnotgivenupitwouldliketore
coverthesecostsbecausetheyareexcessivetoaverysuc
cessfulprogramwhichwasinitiatedin1966aprogram
whichhasworkedwellunderlessstringentandexpensive
regulationsCertainlytheguidelinesuggestionthatworkers
usingmoretoxicphosphateinsecticidesbebledoncea
weekforcholinesterasetestseemsexcessiveespeciallywhen
actualexposureisminimalornonexistentEventherequire
mentofbleedingfortestofanyworkerwhogetssickwith
in24hoursofhandlingtoxicorganophosphatesseemsex
cessivebuttherecouldalsobeabenefitthiscouldwell
reduceinfringementonsickleavebenefitiftheemployee
knewhewasgoingtohavetoprovideabloodsampleas
partoftheprice



HEALTHANDSAFETYREGULATIONSANDTHEIRIMPACTON

MOSQUITOCONTROLPROGRAMS

WilliamABetts

CaliforniaDepartmentofFoodandAgriculture
AgriculturalChemicalsandFeed1220NStreetSacramentoCalifornia95814

TheStateDepartmentofFoodandAgricultureiswriting
aplantocertifyprivatecommercialapplicatorsinCaliforn
iaItisreasonablycertainthatEPAwillacceptthisplanin
asmuchastheDepartmentalreadyhasprogramsthatare
equaltoorexceedEPAstandardsTheDepartmentiswork
ingcloselywiththeVectorControlSectionoftheCaliforn
iaDepartmentofHealthtoprovidethebestinputintothe
certificationprogramformosquitocontrolworkers

EPAhaslistedmanyrestrictedmaterialsforwhichmos
quitocontroloperatorsshouldbecertifiediftheywishto
usethemHoweverCaliforniaalsohasalistofmanyre
strictedmaterialsandinsomewaysthismaybemorere
strictivethanEPAslistThusEPApermits24Dtobe
listedasageneralusematerialexceptforaquaticusesbut
inCaliforniathisherbicidecausesmanyproblemsdueto
driftandhighphytotoxicitythereforeCaliforniawillcon
tinuetomakeall24Dusesrestricted

Pesticidetrainingsessionshavebeenheldinallareasof
CaliforniawiththecooperationoftheUniversityofCali
forniastaffOver300personsmainlycountyfarmad
visorsandagriculturalcommissionershavebeenprovided
detailedcourseworksotheycouldgivetrainingcoursesto
allinterestedinpesticideworkersafetySeveralslidesets
havebeenpreparedbytheDepartmenttheUniversityof
CaliforniaandEPAtoshowanemployerwhathisrespon
sibilitiesareandanemployeewhatkindoftraininghe
shouldget

Thelegislatureintroducedmanybillsonpesticidesinre
centyearsculminatinginAB246whichestablishesthere
sponsibilitiesofanumberofagenciesrelativetopesticide
workersafetyThisbillrequiredtheDepartmentofFood
andAgriculturetoadoptpesticideworkersafetyregula
tionsThebillalsorequiredthattheseregulationsmustbe
basedonrecommendationsoftheCaliforniaDepartmentof
HealthAcooperativestudybytheDepartmentofFoodand
AgricultureandtheDepartmentofHealthidentifiedin
19731474pesticiderelatedillnessesThetwomosthazard
ousoccupationswerethemixerloaderandthegroundap
plicatorwhilethemosthazardousactivitywasremoving
thepesticidefromitsoriginalcontainerMostoftheregula
tionswhichhavebeendevelopedareaimedatthesetwo
groupsofworkersandthisactivityThetwomosthazard
ouspesticideshavebeenparathionandphosdrin

Pesticideregulationswerefirstadoptedasanemergency
measureinJanuary1974Afewmonthslaterafteraddi
tionalhearingstheregulationsweremadepermanentThey
havebeenineffectforoverayearTheseregulationsapply
toallpesticideusersexceptthoseinstructuralpestcontrol
thehomeuseofpesticidesandseveralveryspecializeduses

TherearefourcategoriesofpesticidesCategory1mate
rialscarrythesignalwordsPoisonandDanger plusa
skullandcrossbonessymbolThesearehighlytoxicCate
gory2materialscarrythesignalwordWarning theseare

moderatelytoxicTheregulationsaredirectedprimarily
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towardsthesetwocategoriessincetheyhavecausedalmost
alltheproblemsCategory3materialscarrythesignalword
Caution theseareoflowtoxicityCategory4materials
whicharerelativelynontoxiccarrynosignalwordKeep
outofthereachofchildrenisonalllabels

Aclosedmixingsystemisrequiredincertainsituations
Thisprovidesasysteminwhichthepesticideisremoved
fromitsoriginalcontainerandtransferredintoaclosed
mixingtankwithoutexposureofanypersontothepesti
cideManymosquitoabatementdistrictsalreadyhavethis
fortheirairplaneloading

Aclosedloadingsystemprovidesameansoftransfer
ringapesticidefromamixingtankintoanapplicatorve
hiclebyaclosedsystemofhosespipesandcouplings

Aminimumagehasbeenestablishedforpersonsusing
category1and2pesticidesThoseunder18arenotper
mittedtomixorloadthesematerialsunlessclosedmixing
andloadingsystemsareusedTherearenoagerestrictions
ontheapplicationofpesticides

Employersarerequiredtoverifythattheiremployees
areadequatelytrainedThetrainingrecordofeachemployee
shouldbeonfileineachagencytheDepartmentcansup
plyasuggestedformThisformisalsosignedbyeachem
ployeeIfaninspectionismadeofthefacilitiesonething
theInspectorwillwanttoseeistheemployeetraining
recordThetrainingshouldcoversafetyproceduresrelative
tothepesticidesinusesafetyclothingcommonsymptoms
ofpesticidepoisoningdangersofeatingdrinkingandsmok
ingwhilehandlingpesticidesemergencymedicalcare
medicalsupervisionapplicablelawsandregulations

Theemployermustmakepriorarrangementsforemer
gencymedicalcarethismaybetheemergencyroomatthe
localhospitalbutanyapprovedmedicalfacilitymaybe
satisfactoryThereisarequirementthattherebeaposted
signattheworksiteindicatingwheretogoforemergency
medicalcarepersonnelshouldknowwheretogowithout
askingtheirsupervisorAsigncouldbetapedtothedashor
thedoorofthevehiclewhichtheemployeeuses

Theonlyoccasionwhenanemployerwillhavetomain
tainmedicalsupervisioniswhenanemployeeworkswitha
category1or2organophosphateorcarbamatepesticide
morethan30hoursina30dayperiodThisinvolvesob
tainingtheservicesofaphysiciantoprovidethesupervision
TheCaliforniaDepartmentofHealthhasdevelopedguide
linestohelpphysicianscarryoutthemedicalsupervision
programTheseguidelinesshouldbereviewedbytheem
ployersandtheemployeessoallwillknowtheirresponsi
bilitiesOnerecommendationisthattherebeapreemploy
mentexaminationtohelpdetermineifapersonisreally
suitabletoworkwithpesticidesTherearesomeailments
whichwouldcreateaspecialrisktoanemployeewhoworks
withorganophosphateorcarbamatepesticidesTheguide
linesstatethatcholinesterasetestingshouldbedoneatthe
samelaboratorybythesamemethodTestsshouldinclude



bothplasmaandredcellcholinesterasedeterminationsA
preexposurebaselineshouldbedeterminedatleast30days
beforeexposuretoorganophosphatesThebaselineisan
averageoftwotestsatleast72hoursapartbutnotmore
thantwoweeksapartIftheresultsofthesetwotestsdiffer
bymorethan15 athirdtestshouldberunandtheaver

agecalculatedfromtheclosesttwo
HowarethetestsusedIftheredbloodcellcholinester

asedrops40fromthebaselinetheemployeeshouldbe
removedfromexposuretothepesticideThesameaction
shouldbetakeniftheplasmacholinesterasedrops50from
thebaselineIfeitherplasmaorredcellcholinesterase
drops30 theagencyshouldtakeacloselookatthework
practicesoftheemployeeIfanemployeehasbeentaken
offpesticideusebecauseofloweredcholinesterasehecan
bereturnedtoworkwhenhegetsbacktohisbaseline
rangewhichisinterpretedtobewithin20ofhispre
exposurebaselineThephysicianshoulddeterminethefre
quencyofbloodtestingaccordingtotheamountofexpos
surethetypeofequipmentthesafetypracticesandthe
pasthistoryofthefirmoroftheparticularemployee

RegulationscontrolproceduresforworkingaloneThese
applyonlytopersonswhoworkwithcategory1pesticides
Theseemployeesinthedaytimemusthavesometypeof
supervisioneverytwohoursandinthenighttimeevery
hourSupervisionmeansphonecontactradiocontactor
anyotheracceptablecontactwiththeagencyofficeor
supervisor

Apilotwhoisusingcategory1or2organophosphateor
carbamatepesticidescannotloadhisownaircraftormixhis
ownpesticidesunlesshehasclosedmixingandloading
systemsIfheusesanopensystemahelpermustdothe
mixingandloading

Therequirementforachangeroomhascausedmuch
concernThisdoesnotnecessarilyhavetobearoomjusta
changeareaTheregulationsrequirethiswhenthepesticide
usagecallsformedicalsupervision thatiswhenanem

ployeeusescategory1or2pesticidesformorethan30
hoursina30dayperiodAfancyplaceisnotrequiredit
canbeasinkwhereapersoncanwashattheendoftheday
andputoncleanpersonalclothesinwhichtogohome
Theremustbewatersoapandtowelsavailable

ProtectiveclothingisamajorpartoftheregulationsThis
canbeexpensivehoweverthereareavailableforpurchase
disposablecoverallswhichdonotcostverymuchTheycan
bekeptinaplasticsackinthevehiclewheretheywillstay
cleanuntilandifneededLabelsonthecontainersnotethe

precautionswhichshouldbetakenandwhatprotective
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clothingorequipmentshouldbewornforcertainusesOne
mayneedawaterproofhatafaceshieldanapronrubber
bootsandrubberglovesCoverallsshouldbewornonthe
outsideofbootsSomeapplicatorswithsomepesticides
probablywillnothavetowearanythingspecialexcept
cleancoverallseachdayandrubbergloves

TheDepartmenthasdevelopedaPesticideSafetyInfor
mationSeriesnumbered1through10Theseareavailable
onrequestThefirstcoversinterpretationofthelabelThe
otherscovermorespecifictopicssuchasparathionand
phosdrinhandlingparaquatmethylbromidecholinesterase
testingandsoforth

Regulationsalsocoverthemaintenanceofequipment
Therehavebeenmanycasesofpersonsworkingonplanes
orgroundequipmentwhobecameillbecausetheydidnot
realizethatthepesticideswerehazardousSinceJanuary1
1975flexiblehosesunderpressuremustbeshieldedorre
placedwithsomethingrigidtoassurethatnothingwillbreak
orslipThisisaproblemespeciallywithaircraftbecauseif
somethingshouldbreakthepilotcannotjumpout

InJuly1975therewillbearequirementthatavalvebe
locatedattheendofahosewhichcarriesapesticidefroma
mixtanktoanapplicatorvehicleThisistopreventmaterial
remaininginthehosefromrunningoutontheground oron

thepantlegoftheloaderAfterJanuary1976therealso
mustbeleakproofcapsorhatchesonapplicatorvehiclesto
preventsplashesifthevehiclehitsabump

InJanuary1977therewillbeineffectarequirement
toprovidesomeexternalmeanstodeterminetheinternal
capacityofapesticidetanksuchasasightguageAlsoon
thatdatetherewillbearequirementthatallloadingof
liquidcategory1pesticidesandcertaincategory2pesticides
beviaaclosedsystem

Pesticideillnessesin1974weresubstantiallyreduced
overpreviousyearsespeciallyintheloadingandmixing
areasIllnessesin1974were1150comparedwith1474in
1973Thereweresevenincidentsinmosquitoabatement
districtworkersTherewerecasesofahosecomingloose
andtheapplicatorgettingsprayedcasesinwhichoilsprays
blewbackintotheapplicatorsfacebecauseofwindacase
inwhichapilothadtoomuchexposuretoorganophatein
secticideetc

AgriculturalCommissionersarethepersonswhoaremost
likelytoinspectmosquitoabatementdistrictsandtoexam
inetherecordsandequipmentTheDepartmentofFood
andAgriculturewillhelptocoordinatetheworkofthese
AgriculturalCommissioners
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MosquitocontroltodayisinastateofcrisisThisisthe
bluntassessmentofanexpertpanelrecentlyconvenedby

theNationalAcademyofSciencesinWashingtonDCto
discussthisproblemThepanelpointedoutthatmosquito
bornediseasessuchasmalariafilariasisyellowfeverand
denguearestillrampantinmanypartsoftheworldThe
crisisinmosquitocontrolisrelatedtoanoverdependence
onsyntheticchemicalpesticidesduringthepast30years
andensuingresistancetomanyinsecticidesinseveralareas
Thepanelcitedtheexampleofencephalitistransmitting
mosquitoesinCaliforniaprincipallyCulexiarsalishaving
becomeresistanttovirtuallyalllarvicidesinsomeareas
TheirrigatedpasturemosquitoAedesnigromaculisa
majorpestintheCentralValleyofCaliforniaalsoisresis
tanttopesticidesinmanyareasElsewhereinthesePro
ceedingsorganophosphateresistanceintheCulexpipiens
complexinCaliforniaisdocumented

DuringtheperiodsincetheendofthesecondWorldWar
thepeopleofCaliforniahavebeenfortunateinexperiencing

1
MosquitoControlSomePerspectivesforDevelopingCoun

triesAreportofanAdHocPaneloftheAdvisoryCommittee
onTechnologicalInnovationBoardofScienceandTechnologyfor
InternationalDevelopmentOfficeoftheForeignSecretaryNation
alAcademyofSciencesPublicationWashingtonDCMarch1973
63pp

PANEL

MODERATOR

13

ahighlevelofmosquitocontrolandrelativefreedomfrom
epidemicsofmosquitobornediseaseThedevelopmentof
insecticideresistanceandincreasinglystringentrestrictions
ontheuseofsomepesticideshowevermakescontinuing
controlmoredifficultConsequentlyincreasingdemands
arebeingplacedontheUniversitytodevelopnewcontrol
technologiesandimproveexistingonesTheUniversityis
respondingtothisdemandbyintensifyingresearchefforts
inavarietyofareaswhichmayleadtothediscoveryand
developmentofadditionalmethodsofcontrolHighlights
oftheseresearchendeavorsandimportantaccomplishments
byUniversityofCaliforniascientistsaresummarizedinthe
followingpapers

Manyoftheactivitiesandresultsdescribedbythepanel
havebeensupportedbyaspecialappropriationfromthe
StateLegislatureCurrentlythistotals300000peryear
ThesefundsformosquitoresearcharesharedbytheUC
SchoolsofPublicHealthatBerkeleyandLosAngelesUC
AgriculturalExperimentStationandUCCooperativeEx
tensionAdditionalsupportcomesfromlocalMosquito
AbatementDistrictsindustryandstateandfederalsources

AUniversitywideAdvisoryCommitteeonMosquitoRe
searchcoordinatestheexpandingresearchandeducational
programsonmosquitocontrolItsmembersareJamesB
KendrickJrVicePresidentAgriculturalSciencesand
DirectoroftheAgriculturalExperimentStationChairman



CarlJMitchellExtensionSpecialist MosquitoesSecre
taryARalphBarrProfessorofMedicalEntomology
SchoolofPublicHealthUCLARichardWEmmonsPub
licHealthMedicalOfficerCaliforniaStateDepartmentof
HealthWilliamEHazeltineManagerandEntomologist
ButteCountyMosquitoAbatementDistrictandChairman
CaliforniaMosquitoControlAssociationResearchCommit
teeEdmondCLoomisExtensionParasitologistPowersS
MessengerProfessorandChairmanDepartmentofEnto
mologicalSciencesUCBerkeleyandChairmanEntomo
logyResearchCoordinatingCommitteeLloydEMyers
AssociateDeputyAdministratorWesternRegionAgricul
turalResearchServiceUSDARichardFPetersChief
VectorControlSectionCaliforniaStateDepartmentof
HealthWilliamCReevesProfessorofEpidemiology
SchoolofPublicHealthUCBerkeleyandWilliamM
RogoffResearchLeaderWesternRegionAgriculturalRe
searchServiceUSDA

TheUniversitywideAdvisoryCommitteereceivesinput
directlyfromtheCaliforniaMosquitoControlAssociation

ResearchCommitteeandtheEntomologyResearchCoordi
natingCommitteefromwithintheAgriculturalExperi
mentStationChairmenofthelattercommitteesserveas

exofficiomembersontheUniversitywideAdvisoryCom
mittee

LocalmosquitocontrolagenciesinCaliforniacontinue
tosupportandcollaboratewithUCinvestigatorsinaddition
toconductingtheirownresearchonappliedcontrolTheir
assistanceandcooperationhavecontributedtotheresults
reportedinthefollowingpapersandaresincerelyappreci
atedCollaborationfromtheVectorControlSectionCali
forniaStateDepartmentofHealthhasbeensubstantialand
isgratefullyacknowledgedInvestigationalandeducational
programsonmosquitocontrolinCaliforniaalsoarebeing
conductedbytheUSDepartmentofAgricultureandthe
StateDepartmentofFoodandAgricultureWearegrateful
toeachoftheseagenciesfortheirsupportandassistance
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TheArbovirusResearchProgramintheSchoolofPublic
HealthattheUniversityofCaliforniaBerkeleycontinues
tohaveasitsprimaryobjectivetheacquisitionofasuffi
cientdepthofknowledgeofthefactorsthatareessential
formaintenanceofarbovirustransmissioncyclestoallow
thedevelopmentofeffectivediseasecontrolprogramsAre
searchendeavorwithsuchabroadobjectivecanonlybe
successfulifitslimitedresourcesatanyonetimeareapplied
tomorespecificandimmediatelyattainablegoalsThere
mustbeaconstantreevaluationofspecificresearchaims
andalterationofprioritiesifresearchresultsorchangesin
problemsthatconfrontmosquitocontrolagenciesdictate
suchchanges

Duringthe1960samajoremphasisonourresearchpro
gramwastoelucidatemechanismsthatallowedthelong
termmaintenanceofoverwinteringofarbovirusesinatem
perateclimateThegradualdisappearanceofencephalitis
virusesespeciallywesternequineencephalomyelitisWEE
overanextensivepartoftheCentralValleyofCalifornia
duringthe10yearperiodmadefurtherfieldobservations
difficultandrelativelynonproductiveThisdevelopment
atleastinpartdictatedachangeinourresearchdirection
ConcurrenttotheaboveeventCulextarsalisdeveloped
widespreadresistancetoorganophosphorusOPinsecti
cidesinmanyareasGeorghiouetal1969Womeldorfet
al1972ThusweaskedthequestionIsitacoincidence
thatWEEvirusdisappearedfromtheCentralValleyata
timewhenCtarsaliswasbecomingmoredifficulttocon
trolStudiesduringthelast4yearsrevealedthatcolonized
andfieldcollectedCtarsalisvariedsignificantlyintheir
abilitytobecomeinfectedwithandtotransmitWEEvirus
Sincechangesinvectorcompetencecouldaccountforthe
observedchangesintheprevalenceofWEEviruswere
visedourresearchprogramtostudyvectorcompetenceand
itspotentialapplicationtothegeneticcontrolofCtarsalis
andencephalitis

Currentlyourspecificaimsinorderofpriorityare
1toidentifygeneticandnongeneticvariablesthataffect
theefficiencyofarbovirustransmissioncycles2toevalu
atethefeasibilityofgeneticandotherbiologicapproaches
forcontrolofarbovirusvectorsinthefield3todetermine
howarbovirusesoverwinterinatemperateclimate4to
characterizenewarbovirusesisolatedinCaliforniaincluding
theirabilitytocausediseaseand5todevelopstatistical
modelstodescribethedynamicinteractionsbetweenarbo
virusesvectorsandhostsduringepidemicsEachofthese
specificaimswillbediscussedbriefly

Thisresearch wassupportedinpartbyResearchGrantAl
03028fromtheNationalInstituteofAllergyandInfectiousDis
easesContractNoN0001475C0157fromtheChiefOfficeof
NavalResearchandContractNoDAMD1774C4128fromthe
CommanderUSArmyMedicalResearchandDevelopmentCom
mand
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GENETICANDNONGENETICVARIABLESTHAT
AFFECTTHEEFFICIENCYOFARBOVIRUSTRANS
MISSIONCYCLESThebasiccomponentsofanarbo
virustransmissioncyclearedepictedinFigure1Relatively
littleattentionhasbeengiveninarbovirusprogramstothe
potentialrelationshipbetweengeneticorphysiological
changesinthevertebratehostsandthechangesinthe
ecologyofarbovirusesForexampleavianandmammalian
hostsaswellasvectorshavebeenexposedtoeverincreas
ingamountsofinsecticidesandherbicidesduringthepast
30yearswhichmighthavealteredtheirabilitytoserveas
competenthostsofencephalitisvirusesAlternativelyde
creasesinarbovirusprevalencecouldberelatedtogenetic
changesinthevirusessuchastemperaturesensitiveorhost
rangemutantsWeareconductingseveralexperimentsin
theseareasbuttimewillnotpermitustopresentthem

Figure1Basicecologiccomponentsofanarbovirus
transmissioncycle

Ourprimaryemphasisistoelucidatefactorsthataffect
theabilityofmosquitoestotransmitarbovirusesievector
competenceandtodeterminewhichfactorsareunder
geneticcontrolandmayhaveapplicationforthecontrol
ofencephalitisthroughthegeneticmanipulationofvector
populationsOurcurrentconceptsoffactorsthatcould
affectvectorcompetenceareshowninFigure2Someof
thesefactorscontroltheexposureofthevectortoinfected
vertebratesandcouldbeundergeneticcontrolForex
ampleithasbeenobservedthatthehostpreferenceofC
tarsalisshiftsduringthesummerfromfeedingalmostexclu
sivelyonbirdstofeedingonbothbirdsandmammalspri
marilyungulatesandjackrabbitsandthisshiftisnotcor
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Figure2Factorsaffectingvectorcompetenceofmosquitoestoarboviruses

relatedwithhostavailabilityTempelisetal1965Ifthe
hostpreferenceofCtarsalisisundergeneticcontrolsimilar
tothatofAnophelesgambiaeinAfricaGillies1964then
ungulatefeederswouldbepoorvectorssincethesemammals
aredeadendhostsofencephalitisvirusesastheyarefor
humanmalaria

Autogenyisprobablyaninheritedtraitandhighauto
genyratesinapopulationofCtarsaliswoulddampenan
arbovirustransmissioncyclesincefemaleswouldnothave
totakeabloodmealbeforeovipositionDiapausepotential
lyisalsoundergeneticcontrolandthegenefornondia
pausewouldbelethalforCtarsalispopulationsintheCen
tralValleyandotherareaswithcoldwinterssincethevector
mustundergodiapausetosurvivethewinterperiodWeare
alsostudyingthevectorcompetenceoffemaleCtarsalis
derivedfromtemperaturesensitiveandtemperaturetolerant
larvaeorOPtreatedandOPnontreatedlarvaetodetermine

theirpotentialvalueingeneticstudies
FieldstudiesonthevectorcompetenceofCtarsalis

withWEEvirussuggeststhatsusceptibilityisgeneticallyin
heritedTodatewehavebeenabletoselectwithin8gener
ationsseveralvariantsthatarecompletelyorhighlyresistant
toinfectionwithWEEvirusafterfeedingonviremicchicks
Wewillinitiatestudiessoontodeterminethemodeofin

heritanceifanyResistanceofCtarsalisandseveralother
CulexspeciestoWEEvirusappearstobeassociatedwitha
gutbarriersinceallCulexmosquitoesthusfartestedhave
equalsusceptibilitywhenvirusisintroducedbyintratho

NIDGUT

TRANSMISSION
OFVIRUS

1Viralstrain

2Temperature
3Microbialsymbionts
4Vectorsurvival
5Durationof

gonotropiccycle
6Genetic
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SUSCEPTIBILITYAND
MULTIPLICATIONOF
VIRUS

1Viralconcentration
2Viralstrain

QBarriersGenetic
physical
physiological

4Temperature
5Microbial

symbionts

racicinoculationWearecurrentlystudyingthephysical
andorbiochemicalbasisofthegutbarrierutilizingthe
Culextarsalis Culexpeus WEEvirusmodel

VariabilityincapacitytotransmitWEEvirusalsohas
beenobservedwithcolonizedandfieldcollectedCtarsalis

ForexamplewehaveacolonyofCtarsalisinwhichonly
about50oftheinfectedfemalescantransmitWEEvirus

bybiteafter14daysextrinsicincubationandineachcase
whereithasbeenexaminednontransmittingfemalescon
tainedabout100to1000foldlessvirusthantransmitting
femalesThusitispossiblethattheabilitiestobecomein
fectedwithandtotransmitvirusareunderseparategenetic
controlCurrentlyweareattemptingtoselectavirussus
ceptiblebutnontransmittingvariantofCtarsalistodeter
minewherethevirusismultiplyingwithinthemosquitoand
iftheabilitytotransmitvirusisgeneticallycontrolled

IndigenousvirusesofCtarsalisRichardsonetal1974
andrickettsiallikesymbiotesinCpipiensYenandBarr
1971couldinfluencetheirvectorcompetencewitharbo
virusesatthesusceptibilitymultiplicationandortransmis
sionlevelsIftheseindigenousmicroorganismsdoaffect
vectorcompetencethentheymightbeusedasabiologic
controlmechanismforencephalitisprovidedthattheycan
beintroducedintoandmaintainedinvectorpopulations
Weareactivelyengagedinresearchintheseareas

FEASIBILITYOFGENETICANDBIOLOGICAP

PROACHESTOTHECONTROLSOFARBOVIRUSVEC

TORSOurinabilitytoeffectivelycontrolCtarsaliswith
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Figure3Potentialapplicationofgeneticstoencephali
tiscontrolprogramsinCalifornia

licensedchemicalinsecticidesinsomeareasaswellasthe
objectionsthatareraisedtothecontaminationofourenvi
ronmentwiththesechemicalshasnecessitatedasearchfor
alternatemechanismsforcontrolofthisimportantvectorof
diseaseAnalternativeapproachtomosquitocontrolthat
hasbeenwidelyadvocatedinrecentyearsisthegenetic
controlofvectorpopulationsWhittenandFoster1975
Onegeneticmethodthatweareevaluatingischromosomal
translocationandinsertionofthisstrainwithitsdesirable
genesintofieldpopulationscoulddecreasevectorcompe
tenceforarbovirusesincreasesusceptibilitytoorganophos
phorusinsecticidesincreaseautogenyetcWhenthis
tailormademosquitoisintroducedintoandperpetuated
infieldpopulationsofCtarsalisthechromosomaltranslo
cationtheoreticallywouldresultina60percentorgreater
reductioninthevectorpopulationthroughthemechanism
ofgeneticincompatibilityandthesurvivingmosquitoes
wouldbeincompetentvectorsofthearbovirusinquestion

Obviouslythesuccessofthisapproachtomosquitocon
trolrequiresnumerouspreliminarystudiesthatwehaveor
willinitiateThegeneticsofCtarsalisisunderintensive
studyandwehavedevelopedastrainofCtarsaliswitha
chromosomaltranslocationwhichSisterMonicaAsmanre
portedatlastyearsmeetingofthisassociationAsman
1974Shewillsooninitiatestudiestodeterminetowhat
degreetheinducedtranslocatedchromosomescanbesuc
cessfullyincorporatedintothegenomesofotherpopula
tionsofCtarsalisConcurrentlywearelookingforsites
withgeographicallyisolatedpopulationsofCtarsaliswhere
thebionomicsandcompetenceofthevectorwillbethor
oughlystudiedbeforeintroductionofthetranslocated
strainFortheintroductionofthetranslocatedmosquito
strainintothefieldpopulationweproposetoproduce
largenumbersofeggraftsinthelaboratoryandrearthe
mosquitoesinoutdoorpondsStudiesinitiatedduringthe
pastsummerbegantodevelopthemethodologyforthis
procedureAsmanyas1000000eggswereproducedin1
weekina4cuftcageandover10000adultswerehatched
froma24sqftplasticlinedpondin1generationWewould
hopetohaveourfirstfieldtrailofthismethodofmosquito
controlwithinthenext5years
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Figure4Cooperativeagenciesandpersonsinthearbo
virusresearchprogrampartiallisting

MECHANISMSFOROVERWINTERINGOFARBO
VIRUSESstillhaveavestedinterestinelucidationof
mechanismswhichallowarbovirusestooverwinterinatem

perateclimateDuringthepast10yearswehavebeenable
toidentifytheprimaryvectorandvertebratehostofmany
ofthearbovirusesthatoccurinCaliforniaHoweverwere
centlyfoundthat2separatebutrelatedtransmissioncycles
existforWEEvirusintheSacramentoValleyoneinvolves
jackrabbitsAedesmelanimonandCtarsalistheotherin
volvesCtarsalisandwildbirdsHardyandBruen1974
Atthispointwedonotknowhowgreysquirrelsbecame
involvedinthecycleorwhichcycleisinitiatedfirstWe
proposetocontinuethesestudiestoevaluatetherelative
importanceofalternativeprimaryvectorsandvertebrate
hostsofWEEvirus

Webelievethatarbovirusesaroseoriginallyeitheras
virusesofinvertebratesthatacquiredtheabilitytoinfect
vertebratehostsorasvirusesofvertebratesthathaveac

quiredtheabilitytoinfectinvertebratesItisalsocon
ceivablethatthesevirusesproduceachronicinfectionin
theirnaturalhostsThusweareusingacombinedfieldand
laboratoryapproachwithselectedarbovirusestodetermine
iftheypersistaschronicinfectionsineithertheirprimary
mosquitovectorortheirprimaryvertebratehostExamples
ofmodelsbeingstudiedincludetheTurlockvirusHouse
FinchCulextarsalismodelandtheAedesspegAedes
melanimonandAedessierrensisJamestownCanyonvirus
modelWehavesearchedforbuthavenoevidencethatany
mosquitobornearbovirusistransmittedtransovariallyin
Californiathoughsuchtransmissionhasbeenreportedfor
virusesintheCaliforniagroupinotherareasWattsetal
1974

Wearealsointerestedindeterminingthevectorandhost
rangesoflowandhightemperatureviralmutantsasapossi
blemeansoflongtermpersistenceofarbovirusesinnature
Forexamplewewouldexpectvirusesthataretransmitted
transovariallyinmosquitoestobelowtemperaturemutants
WearealsoevaluatingthepossibilitythatStLouisencepha
litisSLEvirusisahightemperaturemutantofRioBravo
virusfrombats

CHARACTERIZATIONOFNEWCANDIDATEARBO
VIRUSESANDRELATIONSHIPTODISEASESAsan
arbovirologistmovesintonewfieldstudyareastestsdiffer
entspeciesofvectorsandhostsorchangesisolationsystems
inthelaboratoryhefrequentlyisolatesnewvirusessome



ofwhichturnouttobearbovirusesWecurrentlyhaveat
least3newcandidatearbovirusesthathavebeenisolated
fromCtarsaliscollectedintheSacramentoValleyStudies
areinprogresstodeterminetheirexperimentalvectorand
vertebratehostrangestheirnaturalhistorythroughretro
spectiveserologicsurveysutilizinglargebanksofserum
fromwildbirdswildmammalsdomesticmammalssen
tinelchickensetcandtheirpotentialimportanceasagents
ofundiagnoseddiseaseinhumansandhorses

DEVELOPMENTOFSTATISTICALMODELSAlldata
derivedfromourarbovirusfieldstudiesmosquitolighttrap
recordsfromalmostallmosquitoabatementdistrictsinthe
stateandconfirmedcasesofencephalitisinmanandhorse
havenowbeenputintoourcomputerdatabankThisinfor
mationthatnowcoversupto20yearsofrecordsinsome
areasisavailabletograduatestudentsandotherswhoare
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interestedindevelopingstatisticalmodelsofarboviruses
AsanexamplethesehavemodeledthedynamicsofC
tarsalispopulationsandannualbasiccyclesforWEEvirus
Moon1973Anotherstudentiscompletingastudyofthe
correlationbetweentheMADlighttraprecordsforCtar
salisandtheoccurrenceofclinicalcasesofWEEandSLE
Preliminarysummariesindicateaclosecorrelationandex
tendourconfidenceinthefindingswepresentedseveral
yearsago

ThisuseofrecordsfromourresearchtheStateDepart
mentofHealthandyourtraprecordsindicateclearlythe
collaborativenatureofourresearchandhowweshareinter
eststhatcanrapidlycarryresearchfindingsintopractice
Figure4indicatestheextentofagenciesinthiscollabora
tiveeffort
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DIVISIONOFENTOMOLOGYANDPARASITO
LOGYDrRHDaddisconductingbasicresearchon
mosquitophysiologyHisresearchobjectivesaretodevelop
detailedinformationonmosquitolarvaeandadultswith
respecttoafeedinganditsregulationbdigestionand
cnutritionalrequirementsThemajorareasofhisresearch
areasfollows

ADeterminationshavebeenmadeontheratesoflarval

ingestionofsolidsduringfilterfeedingThisdependson
aThemechanicalpropertiesoffoodparticlestheir

sizeshapeandconcentrationinwater
bThepresenceofsolublegustatorystimulantspower

fulstimulationoffilteringisproducedbycrudeorganic
materialsexperimentsusingdefinedchemicalsshowthat
nucleicacidswillcausethiseffect

BLiquidingestionbylarvaeDrDaddhasfoundthat
bulkliquidingestionordrinkingoccursifwaterisrendered
slightlyviscousbylowconcentrationsofsuitablecolloids

CLarvaldigestionAcurrentstudyisunderwayonthe
digestivefunctionsofmosquitolarvaeThetypesofen
zymespresentandtheirphysiologicalrequirementsegpH
arebeingdetermined

DNutritionWiththeknowledgeoflarvalfeedingmech
anismsdescribedaboveitbecamepossibletorearCulex
pipiensspindefinedmediaandhencetodeterminespecif
icnutrientrequirementsDetailedinformationonthere
quirementsforsterolsnucleotidesandaminoacidshas
beendoneonCpipiensbutpartialsuccesshasalsobeen
accomplishedinrearingCulextarsalisindefinedmedia

EDietFortificationTheabilityoflarvaetodevelopon
variousmaterialsusedincrudedietsisbeingcomparedAs
specificrequirementsbecomeknownasmentionedabove
thepossibilityofaddingsupplementstomakepoormateri
alsadequateisbeinginvestigatedForexampleyeast
powderisapoordietalonesinceitssterolergosterol
cannotbeutilizedbyCpipiensstudiesinwhichyeast
powderisfortifiedwithcholesterolasterolspecifically
requiredbyCpipiensareunderway

DIVISIONOFBIOLOGICALCONTROLDrRichard

Garciaisconductingmosquitoresearchinthreeareas
AResearchonAedessierrensisThisimportantnuisance

specieshasrecentlybeenimplicatedasavectorofheart
wormofdogsEmphasishasbeenplacedonobtainingac
curatedataonthebiologyofthisspeciesinanticipationof
developingalifetabletohelpimplementanintegratedcon
trolprogramInMarinCountyitwasfoundthatthefungus
Beauveriatenellacausesmortalityagainstimmaturestages
ofAsierrensisbutthisfunguswasnoteffectiveinfield
trialsagainstCtarsalisandAnophelesfreeborniResearch
todeterminethenecessaryconditionsfortheeffectiveutili
zationofthefungusiscontinuingThefungushasthe
potentialofbeingmassproducedatalowcost
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AtrappingsystemusingCOandahostrabbitwas
developedforcapturingadultAsierrensisandhasproved
usefulformonitoringadultpopulationsMarkandrecap
turestudieswithAsierrensiswereconductedtoestablish
patternsofmovementMostofthesestudieswereconduct
edatBlodgettExperimentalForestThetrapandrelease
studieswereaimedatdetermininghowlongreleasedA
sierrensisremainednearresidentialareasandhowfarthey
willmoveFurtherstudiesareaimedatestablishingmove
mentpatternsfromemergencysitesandlongevityofadults
Itisanticipatedthatthesestudieswillprovideabetterbasis
foradultcontrolprograms

BResearchonNotonectidsSystemsforharvestingand
temporarystorageofnotonectideggsweredevelopedthe
biologiesoffivenotonectidspeciesinnorthernCalifornia
havebeenworkedoutingeneralwithrespecttobreeding
activityanddevelopmentResearchisbeingconductedin
theareaofflightbehaviormicrohabitatselectionandthe
relationshipstootheraquaticpredators

CResearchonaWaterStriderStudiesindicatethatthe
waterstriderGerrisremigismightbeusedinconjunction
withnotonectidsformosquitocontrolItoccursabundant
lyincertaintemporarywatersandcansignificantlyreduce
mosquitoesemergingfromtemporarypondsMoreresearch
emphasiswillbeplacedonGremigisanditsroleinmos
quitosuppression

DrCliffordJohnsonisconductingresearchonthemos
quitofishGambusiaaffinisSeveralyearsagoDrJames
HoyoftheUSDALaboratoryinFresnobeganconducting
cooperativeevaluationsonthepotentialofGaffinisfor
controllingricefieldmosquitoesThechiefproblemheen
counteredwasinobtainingenoughmosquitofishforthe
fieldexperimentsAftertheterminationofDrHoyswork
theUCAgriculturalExperimentStationplacedhighprior
ityonhiringsomeonetodevelopmeansofmassrearingG
affinisDrCliffordJohnsonwashiredtoconductthisre
searchAnabandonedwatertreatmentplantChenery
facilitynearConcordCaliforniawasleasedtoprovidea
physicalsiteforthisresearch

DrJohnsonsresearchonGaffiniscanbeconsideredin
threephases
PHASEI MassrearingMassrearingofslightlyless

than100000Gaffiniswasaccomplishedlastsummer
Idealreproductiveconditionswereestablishedintheoutside
basinsatCheneryReproductiveexperimentswerecon
ductedtodetermineoptimumconditionsResearchtoin
creaseproductionwillbecarriedoutnextyear

PHASEIIOverwinterholdingoffishExperimentsare
beingconductedtodeterminefactorsinvolvedinmassmor
talityandhowtheycanbealleviatedMinimalconditions
forsurvivalarebeingdeterminedSuchresearchisbeing
conductedinbothlaboratorytanksandinoutsidetanks
andearthenpondsatCheneryModestoandColusa



PHASEIII EffectivenessofGaffinisasacontrol

agentinricefieldsExperimentsarebeingconductedthe
firstlastsummeroneffectivenessofdifferentnumbersof
Gaffinisasacontrolagentinricefields80and25acre
fieldswithintheModestoareaTheseareisolatedricefields
andshouldprovideexcellentdata

Costanalysesarebeingkeptforallexperimentalpro
ceduresofrearingandholdingSofartherearingprogramin
thesummerappearsveryeconomicalandtheholdingpro
gramlookspromising
UCMOSQUITOCONTROLRESEARCHLABORA

TORYThisgroupisafieldunitoftheDivisionofEnto
mologyandParasitologyatBerkeleyThelaboratoryis
composedofeightpersonsandishousedinspaceleased
fromtheCaliforniaDepartmentofHealthinFresnoDrC
HSchaeferandDrTMiuraaretheprincipalinvestigators

TheprimaryobjectivesoftheFresnoLaboratoryareto1
comprehensivelyevaluatemosquitocontrolagents2to
workwithcooperatorstoobtainthenecessarydatarequired
byEPAforregistrationand3todevelopbiologicaldata
ontargetandnontargetspeciesthatwillallowforintegrated
controlprogramsFornewpromisingcontrolagentssim
ultaneousdataarecollectedastoeffectsontargetandnon
targetorganismsanddeterminationsaremadeonthesta
bilityofthecontrolagentinthehabitatswhereitwouldbe
usedformosquitocontrolDuringthepastseveralyears
thelaboratoryhasconductedextensivestudiesonAltosid

thisinvestimentnowappearsjustifiedastheEPAhasre
centlyregisteredAltosidformosquitocontroluseThe
laboratoryisnowintheprocessofconductingextensive
evaluationsonTH6040anotherchemicalagentthatisnow
underconsiderationforcommercialdevelopment
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OtherdevelopmentsattheFresnoLaboratoryduring
1974areasfollows

1IncooperationwiththeKernMADacomplexof32ex
perimentalpondswasconstructedinKernCounty
Anundergroundobservatoryhasbeenconstructedandis
beinginstalledinoneofthenewpondstoallowdirect
observationsonbehavioralactivitiesoftargetandnon
targetspeciesunderfieldconditions

3Ahighperformanceliquidchromatographhasbeenpur
chasedandinconjunctionwithotheranalyticalequip
mentwillallowforquantitativeanalysesofnewchemi
calcontrolagents

4Studiesontheoverwinteringphysiologyofadultmos
quitoescontinuedwithstudiesontheprecursorswhich
Afreeborniadultsutilizefortheproductionofover
winteringenergystores

5StudiesontheamountsoftypesoflipidsinAedesnigro
maculislarvaepupaeandeggsarecurrentlyinprogress

6Afiveyearstudyonthepotentialuseofsoilamend
mentsforimprovingwaterpenetrationonimpervious
alkalinepasturesisnowinthefinalphase



MOSQUITORESEARCHPROGRAMWITHINTHE

AGRICULTURALEXPERIMENTSTATIONATTHE

UNIVERSITYOFCALIFORNIADAVIS

RKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

Inrecentyearsmanychangeshavetakenplaceonthe
DaviscampusoftheUniversityofCaliforniaForex
ampletheexpansionoftheHealthSciencesComplexhas
includedtheestablishmentofanewSchoolofMedicine

andageneralexpansionoftheSchoolofVeterinaryMedi
cinePermanentfacilitiesfortheSchoolofLawhavelong
sincebeencompletedonthebanksofPutahCreekThe
constructionofBriggsHallhasalsobeencompletedandpre
sentlyhousesamongotherstheDepartmentofEntomol
ogyThesealongwithotherphysicalchangesappearminis
culehoweverincomparisontochangesinstudentenroll
mentwhichhasincreasedfrom64441963to12594
1969to162481974

Despitethemanyphysicalchangessoclearlyevidenton
theDaviscampustheresearchbeingundertakenherestill
retainsastrongAggieCollegeorientationinthattheAg
riculturalExperimentStationsactivitiesconstituteavery
substantialpartoftheDaviscampusresearchprogramThis
programrevolvesaroundtheCollegeofAgriculturaland
EnvironmentalScienceswhichpresentlyencompasses23
majorDepartmentsFormosquitocontrolresearchempha
siscentersaroundtheDepartmentsofEntomologyAgri
culturalEngineeringandmostrecentlyAgriculturalEco
nomicswithliberaldrawingofresourcesfromothermajor
departmentsieEnvironmentalToxicologyWaterScience
andEngineeringAgronomyetcAlthoughtheresultsof
themosquitoresearchprogramhavenationalandinsome
instancesinternationalimpacttheobjectivesofmost
studiesarefocusedonmosquitoproblemsmostprevalent
innorthernCaliforniaBothurbanandruralproblemsema
natingfromtheuseofwaterforrecreationagricultureand
industrypurposeshavebeensubjectsofintensiveresearch
Inmanyinstancestheactivitiesdiscussedbelowhavebeen
incollaborationwiththeUniversityofCaliforniaSchoolof
PublicHealthStateDepartmentofHealthStateDepart
mentofAgricultureUSDepartmentofAgricultureUS
PublicHealthServiceandwithnumerousindividualmos

quitoabatementdistrictsForthepurposeofsummarizing
theDavisactivitytouchingonmosquitocontrolprojects
willbesummarizedinalphabeticalorderoftheprincipal
investigators

EVALUATINGMACHINESTECHNIQUESANDME
TEOROLOGICALFACTORSINRELATIONTOMOS

QUITOCONTROLThisisaprojectprimarilyaimedat
examiningallofthefactorsconcernedwithapplicationof
chemicallarvicidesandadulticidesforthecontrolofmos
quitoesWorkbyprojectleadersNBAkessonandWE
YatesinAgriculturalEngineeringhasbeencontinuoussince
1959undergrantfundsfrommosquitoabatementdistricts
andtheUSDepartmentofAgricultureaswellasfrom
fundsmadeavailablethroughtheAgriculturalExperiment
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StationCurrentactivitiesrevolvearoundthefollowing7
points1Designandconstructionofalownoiselevel
coldaerosolmachinemountedonanInternationalScout
vehicle2Redesigningandimprovementofanaircraft
highpressure200400psispraysystem3Atmospheric
studiesfordevelopmentofaturbulencesensorsystemto
aidlocalmosquitoabatementdistrictsindeterminingverti
caltemperaturelapseratesorsensingofanoverheadwarm
inversionlayer4Initiationofmathematicanalyses
modelingofthedownwinddistributionofaerosolsre

leasedbygroundandaircraftapplications5Continuation
ofdropsizestudieswithadditionaldataonvarious2fluid
systemsandrotatingspinnersasusedforproducingcold
fogsoraerosols6Reviewoftechniquesemployedby
localmosquitoabatementdistrictsonclosedsystemsand
safehandlingofchemicalinsecticides7Determination
ofadverseeffectsofmosquitocontrolchemicalsbymoni
toringinsecticidalapplicationsandcorrelatingtheresults
toclinicalresponseofindividualsexposedtoanyofthe
materials

MOSQUITOSYSTEMATICSTUDIESThisisalong
termstudyonCaliforniamosquitoesbyRMBohartin
collaborationwithRKWashinoTheworkshouldculmi
nateinabookwhichwillcoverthetaxonomydistribution
biologyandpublichealthimportanceofthe48speciesof
mosquitoespresentlyrecordedfromCalifornia

MOSQUITOPHYSIOLOGYSTUDIESPhysiologystud
iesbyCLJudsonhavecenteredaround3specificareas
ofmosquitoresearchTheeffectoftopicalapplicationof
variousanaloguesofJuvenileHormoneonreproductionof
femaleaedinesispresentlyunderstudyInparticularthe
basicmechanismonthebreakdownofoogenesisintheJH
treatedadultfemalesisbeinginvestigatedThisstudyaug
mentsthemoreappliedaspectsoftheworkonJHanalogues
beingconductedinfieldstudiesbyotherinvestigatorsat
DavisFresnoandRiverside

Asecondareaofstudyinmosquitophysiologyrelatesto
chemicalcompositionofthebloodmealandsubsequentegg
productionThenumbersofeggsproducedperunitofin
gestedbloodvarieswiththetypeofbloodingestedbythe
adultfemalemosquitoByfeedingdifferentcombinations
ofvariousbloodfractionsaneffortisbeingmadetoiden
tifythefractionsresponsibleforthedifferenceChemical
analysesarebeingmadeoftheaminoacidandlipidcom
positionsofthesefractions

Anotherareaofstudyinvolvesthetestingofvarious
chemicalsforpossibleovicideactionagainstaedineeggs
Thisrepresentsareactivationofaprogrambegunseveral
yearsagoandisanefforttodeterminesomeofthecharac
teristicsrequiredbyamosquitoovicideCompoundschosen
forcertaincharacteristicsaretestedforovicidalactionas

fumigants



Table1SummaryofmosquitoresearchprojectswithintheAgriculturalExperimentStationactivitiesattheUniversityof
CaliforniaDavis

Investigators Department

AkessonNBand
WEYates AgriculturalEngineering

BohartRM Entomology

JudsonCL Entomology

McClellandGAH Entomology

MooreCVandMSSarhan AgriculturalEconomics

WashinoRKCaseTJand
MLBirch Entomology

Supportedbyextramuralfunds

ECOLOGYANDGENETICSOFSOMEAEDINEMOS

QUITOESOneofGAHMcClellandsmajorprojects
hasbeenastudytounderstandtheecologicalandgenetic
relationshipbetweenpopulationsofAedesaegyptiinhabit
inghousesandthosebreedingindependentlyofmanand
theinteractionsbetweenAaegyptiandothermosquito
specieswithwhichitsharesitsbreedinghabitatTheresults
maygreatlyassistinelucidatingvariousaspectsoftheepi
demiologyofyellowfeveranddengue

AmarkreleaserecapturestudyofAedesnigromaculisin
Californiairrigatedpastureshasprovidedmuchdataon
survivalpopulationsizeanddispersalthatarepresently
beinganalyzedShortdistancedispersallessthan500m
wasfoundtobegenerallydownwind

Feasibilitystudiesformonitoringlivestocklossesdueto
pasturemosquitoesrevealedmorethepotentialdifficulties
thanprovidinganypreliminarydataSeparationofthe
effectofhornflyfromthatofmosquitoeswasaprimary
problem

ANECONOMICANALYSISOFMOSQUITOABATE
MENTSTRATEGYANIINVESTMENTPOLICYFOR
NARROWSPECTRUMPESTICIDESINCALIFDRNIA

TheobjectivesofEconomistsCJMooreandMSSarhan
are1todevelopamethodologyandcriteriaforevalua
tionofminoruseofinsecticidesand2todeterminethe
divergencebetweenasociallydesirablelevelofinvest
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Project

Fieldstudiestoevaluatemachinestechniquesand
meteorologicalfactorsinrelationtomosquitocontrol

SystematicsofmosquitoesinCalifornia

Physiologicalmechanismscontrollingovipositional
behaviorofmosquitoes

Chemicalmanipulationofaedinemosquitoegg
hatching

Quantitativefieldestimationofadultpopulation
parametersofAedesnigromaculis

Competitionamongmosquitoesinthehuman
environment

Energyandcostanalysisofthecattlemosquito
irrigatedpasturesystem

Aneconomicanalysisofmosquitoabatement
strategyandinvestmentpolicyfornarrowspectrum
pesticidesinCalifornia

Appliedfieldresearchonmosquitocontrolagents
innorthernCalifornia

Theecologyandexperimentalhostrangeof
LagenidiumgiganteuminCalifornia

Identificationofhostbloodmealsinarthropods

mentandtheobservedlevelofprivateinvestmentinnarrow
spectrummosquitocidesresearchanddevelopment

Amathematicaleconomicmodelhasbeendevelopedde
finingthedemandandsupplyvariablestobeestimated
Theinvestigatorsarenowintheprocessofrefiningthis
modelandgatheringdatafromalimitednumberoflocal
mosquitoabatementdistrictsandtheCaliforniaStateDe
partmentofHealth

ECOLOGYANDCONTROLOFMOSQUITOESIn

developingintegratedstrategiesformanagementofmos
quitopopulationstheactivitiesofinvestigatorRK
Washinocenteredaroundthefollowing1Entomologic
andsociologicstudiesontheextentofdiscomfortinflicted
bypestmosquitoes2Comparisonof3standardmethods
formeasuringadultmosquitopopulationsincludingparity
profileofthefemale3Optimumconditionformass
rearingCtarsaliswerestudiedutilizingpondsbfvarious
designs4Astudyoftheecologyandexperimentalhost
rangeoftheaquaticfungusLagenidiumgiganteumaprom
isingbiologicalcontrolagentforpossibleuseinCalifornia
ricefields

WithcoinvestigatorTJCaseintensivefieldstudies
werecontinuedinCaliforniaricefieldsLarvalpopulation
onCulextarsalisutilizingmarkreleaserecapturetechniques
revealedpatternsofsurvivorshipandinsightastocausesof
naturalmortalityThesametechniqueswereappliedin



additionalstudieswhichdealtwiththeinteractionofmos
quitolarvaetonaturalandintroducedpredatorsbothin
vertebrateandvertebrateandtoinsecticideapplications
Amultivariatefactoranalysiswasalsoruntocharacterize
aquaticorganismsinricefieldsmostinfluentialinboth
totalfaunalcompositionandmosquitolarvalabundance
ThreeformulationsofinsectgrowthregulatorsIGRwere
testedagainstCtarsalisandAnophelesfreeborniThead
verseeffectsofIGRonnontargetorganismswerealsoin
vestigated

AdditionalstudiesonIGRincluded1theirefficacyin
aslowreleaseformulationinurbancatchbasinsand2to
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prematurelyterminatediapauseinoverwinteringadultmos
quitoes

Anaccurateknowledgeofthehostrangeofmosquitoes
isessentialinstudiesofmosquitobornediseasesIdentifica
tionofmosquitobloodmealsrequiresatestwhichissensi
tiveenoughtodetectpartiallydigestedbloodandspecific
enoughtoidentifythevarioushostsWithcoinvestigator
MLBirchamethodisbeingdevelopedwhichinvolves
crystallizationofcertainbloodcomponentsintheblood
mealsamplesfromthemosquitomidgutandcomparing
thecrystalstructurewiththatofknownmaterial



CURRENTRESEARCHADVANCESONTHEINTEGRATED

MANAGEMENTOFMOSQUITOES

MirSMulla

UniversityofCalifornia
DepartmentofEntomology143EntomologyRiversideCalifornia92502

TheresearchprogramonmosquitoesattheUniversityof
CaliforniaRiversideisprimarilyconcernedwiththeap
pliedaspectsofmosquitoesandtheircontrolTheaimsof
thisprogramaretostudyformulateanddevelopintegrated
controlstrategiesagainstvariousspeciesofmosquitoespre
vailingindiversehabitats

Currentprogramsareplacingemphasisonthedevelop
mentofbiologicalcontrolagentsandchemicalcontrol
strategiesincludingtheuseofconventionalandnovelchem
icalsubstancesregulatingmosquitopopulationsStudiesare
alsounderwaytoelucidatethephysiologicalmechanisms
involvedinthedevelopmentofresistancetothevarious
groupsofchemicalcontrolagents

Theresultsoftheseresearchprogramsdealingwithmos
quitoesandrelatedproblemswillbepresentedbythere
searchstaffofUCRatthismeetingAtotalof19scientific
papersarelistedontheprogramandwillbepresentedby
theresearchersinpersonThehighlightsofthesefindings
whichIamgoingtotouchuponwerefurnishedbythe
variousresearchersTheseresearcherswillbeavailableto

answeranyquestionsduringthecourseofthisconference
PATHOGENSInthefieldofinsectpathologyDr

BrianFedericiarecentadditiontoourfacultyintheDivi
sionofBiologicalControlisdevotingasubstantialportion
ofhisresearchtimetoinvestigationsonthepotentialrole
mosquitopathogensmayplayinintegratedcontrolpro
gramsCurrentlyheisstudyingthepotentialofbothviruses
andfungiofthegenusCoelomomycesLaboratorystudies
withcytoplasmicpolyhedrosisvirusesnuclearpolyhedrosis
virusesandiridoviruseshaveindicatedthatnoneofthe
knownvirusesofthesetypeshavemuchcontrolpotential

TheworkonCoelomomycesalthoughataverybasic
stagenowsuggeststhatthesefungideserveseriousconsider
ationascontrolagentsEpizooticsresultinginhighmortal
ities95100 inlarvalpopulationsarewelldocumented
intheliteratureHoweverithasonlybeenwithinthelast
yearthatworkersattheUniversityofWashingtondemon
stratedthatCoelomomycesfungirequirecopepodsasobli
gatealternatehostsSincecomingtoRiversideDrFederici
hasfoundthatthecopepodCyclopsvernalisisanalternate
hostforCpunctatusDuringthenextfewyearshewill
concentrateonthissystemandanothersysteminvolvingC
psorophoraeandCulisetainornataHisobjectivesinclude
determiningcompletelifecyclesforthesefungithedevel
opmentofmethodsformassproductionof mosquito
infectiveunitsandarealisticevaluationoftherolethese
fungimayplayasbiologicalcontrolagentsinmosquitocon
trolprogramsThisresearchisrelevanttoCaliforniamos
quitoproblemsinthatastrainofCoelomomyceshasbeen
foundinUtahwhichcausesmortalitiesofupto100in
populationsofCulextarsalislarvaeandisalsocrosstrans
missibletospeciesofAedesandCulisetaItisplannedto
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initiatesurveysfornewvirusesandotherpathogensofmos
quitoeswithinthenearfuture

Reesimermisnielseniisamermithidnematodewhichcan

parasitizeandkillthelarvalstagesof57speciesofmosqui
toesunderlaboratoryconditionsResearchonthispromis
ingmosquitoparasiteisconductedbyDrEGPlatzerand
hisgraduatestudentBeckyBrownoftheDepartmentof
NematologyThisresearchispartofa5to7yearprogram
onthebiologicalcontrolofmosquitoeswithmermithid
nematodesThegoalofthisprogramistodevelopandmain
tainafacilityforthemasscultivationofRnielseniandto
studytheecologicalrequirementsofthismermithidnema
todetodeveloprationalguidelinesforitsuseinnaturalcon
trolofmosquitopopulations

Theyhaveestablishedaculturesystemforautogenous
Culexpipiensandcanproduce100000mosquitoesweekly
MostoftheseareusedforinfectionwithRnielseniand

theculturesystemcanproduce50000postparasiticnema
todesperweekAftermaturationthepostparasiticfemale
nematodeslayeggsonasandsubstrateandtheseeggscan
bestoredforuptosixmonthsonmoistsandThemass
productiontechniqueshavetobeimprovedformuch
greateryieldoftheparasitesMajoreffortshavebeendirec
tedtowardthebasicbiologyofRnielseniFindingsof
interesttothisgroupare1Theinfectivenematodelarvae
toleratethecopperandEndothalbasedalgacidesatconcen
trationsusedforalgaecontrol2Thetypicalconcentra
tionsofcationsandanionsfoundinthefreshwatersof

NorthAmericadonotaffectthemotilityoftheinfective
larvae3Lightordarknessdonothaveanysignificant
effectontheinfectivityoftheinfectivestages4Temper
atureeffectsonthesurvivaloftheinfectivestageshave
beenstudiedtheoptimumtemperatureforsurvivalis1112
Cbuttheoptimumtemperatureforinfectionisat21C

PREDATORSDrFredLegnerandhisgraduatestu
dentMrYuandothersoftheDivisionofBiologicalCon
trolareengagedinresearchontheeffectivenessofvarious
fishandinvertebratepredatorsofmosquitoesTheyhave
madesignificantcontributionstotheecologyofthedesert
pupfishCyprinodonmaculariuswhichisaneffectivebio
logicalcontrolagentformosquitoesTheecologicalimpli
cationsofthisfishaswellasGambusiaaffinisarebeing
studiednowItseemsthatthedesertpupfishisamorede
sirablemosquitopredatorandthereforetrialstostockand
establishthisfishinsomeareasareunderwaynow

ThestudiesonHydrahaveprogressedconsiderablyMass
productiontechniquesaresufficientlydevelopedtoyield
largepopulationsofthesefordispersalandapplicationin
certainnonpollutedwatersofpermanenttosemipermanent
natureHydradowellinhabitatssupportingemergentvege
tationsuchasricefieldsandothers



TwoplanariaspeciesDugesiadorotocephalaandD
tigrinaholdgreatpotentialforthecontrolofmosquitoes
andchironomidmidgesCurrentprobleminutilizingthese
bioticcontrolagentsatfieldlevelisthelackofsuitablemass
culturingtechniqueTheplanariawhendisturbedbythe
presenceofpreyorganismssuchasmosquitolarvaesecrete
aslimysubstancewhichactsasatoxicorparalyticagenton
thepreyThisbiologicalchemicalelaboratedbyplanariais
soquickactingthatmostofthepreylarvaesuccumbina
fewminutesDrLegnerandDrYSHwanganorganic
chemistareinvestigatingthechemicalnatureofthisnatural
productIfchemicallyknownitisquiteconceivablethat
thetoxicandparalyticagentmightbeemployedinmos
quitocontrolprogramsStudiesonthespeciesspecificity
stabilityandpotencyofthisproductareunderwaynow

RESISTANCETheprimarythrustofDrGeorgeGeor
ghiousresearchinvolvestheelucidationofthephenomenon
ofmosquitoresistancetochemicalsTheimmediateobjec
tivesare1toxicologicalandbiochemicalcharacterization
ofresistance2updatingknowledgeontheevolvingspec
trumofresistance3identifyingchemicalswhichare
effectivetoxicantsorsynergistsonresistantpopulations
Investigationsonthemodeofactionofthechemicalsin
volvedareanintegralpartofthisresearchThelongterm
objectiveofDrGeorghiouistheformulationofcontrol
approacheswhichwouldreduceoreliminatethepossiblity
ofdevelopmentofresistance

ThemostsignificantfindingofDrGeorghiousresearch
programin1974hasbeentheidentificationoforganophos
phorusmultiresistanceinCulex5fasciatusStrainsfrom
HanfordCaliforniawerecolonizedinOctober1974and
foundtobestronglyresistanttoAbatechlorpyrifospara
thionfenthionandmalathionAsinthecaseofOPmulti
ItCtarsalisthesestrainsaresusceptibletocarbamatein
secticidesResearchwithsynergistsandradiolabelled
chemicalsrevealedthatinbothspeciesresistanceisdueto
enhancedmetabolismoftheorganophosphatesThiscon
trastssharplythesituationinAnophelesalbimanuswhich
hasdevelopedamongmosquitoesauniquemechanism
ofresistancenamelyreducedsensitivityofthetarget
enzymeAChEtowardOPandcarbamateinsecticides

FurtherresearchonCtarsalishasconfirmedtherecal
citranceofthespeciestodevelopmentofresistancetoward
carbamatesselectionofahighlyOPresistantstrainwith
45xresistancetoparathionforsevengenerationshadno
effectonthelevelofsusceptibilitytowardcarbamates

SeveralinsecticidesreceivedfromWHOorthechemical
industryweretestedfortheirtoxicitytoinsecticideresist
antstrainsAvailablestrainsincludeC5fasciatussuscepti
blepropoxurRfenthionRandOPmultiRCtarsalis
susceptibleOPmultiRandAltosidRandAnophelesal
bimanussusceptibleandOPCarbmultiRAbiodegradable
DDTanalogOMS1476showedgoodactivityonallbut
thepropoxurRstrainofC5fasciatusTheorganophos
phatesCelamerckS2957andCyanoxwerehighlytoxicto
larvaebutwereaffectedbycrossresistanceinalltheOP
multiRstrainsCibaGeigy18809aderivitizedcarbamate
waseffectiveonOPRstrainsbutlesstoxictocarbamateR
strainsLeastinfluencedbyOPcarbamateorDDTresist
ancewereCismethrinandBiopermethrintwopotentsyn
theticpyrethroids

StudiesonthemodeofactionofTH6040haveproduced
informationrelevanttothefieldapplicationofthisIGR
chemicalThecompoundshowednearlyidenticalactivity
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againstfivestrainsofCtarsalisandfourstrainsofC5
fasciatusirrespectiveofexistinginsecticideresistanceinthe
strainsItwasdemonstratedthatactivityiscongruentwith
ecdysisthatsensitivityofthefourlarvalinstarsisapproxi
matelyequalandthataconsiderableproportionofeclosed
adultsareincapableofcompletelyseparatingfromthepup
arium

OVERCROWDINGFACTORSRecentlyweisolated
andidentifiedthenaturalchemicalsproducedbyover
crowdedlarvaeofmosquitoesWeknownowthatolderlar
vaeofCulexpipiensquinquefasciatusSayunderover
crowdedconditionselaborateanumberofchemicalsknown
asovercrowdingfactorswhichplayaroleinregulatingmos
quitolarvalpopulationsThesefactorsmanifesttoxicand
growthretardingeffectsinyoungerlarvaeDrYSHwang
andothershaveelucidatedthechemicalnatureofthesebio
logicallyactivecompounds

Thehydrocarbonfractioncontainsheptadecaneoctade
cane1methyloctadecaneand8methylnonadecaneSyn
theticsamplesofthesecompoundsshowsomebiological
activityagainstmosquitolarvaeStructuralisomersofmeth
yloctadecaneandmethylnonadecanewerealsosynthesized
andevaluatedAmongthese4 7 and9methylnonade
canesshowedthegreatestactivityandLCintherange
of12ppmandLCabout10ppmThisrateofapplica
tionmightseemhighbutcombiningthesewiththeother
componentsofovercrowdingfactorsonegetsgoodsyner
gisticaction

Thecarboxylicacidfractioncontains2methyland2
ethylsubstitutedaliphaticcarboxylicacidsToconfirmthe
biologicalactivityofbranchedchaincarboxylicacidsa
numberofcarboxylicacidswithvariousstructuraltypes
wereevaluatedBioassayshowedthatbranchedchaincar
boxylicacidsingeneralpossessgoodactivityinducingmor
talityinyoungerlarvaewhilestraightchaincarboxylicacids
shownoorlittleactivityThestructuralactivitystudiesof
2ethyl2butyland2hexylsubstitutedcarboxylicacids
revealthatthelevelofactivityofthesecompoundsseems
tobedependentuponthetotalnumberofcarbonatomsin
thecarboxylicacidsMethylestersofthesebranchedchain
carboxylicacidsarebeingstudiedMethylestersofthe
branchedchaincarboxylicacidsaremoreactivethanthe
correspondingacidsItisthereforeconcludedthatesterifi
cationoftheacidsincreasesthebiologicalactivity

Theovercrowdingfactorsareproducedbymosquito
larvaeforregulatingtheirownpopulationsThesechemicals
accordingtotheirstructureseemtopossesslittletoxicityto
manordomesticanimalsTheyarehighlyspecificandhope
fullywillnotdisruptecologicalequilibiruminanaquatic
ecosystem

Itisquitepossiblethattheovercrowdingfactorsortheir
analogscouldbedevleopedasspecificlarvicidalagentsfor
mosquitocontrol

InsectGrowthRegulators

LABORATORYEmulsifiableconcentrateandencapsu
latedformulationsoftheIGRR20458wereevaluatedin
thelaboratoryagainst4thinstarCulexpquinquefasciatus
Sayat01and05ppmTheencapsulatedthickwallformu
lationat01ppmproducedcompleteinhibitionofemer
gencefor9daysoftheexperimentTheECandencapsu
latedthinwallproducedcompleteinhibitionofemergence
forthefirstdayonlyInhibitionofemergencewaslessthan
56forthe36and9dayintervalsAt5ppmonlythe



ECandthethickwallformulationsproducedcompleteinhi
bitionforthe9dayperiodthethinwallformulationyield
inglessthan90fordays36and9

RO83165RO103108RO103683RO106425and
RO203600allEC4formulationswereevaluatedat01
ppmagainstthelarvaeThefirst2compoundsyieldedmedi
ocreinhibitionofemergenceonlyforthefirstdayafter
treatmentInhibitionwasverylowforday4and8ofaging
RO103683produced100inhibitiononday0and88
and74inhibitiononday4and8respectivelyThelast2
compoundsyieldedhighlevelofinhibitiononday0butin
hibitiondeclinedonday4and8

ECandencapsulatedformulationsofRO203600were
evaluatedat005and01ppmTheECformulationyielded
consistentinhibitiononday04and8Theencapsulated
formulationwasinferior

MethopreneorAltosidwasevaluatedasECencapsulated
SR10andencapsulatedSRIOFwithcharcoalat001and
005ppmThe2encapsulatedformulationsweresimilarin
theirperformancebutsuperiortotheECformulation

GRANULARFORMULATIONS4granularformula
tions05 oftheIGRTH6040wereevaluatedinthe
laboratoryDuringthefirst2daysafteradditionofgranules
towaterreleasewaslowOnthe3rddaythelevelofre
leaseintothewaterwashighenoughtoproducecomplete
inhibitionwithafinaltheoreticalconcentrationof005

ppmAllcarriersFlorexCelatomandEmathliteyielded
similarreleasesHoweverCelatomwithlargeparticlemesh
releasedthematerialsomewhatslowly

GranularformulationsoftheIGRR20458yieldedgood
inhibitionofemergenceat05ppm1dayafteradditionof
granulesLevelofinhibitionwaslowtomediocre24and
8daysafteradditionofthegranules

ASTAGNANTWATERMOSQUITOESTwoformula
tionsECandsemigelledofRO103108andECformula
tionofCGA13353CibaGeigyCowereevaluatedinfield
pondsatOasisCaliforniaagainstlarvaeofCulextarsalis
attherateof025and05lbacreFormulationsofthe
formercompoundperformedsimilarlyyielding8595in
hibitionofemergenceinthepopulationisolated2days
posttreatmentLowlevelofInhibitionwasobtained6days
posttreatmentThe2ndcompoundwasineffectiveatthe
ratesused

AcomparisonoftheECandWPformulationofHE
24108attherateof05and10lbacreinpondsagainstC
tarsalisshowedthetwotobesimilarInhibitionof emerg
enceatthelowerratewasmediocrewhileatthehigher
rateexcellentinhibitionofemergence82 wasob

tainedupto11daysposttreatmentLevelofeffectiveness
declinedconsiderablywhentested17daysaftertreatment
TheWPformulationhoweveristhemosteconomicalsince
highemulsifiableconcentratescannotbeformulated

Sincethe2encapsulatedformulationsofAltosidSR10
werefoundtobeequallyeffectiveinthelaboratorythey
werethentestedunderfieldconditionsduringcoolweather
againstCtarsalisandCulisetainornataattherateof01
lbacreThestandardSR10formulationwassuperiortothe
SRIOFwithcharcoalagainstCulextarsalisThestandard
SR10yieldedcompleteinhibitiononday25and8post
treatmentwhiletheSR10Fgaveonly79inhibitionon
day8Cinornatawasmoresusceptibleitsinhibitionof
emergencebeingcompletewithbothformulationsatall3
intervalsMeanmaximumandmeanminimumwatertem
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peratureduringthestudyperiodwas74and58Frespec
tively

Duringwarmweathermeanmaxandmeanminwater
temp89and70Frespectivelytheabove2Altosidform
ulationsatthesamerate01lbacreproducedhighlevel
ofinhibitionofemergenceofCtarsalis2daysposttreat
mentAsfoundpreviouslyAltosidisshorterlivedathigher
temperaturesthanatlowtemperaturesAnotherstudydur
inghighwatertemperaturesagainstCpeusproducedsimilar
resultsaswithCtarsalisTheformulationsinhibitedemerg
ence2daysposttreatmentbutnot4daysaftertreatment

The3formulationsoftheIGRR20458ECencapsu
latedthinwallandthickwallandtheencapsulatedformu
lation2Swereevaluatedinpondsat051bacreagainstlar
vaeofCtarsalisandCinornataLowtomediocrelevelof
inhibitionofemergencewasobtainedwithallformulations
Noneoftheformulationswassuperiortoanyotherand
nonegavesatisfactorycontroleveninitallyie2dayspost
treatment

GRANULARFORMULATIONSOFTH6040Since
thegranularformulationsofTH6040provedeffectivein
thelaboratorythesewerethenstudiedinpondsagainstC
tarsalislarvaeThematerialwasappliedat01lbacreAll
fourgranularformulations05onFlorex1530proved
moreorlessequallyeffectiveCelatom1530formulation
beingthemosteffectiveAllformulationsyieldedcomplete
inhibitionofemergencefor1011daysaftertreatment

BFLOODWATERMOSQUITOESTheIGRsTH6040
HE24108methopreneorAltosidandR20458wereevalu
atedagainstthefloodwatermosquitoPsorophoraconfinnis
inirrigatedpasturesTH6040WPgavecompletecontrolof
thisspeciesat0005lbacreHE24108WPat025and05
lbacreproducedhighlevelofcontrolAltosidSR10yielded
completecontrolat0025and0051bacreTheencapsu
latedformulation2SofR20458yieldedalmostcomplete
controlattherate0251bacreTheseIGRsespeciallyTH
6040andAltosidoffergoodpotentialforeffectiveand
safecontroloffloodwatermosquitoes

EFFECTONNONTARGETORGANISMSECandWP
formulationsoftheIGRTH6040wereevaluatedinthe
fieldfortheirshorttermeffectsonseveralprevailinggroups
ofarthropodsAttheratesof0025and01lbacreneither
formulationproducedshorttermeffectsondivingbeetle
adultsandlarvaemayflynaiadswhicharethemostsus
ceptiblegrouptoOPinsecticidesanddragonflynaiads
mostlyAnaxspHoweveranumberofdivingbeetlelar
vaeDytiscidaewerefounddeadorinstressatthesurface
ofwaterintheWPtreatmentsandnotintheECformula
tionInanotherexperimentwheregranularandWPformu
lationofthiscompoundwerestudiednonoticeableeffect
wasobservedonmayflyanddragonflynaiadsOstracoda
populationswerenotaffectedeitherHowevercopepods
CyclopsandDiaptomuswereslightlydepressedbuttheir
populationrecovered11daysposttreatmentCladocera
mostlyDaphniaspwereseverelyaffectedupto11days
posttreatmentbuttheirpopulationrecovered15daysafter
treatment

IntermsoftoxichazardsofthisIGRthismaterialis
muchlesshazardousthanmostcommonlyusedOPmos
quitolarvicidesTheOPlarvicidesingeneralinduceheavy
mortalitiesinmayflynaiadsdragonflynaiadsCladocera
andCopepoda



MosquitoLarvicides

FIELDEFFICACYAsyntheticpyrethroidNRDC143
whichwasfoundtobehighlyeffectiveagainstlarvaeand
pupaeinthelaboratorywasstudiedinthefieldagainst
CulexpeusCtarsalisandOPresistantAedesnigromaculis
Unlikeothersyntheticpyrethroidsthismaterialyielded
excellentcontrolofCulexspeciesattherateof0025005
lbacreThiscompoundwasmoreeffectiveagainsthighly
OPresistantstrainsofAnigromaculisinTulareandKern
Countiesyieldingcompletelarvalcontrolat0010025lb
acreThiscompoundisuniqueinshowinggoodactivity
againstbothlarvaeandpupae

TwoneworganophosphatematerialsN2596andS
2957werealsohighlyeffectiveyieldingcompletecontrol
ofCulexspeciesat0025lbacreTheformercompound
producedgoodcontrolofOPresistantAnigromaculisat
theratesof00501lbacreItseffectivenesswasinfluenced
bythelevelofOPresistanceinthepopulationItisquite
possiblethatthesetwoOPcompoundswillnotbeeffective
fortoolongagainstOPresistantstrains

TwoothernewOPlarvicidesCGA12223andCGA
15324wereevaluatedagainstCtarsalisandCinornatain
thefieldTheformercompoundprovedeffectiveatthe
rateof05lbacrefailingtoyieldgoodlarvalcontrolat
025lbacreThisistoohigharate05lbacreforanOP
compoundtobeusedinmosquitocontrolThelattercom
poundprovedveryeffectiveagainstthesespeciesatthe
ratesof005and01lbacreyieldinglarvalcontrolfor10
daysorsoThiscompoundseemstooffergoodpotential
asalarvicideCGA18809aderivatizedcarbamatewasin
effectiveasalarvicideatratesashighas05lbacre

EFFECTSONNONTARGETORGANISMSThesyn
theticpyrethroidNRDC143causedcompletemortality
inmayflynaiadinfieldpondsattheratesof005and01
lbacreTheformerrateisattheupperlimitsoflarvicidal
dosageandatthisratethemayflypopulationrecoveredto
fullcapacity16daysaftertreatmentCopepodswere
affectedbythehigherratebutnotthelowerandOstracoda
werenotaffected

TheorganophosphateS2957alsocausedseveremortal
ityofmayflynaiadsat005and01lbacreratesthepopu
lationnotrecoveringforupto16daysaftertreatment
Copepodsandostracodswereslightlyaffectedrecovering
16daysaftertreatment
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CGA12223at005and01lbacrelarvicidalratescom
pletelydecimatedmayflynaiadsnorecoverynoticed14
daysaftertreatmentDragonflynaiadshoweverwerenot
affectedattheseratesnorweredivingbeetlelarvaepreda
ceousandadultsCGA15324at005and01lbacrealso
decimatedmayflynaiadsbutnotdragonflynaiadsordiving
beetlelarvaeandadultsAsiswellknownthemayflies
whicharegrazersofthefreshwaterhabitatsareseverely
affectedbyOPcompoundsThederivatizedcarbamateCGA
18809at01lbacremuchlowerthanlarvicidalrate
affectedmayfliesslightlybutnottheothertwogroups
Thismaterialasdiscussedearlierdoesnothaveanymos
quitolarvicidalpotential

ALIPHATICAMINESThesesimpleandreadilyavail
ablecompoundsarefindingmoreusesinmosquitocontrol
programsForthepastseveralyearsthealiphaticamines
havebeenemployedascationicsurfactantsandasadditives
tohydrocarbonlarvicidesDuetothecurrentshortageof
petroleumproductsthecostoflarvicidaloilsisgettingbe
yondthereachofsomedistrictsThereisagreatneednow
todevelopconcentrateformulationsofaliphaticaminesso
thatthesecanbeusedwithwaterasthecarrierandsprayed
overmosquitobreedingsourcesWiththeseobjectivesin
mindseveralaliphaticamineswereevaluatedasconcen
trateformulationsappliedwithandwithoutwater

GroundapplicationsofAlamine11ArmeenL15and
DuomeenL15at05lbacreactiveyieldedgoodcontrolof
larvaeandpupaeofCtarsalisandCpeusAtthesamerate
allthreecontrolledlarvaeofAnigromaculisAlamine11
alsocontrolledpupaewhileArmeenL15andDuomeen
L15yielded90and83controlofpupaerespectivelyAt
ahigherrate10lbacrebothmaterialsyieldedcomplete
controlofpupaeItistheuniquefeatureofthesecom
poundstocontrolbothlarvaeandpupae

Aerialapplicationofconcentratesofaliphaticaminesin
oilasULVtreatmentsfailedtocontrollarvaeofAnigro
maculisinirrigatedpasturesFurtherstudiesareneededto
developeffectiveconcentrateformulationsofaliphatic
amines
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IntermsoflongevityProfessorJohnBelkinstaxonomic
andbionomicstudyoftropicalmosquitoesisthemostsub
stantialaccomplishmentinmosquitoresearchatUCLAIn
theformerZoologyDepartmentDrBelkinundertookex
tensivestudiesofthetaxonomybionomicsanddistribution
ofthemosquitoesoftheSouthPacificThisculminatedin
thepublicationin1962bytheUniversityofCalifornia Press

ofthetwovolumeworkonMosquitoesoftheSouth
PacificBelkin1962

Thisinitialmodelofpersonalfieldcollectionsinthe
tropicsrearingandfixingmorphologicalslidesofallinstars
ofbothsexesandexaminationofmaterialincollections
scatteredallovertheworldprovidedtheformatforamuch
largerundertakinginitiatedin1962Thisisonthetaxon
omybionomicsanddistributionofMosquitoesofMiddle
AmericaThenorthernandsouthernlimitsofMiddleAmer
icaarebeingconsideredflexibleinaccordancewiththedis
tributionoftropicalandsubtropicalmosquitospecies
whichattimesextendintothetemperatezonesofNorth
andSouthAmerica

BecauseDrBelkinrecognizedthevastnessoftheunder
takinganditsobviousevolutionarynatureattheoutsethe
determinedthatthecontributionswouldbepublishedperi
odicallyunderanominalseriesContributionsofthe
AmericanEntomologicalInstituteThishasledtoacumula
tivereferencebibliographyof43paperstodateAppendix
IThecontentsareofinterestandvalueforadiversecom
munityofprofessionalacademicandresearchentomolo
gistsTheworkissupportedundercontractoftheDepart
mentoftheArmythebiologicalaspectsbyagrantfrom
theNationalInstituteofAllergyandInfectiousDiseases
Whatisemergingisauniquecontributiontothereference
sourcesofimportancetomedicalentomologyandespecially
vectorcontrolForinstancewhenCaliforniawasthreatened
withthenorthwesternextensionofepidemicandepizootic
VEEWork1972thecontributionofAdames1971was
theonlysourceofreliableinformationonDeinocerites
mosquitoeswhichhadbeenimplicatedasanimportant
vectorinthe1971outbreakinTexas

Itisexpectedthatultimatelytheinformationwithillus
trationswillbecollatedintoreferencevolumeswhichwill
replacetheoutdatedworksofHowardDyarandKnab
191217Dyar1928

CYTOPLASMIC INCOMPATIBILITYInitiallysup

portedbytheCaliforniaDepartmentofPublicHealthand
subsequentlytransferredtotheUniversityofCaliforniaDr
ARalphBarrhasbeencolonizingstrainsofdifferentgenera
andspeciesofmosquitoesinattemptstocrossbreedfor
evidenceofageneticbasisforcytoplasmicincompatibility
Thisisatermassociatinginheritedmatingtypetocyto
plasmoftheeggformedinthefemalemosquitoovaryIf
thecombinationofspermproducessterileeggsorothers

thatdonothatchaconditionofcytoplasmicincompati
bilityissaidtoexistThisphenomenoninitiallypromised
tobeanapproachtobiologicallimitationsofnaturalpro
ductionofmosquitoesAstheyearspassedtherehasbeen
acontinuousemissionofinformationonvariousmarkers
associatedwithvaryinglevelsofincompatibilitybutno
demonstrablechromosomalcharacterassociatedwithin
compatibility

In1970astudentJaniceYenlookingatreproductive
tissuesofincompatiblestrainsofCulexpipiensobserved
whatappearedtobevirusesSubsequentexperimentsutiliz
ingantibioticsestablishedthesusceptibilityoftheseorgan
ismsandthereforeeliminatedthemfromcharacterizationas
virusesSearchoftheliteraturedeterminedthatmanyyears
agoMarshallHertighadobservedsimilarparticlesthathe
describedasWolbachiapipientisHertig1936Thekey
resultofMsYenwasthattheapplicationofantibioticsto
breedingcultureseliminatedordiminishedtheapparent
cytoplasmicincompatibilityYenandBarr1973

Furtheruseofelectronmicroscopyhasvisualizeda
largerthereforedifferentWolbachiaorganismbyanother
studentJohnWrightinthetesticularcellsoftheTafahi
strainofAedesscutellarisWhetherthistooisassociated
withreproductiveincompatibilityawaitsappropriateanti
bioticexperiments

Whileonecanfacetiouslyconcludethatthebestwayto
increasemosquitoproductionwouldbetofogwithbroad
spectrumantibioticsitemergesfromthisworkthatcontrol
ofparasitismbymanipulatingtheseasyetbiologicallyun
characterizedagentswouldbeoneapproachtoinhibit
actualbreedingofmosquitoesYenandBarr1974

ENCEPHALITISTRANSMISSIONINARIDZONES

EpidemicencephalitisinCaliforniahasbeensufficientlyfre
quentsevereandcostlytohavesupporteddevelopmentof
mosquitoabatementprogramsthatcoverlargeareasofthe
stateparticularlyintheSanJoaquinandSacramento
ValleysWhilethisisanabidingandcontinuouslythreaten
ingpublichealthprobleminCaliforniamuchhasbeen
learnedthroughtheclassicresearchandaccomplishmentof
DrWCReevesandcolleaguesoftheUniversityofCali
forniaBerkeleyandthoseassociatedwithMrRichardF
PetersandRichardEmmonsintheStateHealthDepart
mentinSacramentoandBerkeleyItisalsoacknowledged
thatadditionalknowledgeonarbovirustransmissionofhu
manpathogensthatproducecentralnervoussystemdisease
aswellasotherdiseasesyndromeshasbeenaccomplished
throughepidemicinvestigationandlongtermbasicstudies
inotherstatesinassociationwiththeUSPHSCenterfor
DiseaseControlandabroadbynationallaboratories
RockefellerFoundationsupportedeffortstheWorldHealth
Organizationandvariousmilitaryresearchteamsandfacili
ties
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Fromthiscollationofresearchresultsandepidemicex
periencesonaglobalbasisconceptsandperceptionshave
emergedwhichframehypothesesthatarerelevanttothe
dynamicsofencephalitisvirustransmissioninCalifornia
Onemajorhypothesisisthatwhenhumanendeavourdras
ticallychangesaridregionsbyintroductionofirrigated
waterforproductionofcropsenvironmentsarecreated
whichsupportmosquitobreedingandsupplyfoodand
habitatforvertebratesinwhichvirusesarecirculatedThis
notonlyresultsinexposureoftheincreasedhumanpopula
tionrequiredtoworkthenewagriculturalproductionbut
onoccasionattractslargenumbersofsusceptiblepeople
forrecreationalandretirementpurposesItisthereforeim
portantto1determinewhethervectorspeciesexistand
dotransmitpathogenicarboviruses2determinetheirdy
namicssothatathreateningthresholdcanbeestablished
beyondwhichvectorcontrolmustbeinitiated3eluci
datethemosquitovertebratemaintenanceandtransmission
cyclesothatanylinkamenabletointerruptioncanbecon
sideredforapreventiveprogram4determinekeysites
andmechanismswhicharethemostsensitiveindicatorsof
transmission5definereliablefocioftransmissionwhich
canbeusedforevaluationofcontinuallyneededmeasures
ofvectorcontroland6establishacontinuoussurveil
lancewhichwilldetectnewareasoftransmissioninvasion
oremergenceofnewpathogenicarbovirusesorextension
ofpreviouslydefinedenzooticandendemicareas

ThearidzonesofSouthernCaliforniaposesuchprob
lemswhicharerelevanttothehealthandwelfareofmore
thantwelvemillionpeoplewhoeitherliveintheseareasor
frequentthemforrecreationalorotherpurposesIn1967
weundertooktodeterminewhetherCulextarsalistherec
ognizedarbovirusencephalitisvectorinCaliforniawas
activethroughouttheyearintheImperialValleyand
whetherittransmittedarbovirusencephalitisincontrast
tothesummerseasonalactivitywellrecognizedanddefined
inKernCountyandotherareasofthegreatCentralValley
wheremosquitoactivityessentiallyceaseswiththeonsetof
coldweatherTheseinvestigationswereundertakenby
graduatestudentstraineessupportedbygrantsinthe
trainingprogramoftheUSPHSNationalInstitutesof
HealthTOIAI00132
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YeararoundCulextarsalisactivitywasdefinedaswas
thewintertransmissionofCaliforniaencephalitisvirusby
CulisetainornatamosquitoesAbimodalcurveofCulex
tarsalisactivitywasobservedpeakinginlatespringand
earlyfallTheenigmaticTurlockvirushasappearedfre
quentlyinCulextarsalispoolsbutasyetnotaccordingto
anyrecognizablepatternOneothervirusisolatedbutnot
yetidentifiedisknowntobeamemberoftheBunyamwera
antigenicgroupAtnotimedidwefailtocatchCtarsalis
mosquitoeswhichindicatedthattheywereactiveevery
nightoftheyearAbout90ofthetotalcatchconsisted
ofCtarsalisOverasevenyearperiodSLEViruswasiso
latedeveryyearin1972asearlyasMayandin1970as
lateasNovemberButasyetnoevidenceofSLEvirustrans
missionhasappearedinthewinterandearlyspringmonths
Thiscouldbeattributabletolowyieldpertrapnightinthe
coolermonthsbutmaysuggesteitherannualreintroduc
tionormaintainancebymeansotherthanmosquitotrans
mission

OnthebasisofthisfindingtheStateHealthDepart
mentsVectorControlSectioninitiatedmorewidespread
surveillanceforarbovirustransmissioninthearidzonesof
theCaliforniaborderReviewoffouryearsaccumulated
datain1971indicatedthatourstudyareawasatthe
peripheryofamorecentrallylocatedemissionofWEand
SLEvirusesFurtherreconnaissancelocatedtheFinney
RamerWildLifeRefugeanaqueoushabitatmorecentrally
locatedastridetheAlamoRivernortheastofBrawley
Simultaneousstudiesofthetransectrunningthelengthof
theriverfromFinneyLaketoSaltonSeaindicatedthat
therewerenofociofmosquitotransmissionofvirusesmore
constantthanatFinneyLake

GeneraldisseminationthroughoutImperialValleywas
demonstratedinthecombineddataofHarryMagysVector
controlsurveillanceandourbordersearchin1972Bown
andWork1973

ThereliabilitywithwhichSLEvirusappearsatFinney
Lakeeachyearcalledforintensivequantitativestudiesthat
werecommencedinJanuary1973ClarkWorkandMoss
1974TheStateSurveillanceturnedupSLEinfectedC
tarsalismosquitoesApril41973alongtheNewRiveron
thewestsideofImperialValleyMagyperscommun

Figures1and2 Wolbachialikemicroorganisminspermatogonialcellfrom24hrpupaltestesoftheAedesscutellaris
complextafahistrainnnucleusofspermatogonialcellIinterstitialcellarrowWolbachialikemicroorganism



Ourquantitativeeffortswereconcentratedinaneast
westtransectof15CDClighttrapshung100feetapartbe
tweenSheldonPondandtheAlamoRiverLessthanamile
tothenorthagridof9CDClighttraps50feetapartin
rowsofthreewaslayedoutbetweentheshoreofFinney
LakeandthevalleylevelblufftopAsmanyassevennights
trappingwereaccomplishedeachmonthThesestudies
showedthatthemoreexposedtransectmosquitocatches
peakedinJuneandprecipitouslydroppedtoasignificantly
lowerlevelthanthegridwhichwasmaintaineduntilthe
returnofcolderweatherinearlyfallWhilethegridcatches
reflectedasimilarpeakinJuneadeclinewasassociated
withthehighestmeanmaximumtemperaturesexceeding
100degreesThetrapnightyieldinJulyAugustinthegrid
persistedatasignificantlyhigherlevelthanthetransect
perhapsindicatinghigherprotectioninthedenservegetation
ofthegridorcontinuousbreedinginthemarshshoresad
jacenttothegridClarketal1974

Thecontrastinvirusisolationswasevenmorestrikingin
thattheperpoolisolationrateforSLEvirusdroppedinthe
transectcollectionbutshowedapersistenceinthegrid
whichreflectedtwopossibilities1thatthemorefavor
ablehabitatofthegridallowedinfectedmosquitoestosur
vivelongeror2thatthewildmosquitovertebratemain
tainedcyclepersistedintheaqueoushabitatadjacentto
thegrid

Thisobviouslyrequiredexaminationofmicroclimatic
associationswhichwasundertakenin1974byplacinghy
grothermometersadjacenttothemostreliabletrapsiteson
thetransectandinthegridOvertheyearswehadobserved
thatexcessivelystrongwindshadamarkeddepressiveeffect
ontrapnightyieldsofmosquitoesWindswillsignificantly
decreasethecatchononeortwonightsButonthefirst
relativelycalmnightthepertrapnightcatcheswouldsigni
ficantlyexceedtheaverageBecauseofthetransientgusts
localizedphysicalobstructionsandairchannelsitiscon
sideredimpossibletorelateairmovementtotransectand
gridtrapsitesinthesamewayasrecordedtemperatureand
humidityHoweverrecognizingthatairmovementmaybe
acriticalfactorwehavedirectedourattentiononlytothe
relationshipoftemperatureandhumidityatthistimeQuite
obviouslyidentificationofalmostthreemonthsnightly
collectingin1974hasbeenbeyondhumancapabilityto
completebynowInitiallythereferencesitecollectionsfor
everyfifthnightwereidentifiedpooledandinoculated
ClarkandWorkinpreparation

Fromthedataanalyzedsofaritappearsthatmaximum
pertrapnightcollectionswereprecededbythehighest
meanmaximumtemperaturewhichmayreflectaccelerated
maturationoflarvaeandpupaeNocorrelationwithhigh
humidityhasemergedasyetotherthanahighermeanmin
imuminthegridwheremuchhighertrapnightyieldwas
maintainedThismayconfirmthehypothesisthatthemos
quitovectorstendtofrequentmoreprotectiveconditions
forsurvivalwhichmaintainasignificantlylargerpopulation
ofinfectedvectorsorthatthemorehumidenvironmentof
themarshadjacenttothegridmaintainsamosquitoverte
bratecycleoftransmissionthroughoutthesummer

WhentheresultsofCtarsalispoolspositiveforSLE
virusareanalyzeditisagainclearthatSLEtransmission
wasprolongedinthemorehuniidgridthaninthemoreex
posedtransectwhichwassubjecttolowerminimumhumid
itygreaterfluctuationfntemperatureandhumidityand
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moreexposuretosunwindandotherharshelementsasso
ciatedwithadesertclimate

Wecanthereforeconcludethatanavidregionwhichpro
videsadequatehumiditywithhightemperaturecontributes
toCulexvectorproductivityandlongevityTheproductiv
itysupportsavectorpopulationofsufficientnumbersto
survivetheextrinsicincubationperiodofSLEvirusintoa
significantpopulationofinfectivevectorsThelongevityis
akeyelementinmaintainingamosquitovertebratecycle
ofinfectionThisstrengthenstheconceptthatexcessive
accumulationofwaterbyirrigationrainfallorflooding
combinedwithexcessivetemperaturespromotesacondition
ofhighincidenceofinfectedCulexvectorsandaprolonged
seasonoftransmissionSuchdetaileddynamicsofencepha
litisvirustransmissionasisemergingfromthesestudies
shouldsetthestagefortestingvariousnewmeansformos
quitocontrolinCalifornia

Initialattemptstodeterminewhetherthebreedingblack
birdpopulationwasassociatedwiththeappearanceandin
creaseofvirustransmissionshowedlittleevidenceofin

creasedinvolvementincollectionsmadeinMarchApril
MayandearlyJune1970Thisdirectedattentiontothe
othervertebratesresidingintheFinneyhabitatincluding
cottontailrabbitsskunksracoonsmuskratsandPerog
nathusandPeromyscusrodentsSeracollectedfromcotton
tailsin1971andinthespringof1972hadasignificant
percentageofSLEpositivesIntensivecollectionofcotton
tailsandinalesserextentothervertebrateswascom
mencedbyDrGaryClarkin1973Usingalowdosehighly
sensitivemouseneutralizationtestof10to60LDof
thosetestedonlyafewseraofanyspeciescontaineddem
onstrableantibodiestoSLEvirusTheseanimalswerecol

lectedmainlyintheareabetweenFinneytransectand
gridInthefaceofcontinuedhighisolationratesofSLE
virusfrompoolsofCtarsalistheseresultsledustocon
cludethatnoneoftheindigenousmammalianfaunaofthe
FinneyRamerRefugeisaprimarysourceofvirustothe
prevalentinfectedCtarsalismosquitovectorpopulation
ThehighprevalenceofSLEantibodiesobservedingrebes
bitternsandcootsin1970returnsourattentiontowater

birdsoftheFinneyLakehabitatasthesuspectsourceof
SLEvirustoCtarsalis

In1969whenexcessivesnowfallresultedinextensive
floodingofthevalleysUCLAundertooksearchforenceph
alitisarbovirustransmissioninOwensValleyAlthoughno
evidenceofWEEtransmissionturnedupprocessingof
AedesmelanimonmosquitoesyieldedtwelvestrainsofCali
forniaencephalitisvirusAsubsequentdissertationstudyby
DrHazelWallacenowatUCSFdemonstratedthatthe
G1040OwensValleystrainwasantigenicallycloselyre
latedtotheclassicreferenceBFS283strain

Followupstudiesshowedantibodiesinkangaroorats
PostdoctoralstudentsBowenandBowndemonstrated35

dayviremiasinDipodomysmerriamiandexperimentally
producedmosquitoinfectionandtransmissionofvirusfrom
kangaroorattomosquitotokangaroorat

Attemptstoisolatevirusfromlarvaeandpupaecollected
in1973didnotyieldanagentHoweverin19701971
and1973G1040Californiatypeisolateshavebeenob
tainedfromAedesmelanimonmosquitoescollectedinour
definedfocusinOwensValleyInAugust19749306mos
quitoesofwhich8784wereAedesmelanimonwerepro



cessedFortythreepoolsyieldedanisolateEighteenstrains
havesofarbeenidentifiedasG1040typeCaliforniaen
cephalitisvirusWethereforehavedefinedapermanently
establishedfocusofAedesmelanimontransmittedCalifornia
encephalitisvirusLongtermresearchstudiesarebeing
developedbecauseoftherecognizedrecreationalassocia
tionofthisdiseaseTheOwensValleyisamajorrecreation
alareaforSouthernCalifornians
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INSECTICIDESUSCEPTIBILITYOFMOSQUITOESINCALIFORNIA

OCCURRENCEOFORGANOPHOSPHORUSRESISTANCEINCULEXPIPIENSSUBSPP

PatriciaAGilliesErnstPZborayDonJWomeldorfandKathleenEWhite

CaliforniaDepartmentofHealth

ChemicalcontrolofmosquitoesinCaliforniahasbeen
mainlydependentuponorganophosphorusinsecticidesfor
twodecadesfollowingthewidespreadfailureofDDTand
relatedcompoundsagainstbothCulexandAedesduring
thelate1940sandearly1950sSmith1949Bohartand
Murray1950GjullinandPeters1952Repetitiveexposure
hasresultedinresistanceofCulextarsalisandAedesnigro
maculisextendingtoallsixofthecommonlyusedorgan
ophosphoruscompoundsmalathionparathionmethyl
parathionfenthionAbateandchlorpyrifos

Mosquitoresistancetoanorganophosphoruscompound
inCaliforniawasfirstconfirmedin1956whenlarvaeand
adultsofCtarsalisfromFresnoCountywerefoundtobe
resistanttomalathionGjullinandIssac1957By1969C
tarsalislarvaefromthesouthernportionoftheSanJoaquin
Valleyhadbecomeresistanttoalltheabovecompounds
GilliesandWomeldorf1969Georghiouetal1969Re
sistancewasdocumentedinasecondspeciesin1958when
Anigromaculislarvaewerefoundresistanttoparathion
LewallenandBrawley1958By1968bothlarvaeand
adultshaddemonstratedresistancebothinthefieldandin
thelaboratorytoallthecommonlyusedorganophosphorus
compoundsRamkeetal1969GilliesandWomeldorf
1969

During1974resistancetoseveralorganophosphorus
compoundswasdetectedinthetwoCaliforniasubspecies
ofCulexpipiensCpquinquefasciatusandCppipiens
Resistanceinthisspeciestoanorganophosphoruscom
poundwasfirstdetectedin1956whenlarvaefromKern
CountywereshowntoberesistanttomalathionGjullin
unpublisheddataAsapartofaprograminitiatedin1963
tomonitorthesusceptibilityofCaliforniamosquitoesthe
VectorControlSectionoftheStateofCaliforniaDepart
mentofHealthincooperationwithlocalmosquitocontrol
agencieshastestedpopulationsofCpipienssubsppfrom
bothcontrolledanduncontrolledareasthroughoutthe
StateBy1970thissurveillanceprogramindicatedwide
spreadmalathionresistancefenthionresistanceappeared
definitealthoughlimitedmostlytoCoastalandSouthern
CaliforniaOccasionalhighlevelsoftolerancetoparathion
andmethylparathionweredetectedbutthesefindings
appeartoindicatetheupperrangeoftoleranceforthe
speciesratherthaninducedresistancesincethehighlevels
werenotgenerallyaccompaniedbyachangeintheslopeof
thelogdosageprobitlineThatistheLCLCratiowas
lessthantwofolddemonstratingalackofheterogeneity
consideredtobeanindicatorofincipientresistanceGillies

VectorControlSection5545EastShieldsAvenueFresno
California93727

2VectorControlSection714PStreetSacramentoCalifornia
958J4

CenterforHealthStatistics714PStreetSacramentoCali
fornia95814
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etal1968Pelsueetal1972Theresultsofprevioussur
veillanceagainstthisspecieshavebeensummarizedby
Womeldorfetal196619681971

During1974mosquitocontrolagenciesinNorthernand
CentralCaliforniareportedcontrolproblemswithseveral
organophosphoruscompoundsItwasnotpossibletotest
larvaefromallthesuspectareasbutlaboratorytestsagainst
larvaecollectedfromShastaSolanoCountyAlameda
CountySanMateoCountyTurlockandKingsMosquito
AbatementDistrictsconfirmedresistancetomalathion
parathionfenthionAbateandchlorpyrifosTheselevels
weregenerallyaccompaniedbyachangeintheslopeofthe
logdosageprobitlineasevidencedbyagreaterthantwo
foldLCLCratioFigures13illustratethelossof
susceptibilitytoparathionfenthionandchlorpyrifos s

shownby1974testscomparedtothoseofpreviousyears
TheLCLCratioisindicatedbyK

StrainsofGpipsubsppfromKingsandSanMateo
CountyMosquitoAbatementDistrictswerecolonizedat
theUniversityofCaliforniaRiversidewhereadditionaltests
wereperformedandreporteduponbyGeorghiouetal
1975Casehistoriesofthedevelopmentandimpactof
thisresistanceonmosquitocontrolhavebeenreportedfor
AlamedaCountyandSanMateoCountyDillandRoberts
1975andKingsMosquitoAbatementDistrictsStewart
1975During1975theVectorControlSectionplansto
testlarvaefromadditionalareaswithintheStatetodeter

minetheextentoftheresistanceproblemandtoinvestigate
alternativecontrolmethods
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ORGANOPHOSPHATERESISTANCEOFCULEXPIPIENSINTWOURBAN
MOSQUITOABATEMENTDISTRICTS ACASEHISTORY

CharlesHDillandFredCRoberts

ThehousemosquitoCulexpipiensisoneofthemost
importantofnineteenspeciesofmosquitoesfoundineach
ofthesehighlyurbanizedDistrictsTheirimportancestems
partiallyfromthepotentialabundanceofthesemosquitoes
capableofbeingproducedincatchbasinsstormdrains
septictanksandsumpsaswellasotherbreedingsources
Anothercontributingfactoristhelowtoleranceexhibited
bythepublictothisspeciesofmosquitowhichexhibitsa
propensityfortheindoorsatraitmakingevenlownumbers
ofthesemosquitoesobvious

CHEMICALHISTORY

Thetypesofsourcesproducingthehousemosquito
intheDistrictshavedictatedachemicalapproachto
controlThemostimportantsourcesarecatchbasin
andstormdrainsystemsfoundthroughouttheresiden
tialareasThesetypesofsourcesarenotreadilyamen
abletosourcereductionmethodsbecauseofcostfactors
Thesolutiontotheproblemhasbeenachievedthroughthe
useofchemicals

ALAMEDACOUNTYMADIn197392ofthetotal
controleffortdirectedatCulexpipienswaschemicalin
natureTherecordssuggestthatheavyrelianceuponchem
icalstocontrolthisspeciesbeganearlyintheDistricts
history

In1934fouryearsafterformationoftheDistricta
chemicalprogramwasinitiatedtocontroltheproductionof
thehousemosquitoinundergrounddrainsystemsThepro
gramconsistedofapplyingoiltodrainsandcatchbasins
inthevicinityofcomplaintsbutduetothelackofadequate
equipmenttoofewweretreatedandtheresultswerejudged
tobepoorIn1935routineoilingofcatchbasinswascar
riedoutintheDistrictwithathreewheeledmotorcycle
Approximately10000basinsneededtreatmentthemost
productiverequiring812applicationsperyearTheoiling
programprovidedgoodcontrolofthemosquitopopulation
butwassuspendedwiththeadventofWorldWarIIThe
greatestnumberofcatchbasinsevertreatedwithoilinone
season46271occurredin1937

In1945DDTwastestedincatchbasinsandfoundtobe
highlyeffectiveandby1947thecatchbasinstormdrain
treatmentprogramwasestablishedusingDDTratherthan
oilTheresidualeffectofDDTwasimmediately apparent
intheoperationaldataOnly4072basinsweretreatedin
1947comparedtoanaverageofmorethan30000whenoil
wasusedInsteadofthe8ormoreretreatmentsthatwere
necessaryinthecatchbasinsusingoilonlyonein40catch
basinsrequiredanadditionaltreatmentwithDDTThe

1SanMateoCountyMosquitoAbatement District1351Rollins
RoadBurlingameCalifornia94010

2AlamedaCountyMosquito AbatementDistrict3024East7th
StreetOaklandCalifornia94601
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numberofDDTtreatedbasinspeakedat39546during
1961ThetremendousincreaseinDDTtreatmentssince
1947cannotbeattributedonlytotheadditionofnew
catchbasinsManybasinswerebeingtreatedthreeormore
timesperyearinordertoprovideeffectivecontrol

In1964fieldtestsweremadetocompareDDTwith
fenthionTheeffectivenesswasassessedbythetimeinter
valbetweenrequiredtreatmentsTheresultsofthetests
showedfenthiontobemoreeffective

TheDistrictbeganusingfenthioninthebasinsin1964
Thenumberoftreatmentsremainedapproximatelythesame
aswithDDTThetotalnumberofcatchbasinstreatedper
yearwithfenthionhasremainedessentiallythesameto
dateThisyearsomeofthemostproductivebasinswere
treatedseventimesDuringthepeakbreedingseasonsome
weretreatedasfrequentlyaseverytwoweeksAfter1970
Dursbanwasusedselectivelyinspecifiedcatchbasins

SANMATEDCOUNTYMADTherearefewhistorical
recordsavailableconcerningcatchbasinsIthasonlybeen
since1954thatthenumberofbasinstreatedyearlywas
publishedintheannualreportandonlysince1968thatre
cordswerekeptthatdelineatedtypesandamountsofchem
icalsusedincatchbasinworkFenthioncameintogeneral
usein1970beingprecededbydiazinonwithanaverageof
threetofourapplicationsperseasonDiazinonwasnotused
after1971In1973someareaswhichwereconsideredto
behotspotsthatisareaswherebreedingfrequentlywill
generateservicerequestsweretreated5or6timesIn1974
adifferentapproachtocatchbasinworkwasinitiated
Basinsweretreatedregularlyonlywhentheywereconsid
eredhotspotsortheyweretreatedasaresultofservicere
questsThisapproachresultedinasavingof14manmonths
248hourstotheDistrictandaconsiderablereductionin
thenumberofbasinstreatedNoappreciableincreaseinser
vicerequestswasnotedthatcouldbeattributedtothis
changeinoperationalprocedure

DETECTIONOFRESISTANCE

Monitoringofsusceptibilitylevelsoflocalmosquitopop
ulationswasinitiatedincooperationwiththeVectorCon
trolSectionoftheStateDepartmentofHealthin1972

ALAMEDACOUNTYMADTheresultsofsometests
onCulexpipienssuggestedresistanceduringthefirsttest
year1972Testingin1973waslessfrequentbutsamples
containingCpipienscontinuedtosuggestpossibleresist
anceBy1974fullblownfenthionresistanceinCpipiens
wasdocumentedwhennumeroustestsshowedhighLC50
valuesWhenthelocationsofthesampleswereplottedona
Districtmapadistributionpatternemergedindicatinga
largeareaofresistancefromOaklandsouthtoFremont
Thisareaofhighresistancewasborderedonthenorthand
eastbymoresusceptiblepopulationsofthesamespecies



UponfirstglanceatDistrictoperationaldatathehigh
levelsofresistancemightappeartobealaboratoryphenom
enonsincenoincreaseinservicerequestsandnoapprecia
ableincreaseincontroleffortofCpipiensisevidentAp
proximatelythesamenumberofcatchbasinsarebeing
treatedperyearandmostimportantonlyonedocumented
fieldfailurehasoccurredClosescrutinyoftherecentcatch
basintreatmentprogramhoweverrevealsinformation
whichsupportsthelaboratoryfindingsThecertifiedtech
niciansoverthelastfewyearshavebecomemoreselective
intheirtreatmentsofcatchbasinsSelectedcatchbasinsare

nowtreatedmuchmorefrequentlythaninthepast
Evenmoredramaticevidencewasprovidedbyinterpre

tationoftheresultsoffieldtestsconductedtoestablishre
treatmentschedulesforetchbasinsOnthebasisofthese

testsoperationalpersonnelestablishedretreatmentcycles
exceedingamonthforcatchbasinsin1964After10years
offenthionusagetreatmentcyclesonsomecatchbasins
wereatintervalsoflessthantwoweeks

AreviewoftheDistrictschemicalhistorystronglysug
geststhesamekindofscenariooccurredwithDDTIn1947
thenewlyacquiredDDTwasusedonceayearinmostba
sinsBy1961recordsindicatethreeormoretreatments
wererequiredItappearsthatanimpendingcontrolbreak
downwasavertedbyshiftingtofenthionin1964

SANMATEOCOUNTYMADResistancetestsbeganin
1973Mostofthetestsrunthatyeinthelaboratorywere
intendedtoperfecttechniquesaswellasprovidesuscepti
bilitylevelsoflocalmosquitopopulationsThehighlevels
foundduringthetwoyeartestingperiodhavebeencon
firmedbytheVectorControlSectionoftheStateDepart
mentofHealthandalsothisyearbyDrGeorghiouofthe
UniversityofCaliforniaatRiversideThefielddatacatch
basinschedulesasinAlamedagavenosuggestionofthe
developingresistanceThenumberoftreatmentsperseason
remainedrelativelystableasdidthenumberofbasinsRe
sistancelevelswerefairlyunformthroughouttheDistrict

SOLUTIONS

Beforesolutionscouldbeproperlyformulatedathor
oughanalysisoftheavailabledatawasnecessarytoprovide
aclearstatementoftheproblemHopefullyonepitfallwas
avertedveryearlyintheprocesswhenbothDistrictsavoided
definingresistanceastheultimateproblemResistance
afterallisawelldocumentedpredictablebiologicalphe
nomenonItsappearancesimplyindicatedtheexistenceof
inadequaciesinthecontrolprogramsofbothDistricts
Thereforetheprobleminneedofsolutionistobefoundin
thecharacteroftheprograms

Intensiveprogramreviewsessionswereconductedby
bothDistrictsduringthewintermonthstoestablishabasis
fortheformulationoffuturecontrolstrategiesTheseinde
pendentsessionsuncoveredanumberofcommoncharacter
isticsthatappearedcentraltotheproblem

1Chemicalswerebyfarthemostheavilyreliedupontech
niqueusedtocontrolthehousemosquito

2Aslongasinexpensivereplacementchemicalswereavail
ablethechemicalinusewaschangedbeforeresistance
inducedfieldfailuresbecameapparent

3Theexistingmethodsusedtocollectandinterpretoper
ationaldataandthefieldinspectionprocedureswere
insufficienttodetectcontrolfailures
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4BothDistrictslackedclearobjectivesdefiningthelevel
ofcontroltobeprovidedControloperationshadevolved
overalongperiodoftimetothepointthatthetreat
mentofmanycatchbasinandstormdrainsystemsoc
curredwhetherornotitcouldbereasonablyinferred
thattheywouldcausecomplaints

Thefollowingprogramwasplannedforthecontrolof
thehousemosquitoinbothDistrictsfor1975

1Effortswillbemadetogainthecooperationofpublic
worksdepartmentsofthevariouscitiesinattempttoco
ordinatetheirstormdraincleanoutprogramstosupple
mentourcontrolprograms

2Treatmentofcatchbasinsandstormdrainswillbe

accomplishedwithalarvicidaloilAbateorDursban
maybeusedwhenCulexpipiensisfoundinsourcesthat
cannotbetreatedwithoilsorwhenadequatecontrol
cannotbeobtainedwithalarvicidaloil

3Wherepossibleselectedcatchbasinsthathadbeen
treatedroutinelyinthepasthavebeendesignatedtobe
treatedonthebasisofservicerequestsonly

4Onlythosecatchbasinsthatwhenbreedingandare
knowntocauseservicerequestswillbetreatedonarou
tinebasisTheapproachoutlinedinsteps3and4was
usedsuccessfullybySanMateoCountyin1974

5Effortsarecurrentlyunderwaytodeterminethefeasibil
ityofcontrollingadultmosquitoesattheirrestingsites

6Thesusceptibilityofthehousemosquitotovariousin
secticideswillcontinuetobemonitored

7Moreemphasiswillbegiventoposttreatmentinspec
tions

SUMMARYANDCONCLUSIONS

Thehistoryofchemicalsappliedtothehousemosquito
CulexpipiensintheAlamedaandSanMateoCountyMos
quitoAbatementDistrictsleaveslittledoubtthatweare
dealingwithinsecticideinducedresistanceBothDistricts
havemadesignificantchangesintheircontrolstrategiesto
adapttothenewlimitationscreatedbyresistanceThenew
controlprogramsreducerelianceuponchemicalsthrough
moreselectivetreatmentproceduresandmoreemphasison
alternativeapproachesEarlyindicationsfromthe1974con
trolprogramofSanMateoCountyMosquitoAbatement
Districtsuggeststhisapproachmayprovidesignificant
savingsofmanhours

Otherbenefitsshouldbederivedbyareductioninhan
dlinghazardsandloweringenvironmentalcontamination
risksusuallyassociatedwiththeexcessiveuseofchemicals

ThesenewprogramsarecertainlynotwithoutriskThe
programsassumethatcitizenswilltolerateasomewhat
higherlevelofthehousemosquitothanhasprevailedinthe
pastatleastduringthatperiodwhentheapprovedchemi
calswerehighlyeffectiveOneshouldnotconcludehere
thatweareloweringstandardsofmosquitocontrolWeare
simplyrecognizingthatinthepastanunnecessarilyhigh
levelofcontrolwasestablishedthroughtheuseofeffective
andinexpensivechemicals

Thefutureoftheseprogramsmayverywellbedeter
minedbytheeffectivenessofpubliceducationwithinthe
Districts



InsecticideresistanceisnostrangertoKingsMosquito
AbatementDistrictOnlyrecentlyitwasnotedthatCulex
pipiensquinquefasciatusSayhadalsobecomeresistantto
organophosphatesBecauseofthelargenumberofsources
forthismosquitoinKingsMADitisofmajorconcernto
keeppopulationsbelownuisancelevelsOneofthemajor
sourcesforthesemosquitoesaredairydrainsThedrains
varyinsizefromafewhundredsquarefeettothousandsof
squarefeetandindepthfromapproximately5to40feet
Dairydrainscontainalargeamountofdispersedorganic
matterDursbanhasbeenfoundtohavelongresidual
activityinpollutedhabitatsSchaeferandDupras1970
ThislongresidualactivitymakesDursbananexcellentin
secticideformosquitolarvaeindairydrainsInmostareas
Dursbantreatmentsgavesatisfactorycontrolbutbeginning
inAugust1974anumberoffailureswerenotedindairy
drainsThesefailuresbecamewidespreadastheseasonpro
gressedLighttrapcountsforfemalesofthisspeciescon
tinuallyincreasedfromAugustuntilmidOctober1974
Comparingthisrecordwith1973countsFigure1itis
apparentthatcontrolmeasuresfailedin1974
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CULEXPIPIENSQUINQUEFASCIATUS

RESISTANCETOCHLORPYRIFOSANDOTHEROPCOMPOUNDS

JonasPStewart

KingsMosquitoAbatementDistrict
PostOfficeBox907HanfordCalifornia93230

1Apr 1 1 May 1 1June 11July 1 1Aug 1 1 Sept 1 1 Oct

Figure1AverageweeklycaptureofCulexpipiensquinquefasciatusfemalesfrom15NewJerseylighttrapsfor1973and
1974
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MATERIALSANDMETHODSThelarvaetestedwere
fromtreatedanduntreatedsourcesTheinformationpre
sentedherewasbasedonsampledareasManymoresources
aresuspectedofhavingresistantpopulationsMethodsem
ployedinthesurveillanceprogramhavebeendescribedby
GilliesandWomeldorf1968Iwasunabletomaintaina
constant7075for24hoursasissuggestedTemperatures
rangedfromapproximately70F 10FTwentyfivelar
vaewerepickedatrandomfromcupsandidentifiedto
speciesAllsourcesshowed25outof25Culexpipiensquin
quefasciatusexceptwherenoted

RESULTSTable1liststhedataforeachsourcetested

bychemicalLCLCLCratioandLC re

sistantstrainaverageLCsusceptiblestrainExceptfor
Fresnosusceptiblestrainallpopulationstestedarearranged
accordingtoincreasingLClevelSourcenumber1was
treatedoncein1974attherateof2lbfenthionacreby
fixedwingaircraftAnadjacentalfalfafieldwassprayed
fivetimesin1974atthesamerateSprayrecordsfor1972
and1973showsimilarapplicationsoffenthioncomparedto
1974Apparentlyfenthionapplicationshadlittleeffectif

1974Season

1973Season



Table1ComparisonoforganophosphoruslevelsforfieldcollectedlarvaeofCulexpipiensquinquefasciatuswithsuscep
tiblelabstrains

Source

FresnoStrain

FresnoStrain

FresnoStrain

FresnoStrain

FresnoStrain

a

103067

5868

41469

991669

1775

1 ToledoDairyDrain
2 PinkHouseSepticSystem
3 SpatfordSepticSystem
4 MiddletonandMaloneCatchBasin
5 GAvilaDairyDrain
6 JCaetanoDairyDrain
7 VBettencourtDairyDrain
8 GiacomazziDairyDrain
9 JohnAvilaDairyDrain

10 JOliveiraDairyDrain
11 FBaderDairyDrain
12 KnudsonDairyDrain
13 PeoplesDitchHanford
14 PauloDairyDrain
15 CamaraDairyDrain
16 LawrenceDairyDrain
17 ASilvaDairyDrain
18 BezerraDairyDrain

LCRstrainAverageLCSstrain

LC50
inppm

0008

00065

0009

00052
00098

average

LC50
00075

LC
inppm

0005

00076

00062

0014

0018

0045

0022

0066

010

0020

013

007

012

01

034

0063

0016

020

anyonthemosquitolarvaetodevelopcrossresistanceto
DursbanSourcenumber2and3areseptictank
systemsthathaveneverbeentreatedwithorganophos
phatesTheSpatfordseptictanksourcenumber3 is

adjacenttocottonfieldsThesefieldsweresprayedtwice
withThimet1OGorganophosphateattherateof3lb
acreinAprilandSeptemberbeforetheresistancetestwas
madeinNovemberThethreefoldresistanceleveltoDurs

banisslightbutitcouldbedueinparttotheThimetappli
cationsSourcenumber4isatypicalcatchbasinthathad
beensprayedwith1Dursban2030granuleseverytwo
weeksfortheentiresummerNolarvaldevelopmentwas
notedpriortotestinginNovemberSprayingstoppedin
earlyOctoberSourcenumber5isadairydrainlocated
nearpeachandnectarinetreesThedairydrainitselfwasnt
sprayedthisyearandonlytwicelastyearwith2lbfen
thionacreNumerousapplicationsofparathionDiazinon
DibromandLannatewereappliedwithinatwomile
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Chlorpyrifos

LC90 LC
inppm LC50

001

00092
0012

00066

0013

average

LC90
0010

LC LC ResistanceRatio

inppm LC RSt

0014

0015

003

0043

009

01

012

013

014

015

017

035

036

047

082

097

14

160

125

141

133

125

133

average

LCLC
131

Chlorpyrifos

28

197

484

307

500

222

545

197

140

75

131

500

300

470

242

153

875

90

14

15

30

43

90

100

120

130

140

150

170

350

360

470

820

970

1400

1600

radiusofthisdairydrainin1974Theresistanceratioof
ninecouldbeduetotheseapplicationsoforganophosphates
butinmytestingInoted8CulextarsalisCoquillettItis
myopinionthatthislatterconditionbroughtaboutthe
levelofresistancenotedsinceCulextarsalispopulations
havebeenresistanttoDursbaninKingsMADforseveral
yearsIwillhavetotestthissourcemoreextensivelyinor
dertomakeabetterjudgementofresistance

Sources6through18weretreatedanaverageof
fivetimeswith8to60ozDursbanEC4lbAIgalper
sourceDursbanconcentratewaspouredintoonepartof
sourceandallowedtospreadthroughoutthevolumeof
waterTwoofthesesources12and15 werechecked

foragriculturalchemicalapplicationsSourcenumber12
had93applicationsoforganophosphatesandcarbamates
withina2mileradiuspriortoresistanttestSourcenum
ber15had137applicationsofthesameclassesofin
secticideswithinthesameradiusDuetothevarietyofin



secticidesusedinandaroundsources6through18it
isdifficulttodetermineifcrossresistancetoDursbanis
occurringFigure2showsthegeographicaldistributionof
sourcestested

UsingtheinterpretationofresistanceforAedesnigro
maculisLudlowGilliesWomeldorfandWhite1968the
LC90LC50ratioscanbeexplainedforCulexpipiensquin
quefasciatusHomogeneoussusceptiblepopulationsgener

allyhaveanLCapproachingbutnotexceeding2times
theLCAstheproportionofmoreresistantindividuals
inthepopulationincreasestheLCratioincreases
togreaterthan2Whenresistanceiswellestablishedthe

LCLCratioagainapproaches2duetotheelimination
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ofthemoresusceptibleindividualsfromthepopulation
Thisshowsthatsourcenumber2 Table1isahomogen
oussusceptiblepopulationSources8 9 and11are

homogenousresistantpopulationsThusthemajorityof
populationstestedareheterogenousresistantpopulations
andhavenotasyetreachedthehomogenousresistantlevel

FenthionisrarelyusedforcontrolofCulexpipiens
quinquefasciatuslarvaeinKingsMADBecauseofthisI
listedonlythreetestedsourcesSourcenumber1was
treatedfourtimesin1974withfenthion21bacrepriorto
testingSources2and3werenevertreatedwithfen
thionin1974Sourcenumber2wastreatedfivetimes
withDursbanEC4lbAIgalFourapplicationsof30oz
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andoneapplicationof60ozwereappliedpriortotesting
Sourcenumber3wastreatedthreetimesatanaverage
applicationof13ozAmoderateresistancelevelforpara
thionmethylparathionorfenthionhasbeendetermined
tobe01ppmGilliesetal1974TheLClevelsTable2
show47to74timesthislevel

DISCUSSIONOilsweresprayedindairydrainswhen
resistancewasnotedUnlesssoneotherinsecticideisfound

toreplaceDursbanoilswillhavetobesubstitutedforDurs
banapplicationsinthefutureUnfortunatelyoilshave
littleresidualactivityThismeansdairydrainswillhaveto
betreatedalmostweeklyinsteadofeverythreeorfour
weeksaswasthecasewithDursbanconcentrate

CatchbasinsproducelargenumbersofCulexpipiens
quinquefasciatusDursban1sandgranules2030mesh
aresprayedintothesepotentialsourceseverytwoweeksbe
tweenMarchandOctoberIcheckedhundredsofthesein
1974forfailurestoDursbanAfterfindingonlyoneor
twofailuresIwonderedwhyresistancehadnotdeveloped
likeithadinthedairydrainThroughthewaterdepart
mentinHanfordIlearnedthattheaveragecatchbasin
holds50gallonsofwaterBycalculatingtheapplicationrate
inpoundsofactualconcentrate000625lbscatchbasin
Ideterminedthatthetheoreticalinitialconcentrationwas

149ppmThisconcentrationisfarabovetheresistance
levelsinKingsMADforthismosquitoandinsecticide
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Table2Comparisonoforganophoshoruslevelsfor
fieldcollectedlarvaeofCulexpipiensquinquefasciatus

Source LC50

1TAvilaSlough 0047

2KnudsonDairyDrain074
3ASilvaDairyDrain074
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EVIDENCEOFORGANOPHOSPHORUSMULTIRESISTANCEIN

CULEXPIPIENSQUINQUEFASCIATUSANDCULEXPIPIENSPIPIENSINCALIFORNIA

GPGeorghiouVAriaratnamMEPasternakandChiSLin

UniversityofCalifornia
DivisionofToxicologyandPhysiologyDepartmentofEntomologyRiversideCalifornia92502

Ofmajorinterestduring1974hasbeentheemergenceof
organophosphorusmultiresistenceinCulexpipiensquinque
fasciatus fatigansintheSanJoaquinValleyBecauseof
thegravesignificanceofthisphenomenonwehavedevoted
alargeshareofourtimeandresourcestoitsinvestigation
Belowwedescribebrieflytheresultsobtained

aSpectrumofresistanceBioassaydataontwostrains
CamaraandKnudsencollectedfromdairydrainsnear
HanfordCaliforniainSeptember1974indicatethepres
enceofresistanceinvolvingthemainorganophosphates
OPuseduptonowinmosquitocontrolEspeciallyhigh
resistancecomputedatLClevelswasfoundatCamara
forchlorpyrifos522xfenthion489xAbate1167x
methylparathion24xmalathion164xandparathion
129xFigures13Resistanceextendstorelatedmater
ialsbyvirtueofcrossresistanceasindicatedbya124xin

creaseinLCforfenitrothionacompoundstructurally
relatedtomethylparathionandan833xincreasefor
chlorpyrifosmethylNeitherofthesehasbeenemployed
formosquitooragriculturalpestcontrolintheareaThus
thepopulationhasdevelopedatruecaseofOPmulti
resistanceinvolvingcompoundsofdiversechemicalcon
figuration

Asanadjuncttothisstudywealsoinvestigatedareport
ofpossibleOPresistanceinCulexpipienspipiensinSan
MateoandRedwoodCityFigures13Wehavefoundthat
resistanceinthesepopulationsisatpresentlimitedtofen
thionatmodestlevelsof83x132xHoweverlowlevelsof
tolerancearealsoevidenttowardtheothercommonOPs

testedandthusfuturetrendsinsusceptibilityofthesepop
ulationsmustbecloselymonitored

bPrecipitatingfactorsTherecouldbenodoubtthat
thedevelopmentofmultiresistanceistheconsequenceof
prolongedandintensiveselectionbythemultitudeofchem
icalsusedinmosquitocontrolDataoninsecticideusage
againstmosquitoesinCaliforniasummarizedinTables13
indicatethathighlevelsofresistancearefoundtowardin
secticidesusedinthelargestquantitiesieparathionmala
thionfenthionandmethylparathionIndirectselectionby
agriculturalinsecticidesisalsoimplicatedinresistancedata
assembledfromcomputerizedrecordsavailableattheUni
versityofCaliforniaDavisindicatethattwiceaslargea
quantityofOPswasappliedwithina34mileradiusfrom
CamaraasfromKnudsenconsistentwiththedetectionof
higherresistanceatCamaraAtthespecificsourceofeach
collectionwehavefoundthatthebreedingsiteshadbeen
treatedduring1973and1974with4to8applicationsof
chlorpyrifosperyearutilizingadoseofapproximately1lb
activeingredientperacreienearly10timesthenormal
rateFromtheinformationsummarizedabovewecon
cludethattheobservedmultiresistancecontainstheingre
dientsoflongstandingselectionbyavarietyofinsecticides
applieddirectlyandindirectlyagainstthepopulationcli
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Figure1RelativesusceptibilitytoAbateandchlorpyri
fosinCpquinquefasciatusSKnudsenandCamara
strainsandCppipiensSanMateoRedwoodCitystrains
inCalifornia1974

maxedbythespecificpressureexercisedatthecoreofthe
populationbytherepeatedapplicationofchlorpyrifos

cTheroleofsynergistsInordertogainaninsightinto
themechanismsofresistanceanumberofOPsweretested

withthesynergistspiperonylbutoxidepbSSStributyl
phosphorotrithioateDEFandtriphenylphosphateTPP
Pbexhibitedpracticallynosynergismorantagonismin
dicatingthatmixedfunctionoxidaseMFOenzymesare
notinvolvedinresistanceIncontrastDEFexhibitedare
markabledegreeofsynergismofOPsintheRstrainresult
inginalmostcompleteeliminationofresistanceInall
casesDEFrestoredthetoxicityoftheinsecticidetonear
thelevelfoundintheSstrainThiseffectwasmostpro
nouncedinthecaseofchlorpyrifosTheseresultsinaddi
tiontosuggestingthathydrolyticesterasesinhibitedby
DEFareresponsibleforresistanceprovidecluestopossi
blecountermeasuresagainsttheRstrain

dAlternativechemicalsagainstresistantCquinque
fasciatus Becauseofthepressingneedtoidentifysubsti
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Table1Relativeusageofvariousinsecticidesagainst
ing196069

Organochlorine
DDT DDD

Perthane

Thiocyanate
Lethane

Organophosphate
Malathion

Parathion

Methylparathion
Fenthion

Other

Carbamate

Propoxur

Totalamount

Kilosx1000
Oils

galsx1000
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42

98

95

90

80

70

60

50

40

30

20

10

5

201

REDWOOD KNUDSENA
SANMATEO

CAMARA

MALATHION

n 3

10

DOSAGEppm

Figure3RelativesusceptibilitytomalathioninCp
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1974

tutechemicalsforpossibleuseagainsttheresistantpopula
tionseveralexperimentalcompoundsavailableunderthe
WHOTestingProgramrepresentingOPscarbamatesor
ganochlorinespyrethroidsandIGRsweretested

TheresultsindicatethatthebroadspectrumofOPre
sistancediscussedaboveextendsalsoatrelativelyhighlevels
tonewexperimentalOPsasChlorphoximCyanoxand
CelamerckS2957CompoundCibaGeigy18809issus
pectedtoactasacarbamateaftercleavageofthephosphate
moietythusdemonstratingarelativelylowresistanceratio
of36xSimilarlyOMS1653and1657twoNsulfenylated
derivativesofthecarbamatescarbofuranandnropoxurre

CulexsppmosquitoesintheCentralValleyofCaliforniadur

PercentWithinYearIndicated

Insecticide 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969

429 301 244 143 37 37 03 03 10 04

98 115 72 69 129 136 230 92 160

92 35

401 476 373 461 583 471 376 92 50 57

105 158 219 281 261 268 207 212 187 152

64 45 42 28 34 52 152 244 195 316

01 02 06 14 14 40 120 210 265 256

01 01 03 03 06 09 109 18

02

544 501 500 372 421 328 277 244 211 287

1939 1804 1807 1241 1452 1094 1224 1109 966 458

aMainlyCulexfatigansandCtarsalisDatafrom19MosquitoAbatementDistrictsrespondingtosurveyquestionnaire



Table2RelativeusageofvariousinsecticidesagainstAedessppmosquitoesintheCentralValleyofCaliforniaduring
196069

PercentWithinYearIndicated

Insecticide 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969

Organochlorine
DDT DDD 36 36 25 21 04 01 01 01
Perthane 09 04 03 03

Thiocyanate
Lethane 04

Organophosphate
Malathion 421 368 330 396 457 325 255 81 65 41
Parathion 503 582 634 535 460 400 204 152 107 99

Methylparathion 39 04 21 32 64 239 311 228 131

Fenthion 01 05 07 27 43 205 296 450 521 655
Other 02 06 06 78 33

Carbamate

Propoxur 33

Totalamount

Kilosx1000
Oils

galsx1000

401 353 417 366 398 404 385 355 327 413

582 599 493 585 461 281 251 216 211 90

aMainlyAedesnigromaculisDatafrom19MosquitoAbatementDistrictsrespondingto surveyquestionnaire

Table3RelativeusageofvariousinsecticidesagainstmosquitoesallspeciesinCaliforniaduring196873

PercentWithinYearIndicated

Insecticide

Organochlorine
DDTPerthane

Thiocyanate
Lethane

Pyrethrins
Organophosphate

Malathion

Parathion

Methylparathion
Fenthion

Naled

EPN

Dichlorvos

Abate

Chlorphyrifos
Carbamate

Propoxur
InsectGrowthReg

Altosid

1968 1969 1970

aCompiledfromrecordsinCaliforniaMosquitoControlAssociationYearbooks19691974
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1971

03 52 08 01

1972 1973

38 15 09 08 10 31

01 02 01

70 46 43 90 102 103

171 159 299 223 170 155

209 226 117 47 106 72

432 449 452 499 466 459

38 05 05 10 11 29

32 06 15 04

05 03 03 05 03 06

01 03 03 12 07 06

01 28 21 41 44 45

08 24 60 79 92

01

Totalamount 831 1082 906 535 411 495

Kilosx1000
Oils 3627 3598 3482 4417 5288 7348

galsx1000



spectivelyarenearlyastoxictotheRastotheSstrain
Sulfenylationofthesecarbamateshasresultedinaremark
ableincreaseintheirlarvicidalactivityapprox26xover
theparentcompoundsthusplacingthemwithintheactiv
ityrangeofothereffectivelarvicides

TheRstrainwasalsofoundtobesusceptibletoOMS
1476abiodegradableanalogofDDTsynthesizedbyRL
MetcalfOfconsiderableinterestistheapparentabsenceof
crossresistancetothesyntheticpyrethroidscismethrinand
biopermethrinUnlikenaturalpyrethrinsandrelatedsyn

INVESTIGATIONSINTOTHECULTUREANDWINTERMAINTENANCEOF

Asimulatednaturalhabitatwasestablishedinfourlarge
concretebasins328900gallonstotalcapacitywhenfilled
toadepthof12mlocatedatConcordCaliforniaAtotal
of1275ripefemaleGambusiaaffinisinadditionto78lbs
ofimmatureandmalefishwasstocked betweenthe

monthsofMayandAugust1974Watertemperatureranged
from193Cto268Cmean232Cduringthesemonths
ThefishwerefedPurinaTroutChowsizenumber1ina

feedingscheduleincreasingfrom05ofbodyweightday
inMayto23inSeptemberaverage13duringtheen
tireperiodThefeedingschedulesupplementedtheavail
ablenaturalfoodpresentinthebasinsAttheendofSep
tembertheyieldofGaffinistotaled141Ibs102297
fishbaseduponanaverageof725fishlbThecostof
rearingthesefishbaseduponwaterandfoodamountedto
2471b

Concurrentlywiththecultureprogramlaboratoryex
perimentswereconductedatvarioustemperatureandpho
toperiodranges120C295C815hoursphotoperiod
todeterminetheoptimalbreedingconditionsforGaffinis
Droppedyoungwerecollectedandcountedfromgravidfe
malesenclosedinbreedingchambersunderthevariouscon
ditionsNumbersofyoungperfemalerangedfrom16to73
withameanof42419basedupon33observationsMini

GAMBUSIAAFFINISPISCESPOECILIDAE

CliffordRJohnson

UniversityofCalifornia
DivisionofBiologicalControl1050SanPabloAvenueAlbanyCalifornia94706

ABSTRACT
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theticpyrethroidsbiopermethrinisphotostableandthus
holdspromiseasalarvicideagainstRstrains

The1GRchemicalsmethoprene Altosidajuvenile
hormonemimicandDimilin TH6040aninhibitorof
chitinsynthesismanifestoutstandingactivityagainstboth
SandRstrainsHoweverthelowlevelofcrossresistance

towardmethoprene49xshouldbenotedinviewofthe
successfulselectionofCtarsalisandMuscadomesticain

ourlaboratoryforhighertolerancetowardthiscompound

malbreedingoccurredat128C128C145Cbutop
timalresultswereobtainedatfrom212Cto240CA
photoperiodof12to15hoursofartificiallightcentered
about1200hourswasoptimalOvercrowdingincreased
mortalityanddiseaseincidenceapproximately20adult
fishgallonwasmaximumforgoodbreedinganddiseasepre
vention

Thesuccessofthesummermassrearingprogramdepends
uponthecapabilityofholdingfishthroughthewinterfor
thespringreplenishmentofbreedingstockandtohavefish
availableforfielddistributionpriortothesummerproduc
tionperiodPreliminaryfindingsfromlaboratoryinvestiga
tionsindicatethattemperaturesof128Cto130Cincon
junctionwitha6hourphotoperiodwillproducethede
siredresultsAlthoughthesedataarebaseduponlownum
bersoffishapproximately1000preparationsareunder
wayforconductingsimilarexperimentswithsamplesof
100000to200000fish

Theutilizationofwarmwaterderivedfromthecooling
systemsatPacificGasandElectricCompanyinstallations
andthedevelopmentofanexperimentalsubmergeden
closedwaterheatingsystemweredescribedanddiscussedin
relationtocultureandoverwinterholdingofGambusia
affinis



MOSQUITOFISHCULTUREANDEMPLOYMENTINTHESUTTERYUBA

MOSQUITOABATEMENTDISTRICT APROGRESSREPORT

RobertLCoykendall

SutterYubaMosquitoAbatementDistrict
925MarketStreetYubaCityCalifornia95991

Riceisthemajorcashcropproducedinthistwocounty
Districtandabout100000acresareplantedtoriceannual
lyBlanketchemicalcontrolofthemosquitoesproducedon
thisacreagehasalwaysbeenandwillmostlikelycontinue
tobetooexpensiveforseriousconsiderationPhysicalcon
trolmethodscanbeemployedtomodifyonlythosemos
quitosourcesintheseepageanddrainagemarginsatthe
perimetersofthericefieldssovastareasofstandingwater
remaininthefieldsthemselveswhichrequiresomeformof
controlmethodology

Inadditiontothesemosquitosourcesaremanyother
permanentandsemipermanentwaterswherenonbiological
methodscantbejustifiedwithregardtothepotentialen
vironmentaldegradationortotheexorbitantexpenditure
ncessarytochemicallycontrolmosquitoproduction

SutterYubaMosquitoAbatementDistricthasbeenac
tivelyengagedinusingthemosquitofishGambusiaaffinis
Baird Girardinitsoverallcontrolprogramsince1963
Mostfisharecapturedinlargenumbersatnumerousmuni
cipalsewagetreatmentfacilitieswheretheygrowandrepro
ducerapidlyinthenutrientrichwatersofthoseoxidation
impoundmentsUnfortunatelymanyofthefishinthe
SacramentoValleyimpoundmentsarelostinthewinter
monthsduetoanaerobicconditionswhichcandevelopAt
higherelevationsmoresolarenergyusuallyreachesthe
pondsduringthesameperiodandbetteroverwinteringsur
vivalisusuallyobservedAsaresultofthewinterdieoffs
notnearlyenoughfishcanbecapturedatallourmunicipal
sourcestosatisfyourricestockingneeds

Mosquitofishwerescreenedasbiocontrolagentsquite
sometimeagoandaftermuchcarefulconsiderationwhich
tookintoaccounteconomicecologicalandphysicalevalu
ationourDistrictnowbelievesthatthisfishcanprovidea
viablesolutiontothericefieldmosquitoproblemSome
competentresearchershaveassertedthatsmallandpossibly
endangeredpopulationsofnativefishspecieswerecompeti
tivelyreplacedbythemosquitofishshortlyafteritsintro
ductionMiller1961Myers1965andMinckleyandDea
con1968HoweverintheSacramentoValleymosquito
fishhavebeenemployedformosquitoabatementpurposes
since1922andanypotentialdeleteriouseffectstheymay
haveexertedonindigenousfishesprobablytookplacemany
yearsagoThisdoesntmeanhoweverthatweoranyother
agencyshouldeverconsiderstockingnewsourceswithany
biocontrolagentwithoutadequateknowledgeastothepo
tentialecologicalresultsOurDistricthasalwaystriedto
communicateandcooperatewithresourceagencieswithre
gardtoourbiocontrolprogram

WithinthejurisdictionalconfinesofourDistrictmost
ofthesourcewatersstockedwithmosquitofishcouldbe
consideredartificialinthattheyhavebeeneitherconstruct
edorextensivelymodifiedbymanfordomesticrecrea
tionaloragriculturalpurposesRiparianandestuarinewaters
thatmayeventuallyreceiveourfishortheiroffspringusual
lycontainmanypredatoryspecieswhichundoubtedlyprey
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uponthesefishsothatfewifanyarelikelytosurviveto
colonizenewhabitatswheretheycouldconceivablycom
petewithendemicfishpopulations

Stockingfishinriceispresentlycompletedduringthe
irrigationfloodingofthefieldsinMayandJuneFairlyre
centfieldexperimentationhasshownthat06poundsof
mosquitofishinitiallystockedperacrewillreproducetothe
extentthattheyandtheiroffspringwillbeableundertyp
icalcircumstancestoconsumemostofthelarvalmosqui
toesHoyKauffmanandOBerg1972Inordertostock
thisDistrictsricealmost60000poundsoffishwillbe
neededTodatetheDistricthasbeenabletostockonly
about10000acresofriceannuallybecauseoflimitedfish
availability

Twoyearsagowetriedtorecapturemosquitofishfrom
ourricefieldsduringthefalldrainingpriortoharvestand
didplantooverwinterthemforourusethefollowing
springThistechniquedidnotsucceedasthemajorityof
themosquitofishapparentlyresistedthewatercurrentsand
wereusuallylefthighanddryinthedrainedricefield
Otherfishspeciesnotablycarpminnowsandsunfishwere
foundinmostrecapturedfishstocksThiswouldindicate
thatallrecapturedfishwouldhavetobeexaminedandsep
aratedbeforetheycouldbeplacedinanoverwinteringsite

AsaresultofthisexperienceourDistricthasbeencon
ductingresearchtolearnhowtobestpropagateandover
winterlargenumbersoffishinpondsofourownMos
quitofishexhibitmarkedsexualdimorphismcannibalism
andnumerousotheruniquebehavioralcharacteristicsthat
willprobablyrequirethatculturaltechniquesandfacilities
beextensivelyalteredfromthoseemployedinotherwarm
waterfishcultureoperationsWemustdesignandconstruct
pondsthataffordmaximalprotectionfortheoffspringfrom
theirparentsWehaveconstructedseventeenpondsthat
offervariousdegreesofshelterbywayofbroadlittoral
areasthatbecomecoveredwithemergentvegetation

Winterobservationshavedemonstratedthatthesefish
preferdeeperwaterduringperiodsofinclementweather
althoughtheyusuallyreturntosurfacewatersonclear
calmdaysThereforeouroverwinteringponddesignshave
avarietyofdepthshopefullysupplyingapreferredhabitat
forallseasonsManyoftheponddesignswehaveconstruct
edthusfarhavebeenrectangularinshapeandhavesloped
substratestofacilitatedrainingandharvestoperations

AnattemptisbeingmadetosimulateAsianfishfarms
wherefloodirrigatedcroplandsareemployedtoproduce
grainsandfishInthesefacilitiesperimetercanalsusually
containtheadultbroodstockandthefloodedcropacreage
servesashabitatforthefryandasaproductionareafor
forageorganismsOurmodifiedversionhaschannelswith
evengreaterdepthforoverwinterwatertemperaturestabi
lity

Phytoandzooplanktonproductionforforagepurposes
ispresentlystimulatedthroughtheuseofgranularinorganic
fertilizersbutfuturecostconsiderationsmayrequirethat



weemployorganicfertilizerssuchaspoultrymanureWith
respecttoasupplementalfeedingprogramwehavescreen
edmanydifferentcommercialfoodpreparationsformos
quitofishproductionWearenowformulatingourown
floatingmashwhichcontainsprimarilygrainbyproducts
buthasaproteincontentinexcessofthirtypercentandis
onlyonethirdtoonehalfasexpensivetomillasthecom
mercialfeedsweevaluatedWebelievethatformulationre

finementswillresultinanevenbettersupplementaldietfor
ourfishTodistributethisfeedwhichwasformerlydone
manuallywehaveconstructedourfirstmechanizedbroad
casterwhichshouldreducernanpowercostssignificantly
Ourresearchfacilityandpilotfishfarmutilizeswellwater
exclusivelybutnoculturaleffluentsrequiringenviron
mentalagencymonitoringresultfromthisuseasflow
throughponddesignswerenotconstructed

Inthesummerof1973theDistrictconducteda120

dayexperimentatthisfacilityThepurposeofthestudy
wastoquantifythebeneficialeffectsofsupplementalfeed
ingandfertilizationonfishyield

Sixpondswereincorporatedinthestudyandeachhad
eithertwoorthreerowsofsubstrateridgesonwhichemer
gentvegetationwasgrownAllpondswerestockedwithan
initialfishdensityequalto010083poundspercubicfoot
Thisdensityconvertstoanaverageofapproximatelysixty
poundspersurfaceacreTwopondsdesignatedasexperi
mentalcontrolsdidnotreceivefertilizationorsupplement
alfeedingtreatmentsTwomorepondsreceivedasupple
mentalfoodrationequaltotenpercentoftheirinitially
stockedfishbiomassthreetimesperweekTheremaining
twopondsreceivedthesamesupplementalfoodrationbut
inadditionfertilizertreatmentsof8240NPKinorganic
granuleswereappliedbiweeklyEachtreatmentconsisted
ofanapplicationoffiftypoundspersurfaceacre

Whenharvestoperationscommencedinthefallallfish
werecapturedweighedandreplantedinotherpondsnot
utilizedinthisstudyResultsoftheexperimentsupported
ourexperimentalhypothesisthattherewouldbeapositive
correlationdemonstratedbetweentheamountofsupple
mentaltreatmentandthefishyieldOverthe120dayper
iodourcontrolpondsprovidedameanbiomassincrease
equalto2908 Thetwopondsreceivingonlysupplement
alfeedingprovidedameanbiomassincreaseof4784 The

finaltwopondswhichreceivedbothsupplementalfood
andfertilizationtreatmentsprovidedameanbiomassin
creaseof5879 Costevaluationsforthisstudywillbe
presentedinthenextpapergivenduringthissymposium
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Otherfishorientedstudiesarebeingconductedwhich
dealwithdiseasepreventionandcontrolhabitatanalyses
waterqualityanalysespopulationdynamicsmethodsfish
holdingtankdesignseineandtrapdesignfishpesticide
compatibilitystudiesandtransportationtechniquesand
equipmentdesignOnetransportationtechniquetheDis
tricthasbeeninvestigatingisthatofaircraftdeliverysys
temsOurpreliminaryexperimentshavedemonstratedthat
mosquitofishcanbesuccessfullyairdroppedintoshallow
ricefieldswithlittlemortalityandfairaccuracyHowever
operationalcostsandlogisticsproblemswillhavetobere
solvedifthistechniqueistobeadoptedbytheDistrict

Experimentsarebeingconductedwiththeuseofpure
compressedoxygenaerationsystemsinourtransportation
tanksWehaveexperiencedproblemswithotheraeration
equipmentsuchasagitatorsandordinarycompressedair
unitsMedicaloxygenbottlesregulatorsandotherrelated
equipmentwererecentlypurchasedwhichnowenableusto
provideproperoxygendeliveryflowsresultingindissolved
oxygensaturationregardlessofthefishloadbeingtrans
portedatthetime

Sincenotmuchoxygenisnecessarytoprovidefulldis
solvedoxygensaturationofthetransportwateritmustbe
circulatedtoeffectmaximumdispersalinthetankIfstan
dardindustrialairstonesareusedstrongcurrentsusually
developwhichcausesuchstrongcirculatingcurrentsthat
fishfatiguecanoccurduringtripsoflongdurationTocir
cumventthispotentialproblemaspecialelongatedbubbler
wasconstructedofporousplastictubing

Ourfirstlongdistancerunofapproximatelysixhours
with100poundsoffishdemonstratedthatthisnewsystem
providesequalorincreasedsurvivalwhencomparedwith
thebestexistingaerationsystems

Thisreporthaspresentedaverybriefviewofoneaspect
ofthebiocontrolresearchworkthatiscurrentlybeingin
vestigatedacrossthenationHoweverthemosquitofishstill
needsmuchinvestigationbeforeitcanbeusedtoitsfull
capabilityasamosquitocontrolagent
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ECONOMICANALYSESOFAMOSQUITOFISHPROGRAM

RobertCArmstrong

SutterYubaMosquitoAbatementDistrict
925MarketStreetYubaCityCalifornia95991

WeattheSutterYubaMosquitoAbatementDistrictare
committedtotheuseofbiologicalcontrolagentsandare
expandingourbiocontrolprogramtoprovidetheenormous
numberofmosquitofishneededtosatisfyourultimateob
jectiveofplantingfishinallofthericegrowninourbi
countyDistrict

Asaresultwehaveincreasedtheoperationalscopeof
ourfishrearingandholdingfacilityinEastNicolausand
haveactivelyinvestigatedutilizingmoreoutofDistrict
sourcesaspotentialmassrearingsites

Subsidizinganytypeofcontrolprogramisgoingtore
quiretheexpenditureoffundsandtobudgetrealistically
wehavehadtoobtaincostdatathatwouldenableusto

projecttheanticipatedcostsofimplementingourbiocon
trolprogram

Tothatendwehavecompletedthreeeconomicstudies
inthelasttwoyearswhichwefeelprovideuswithneeded
baselinedataThedataincludeoneproductionstudyatour
fishrearingandholdingfacilityatEastNicolausandtwo
yearsofeconomicanalysesofplantingmosquitofishinour
Districtrice

AsmycolleagueBobCoykendallpointedoutthepro
ductionstudyinvolvedrearingmosquitofishundertwodif
ferentnutritionalregimeswiththeinitialstockingratere
mainingconstantThetreatmentsselectedforstudyandthe
resultstherefromreflectedthatfishproductionwashighest
inthosepondsreceivingbothfoodandfertilizerThecosts
associatedwiththatstudyrevealedthattheaveragecostof
fishproductioninthefirstseriesnofoodorfertilizerwas
758perpoundthesecondseriesfoodonlywas589
perpoundandthelastseriesfoodandfertilizerwas444
perpoundAtaplantingrateof06poundsperacreinrice
HoyKauffmanandOBerg1972thecostwouldbe266
peracrebutdoesnotincludethecostofplantingthefish
intherice

Thefiguresatfirstglanceappeartobeinordinatelyhigh
untilyouconsiderthattheyrepresent1theannualfixed
costsassociatedwiththestudyincludingtheamortized
pondconstructioncostleasecostpondmaintenancedur
ingthecourseofthestudyetcand2theannualproduc
tioncostssuchasfoodfertilizerelectricitytravelinitial
plantingandharvestingMeyerSneedandEschmeyer1973
Inthatlightthefiguresdonotseemtoounreasonableand
willcertainlybeimprovedbecauseofournewpondde
signsandanimprovementinthequalityofourpresentfish
ration

Allourplantingcostsassociatedwithricehavebeenex
tractedfromtwoemployeereportingformsthatwedevised
specificallyfordataanalysisThefirstaFishCollection
Worksheet isusedtosummarizephysicalandbiological
datafromeachseparateseiningendeavorwhetherornot
successfulThesecondisaBiologicalControlTimeSheet
thateachDistrictemployeeisrequiredtocompleteeach
dayheparticipatesinanyaspectofthebiocontrolprogram
Itprovidesuswithananalysisoftheemployeesdailyactiv
itieswhicharesummarizedinhoursbyvariousclassifica
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tionssuchastravelplantingseiningequipmentprepara
tionandcleanupaswellasthetypeofsourcethatwas
planted

Thetotalplantingprogramcostiscomputedfromthe
respectiveorparticipatingindividualswagesperhourre
ceivedintheapplicablefiscalyearsalarybenefitscalculated
at10ofgrosswagesandvehiclecostestablishedat010
permilein1973and012permilein19741shouldalso
mentionatthispointthatallourcalculationsincludingcost
werebasedonthesurvivingbiomassplantedandnotthe
biomassactuallyseinedattheharvestsites

Thedollaramountwespentin1973onourricepro
gramtotaled553123Weplanted89735acresofrice
with43744poundsoffishforameanplantingrateof
049poundsperacreOurmeancostin1973therefore
was062peracreTable1

Whenweanalyzedour1974plantingdataaswehadour
1973datawelearnedthatourtotalriceprogramcost
amountedto327500Duetolatespringrainsandacon
currentreductionintheearlyavailabilityoffishwewere
onlyabletoplant60028acresofriceThebiomassplanted
inthatacreagetotaled40547poundsandrepresenteda
meanstockingrateof068poundsperacreup38from
theprecedingyearOuroverallcostperacrelastyearwas
055Thisrepresentedan11reductionincostfromthe
1973figureThisreductionwasattributedtobetterseining
techniquestransportationandaerationdevicesthatresulted
inhighersurvivalratesattheplantingsitesandtheuseof
parttimelaborinJuly1974Basedontheresultsofthe
1973dataanalysispreviouslyoutlinedwebudgetedfunds
forthefiscalyear1974 1975tohireaparttimecrewto
seineandplantfishinourDistrictriceTheirsoleresponsi
bilitywasseiningandplantingandasaresultbecamemore
proficientattheirtaskWehaveenoughfundsremaining
fromthatbudgetitemtohireanothercrewthisyearforour
riceprogramWeexpectthattheywillalsoachieveahigh
levelofproficiencywhichshouldbereflectedinourcost
peracreanalysisfor1975

Asourexperiencebroadenedinthelogisticsofricefield
plantingwerecognizedtheneedtoexpandthenumberof
outofDistrictfishsourcesthatcouldprovidetheadditional
biomassneededearlyintheyearWeconcludedthatthe
benefitsandorjustificationsforestablishingtheseaddition
alsourcesprimarilyoxidationlagoonsweretwofoldThe
firstdirectbenefitwouldbetotherespectivesanitationdis
trictsetcbyprovidingmosquitocontrolintheiraerobic
pondsThesecondbenefitrelatingonlytoourDistrict
wouldbethecreationofpotentialmassrearingandseining
sitesthatcouldsupplementourlocalsources

Theincreasingimportanceofthatparticulartypeof
sourceisborneoutbythefactthattwooutofDistrictoxi
dationsourcesprovided326and335ofthetotalbio
massofmosquitofishplantedinourDistrictricein1973
and1974respectivelyConsequentlywehavealready
stockedorgoneaheadwitharrangementstostockseven
additionalsitesthisyearDataalreadyaccumulatedprovide



Table1CostanddatacomparisonofplantingmosquitofishinricefieldsintheSutterYubaMosquitoAbatementDistrict
1973and1974

DataSummary

Cumulativetotalnumberofacresplanted 89735

Cumulativetotalnumberofpoundsplanted 43744

Meanbiomassplantedperacrepoundsperacre 0488

Cumulativetotalnumberofhrsdevotedtoplantingmosquitofish 11003

Totallaborcostswagesonly 412294

Employeebenefitscostsestimatedat10ofhourlywage 41229

CumulativetotalnumberofmilesdrivenchargeabletoRice
Program 9960

Mileagecosts010milein1973and012milein1974 99600

Cumulativetotalallcostswagesbenefitsandmileage 553123

Meancostperacre 0616

Meanlaborcostperhoursalariesandbenefits 4122

Meancostperhourallcosts 5027

Percentoftotalcostattributabletovehicles 180

Percentoftotalcostattributabletosalariesandbenefits 820

agoodbasisforcalculatingouprojectedcostsofharvest
ingfromdistantsourcesWewillbeusingacostfactorof
055permilethatincludessalariesbenefitsandvehicle
costforafourmancrewtoarriveatatotalcostpertrip
Fromthatwecanderivethenumberofpoundsoffishwe
willhavetoreturnalivetotheDistricttomakethetrip
economicallyfeasibleTomakethecostprojectionsvalid
wewillassumeatthispointthathecatchperunitofeffort
willequalourpresentsources

Weexpectthatourfuturecostanalyseswillprovideus
withadditionalinformationthatwill1documentthe

ANDTILAPIAZILLH PARTIII SECONDYEAROPERATIONS

GaryTReynolds

OrangeCountyMosquitoAbatementDistrict
PostOfficeBox87SantaAnaCalifornia92702

ABSTRACT

Thispaperreportsuponacontinuingprojectforthein
tensivecultureofthemosquitofishGambusiaaffinisAdes
criptionofthespecializedfacilityandenvironmentmain
tenancesystemwasreportedbyChalletandRohe1974
Theinitialoperationsandproductiondataforthefirstyear
werereportedbyChalletReynoldsandRohe1974
DevelopmentofmassrearingtechniquesforTilapiazillii
wereincludedinanoriginalprojectaspartoftheOrange
CountyMosquitoAbatementDistrictprogramofdevelop
ingimprovedmethodsofchironomidmidgecontrolLeg
nerandMedved1972
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1973 1974 increasedecrease

60028

40547

0676

682

244556

24456

4874

58488

327500

0546

3945

4802

179

821

331

73

386

380

407

511

413

408

115

43
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aThe1973datawereoriginallycalculatedinnumbersratherthanpoundsthereforethe1973totalnumberoffishplanted2187210was
dividedbyanestimated500fishperpoundtoarriveatanestimatedamountofbiomassinpoundstocomparetothe1974data

favorablecostbenefitratioofabiocontrolprogramcom
paredtoothercontrolmethods2providethenecessary
justificationforincreasingabiocontrolprogrambudgetand
3provideamoreefficientexpenditureofthetaxdollar

REFERENCESCITED

HoyJBEEKauffmanandAGOBerg1972Afieldtestof
GambusiaaffinisandchlorpyrifosformosquitocontrolMosq
News322161171

MeyerFPKESneedandPTEschmeyereds1973Second
reporttothefishfarmersBureauofSportFisheriesandWildlife
WashingtonDCResourcesPublicationNo113iv 123p
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CALIFORNIASTATEDEPARTMENTOFFISHANDGAMEPOLICYONTHE

USEOFNATIVEANDEXOTICFISHASBIOLOGICALCONTROLAGENTS

RonaldJPelzman

CaliforniaDepartmentofFishandGame InlandFisheriesBranch

14169thStreetSacramentoCalifornia95814

IthanktheAssociationforthisopportunitytoexplain
thepolicyoftheDepartmentofFishandGameregarding
theuseoffishforbiologicalcontrolDuringthecourseof
thispresentationIshalldiscussthefollowingareas
1ThepolicyoftheFishandGameCommissionandthe

roleoftheDepartmentofFishandGamewithrespect
totheuseoffishforbiologicalcontrol

2Thelawsandregulationsrelatedtotheimportationand
stockingoffish

3TherationalesupportingthepositiontakenbytheDe
partmentrelativetofishproposedforintroduction

4ThewaysinwhichtheCommissionandtheDepartment
provideforthestudyofexoticandprohibitedfishes
thathavepotentialasbiologicalcontrolagents

5Theproblemsresultingfromtheintroductionofunde
sirableanimalsintothisStateandintootherpartsofthe
country

Requeststousenativefishesforbiologicalcontrolnorm
allyposefewproblemsandstockingpermitsaregeneral
lygrantedHoweverwhenafishnativetooneareaofthe
Stateisproposedforuseinanotherareawemustdeter
minewhethertheproposedtransplantwillbecompatible
withourfisheriesmanagementprograms

Mostfishproposedforbiologicalcontrolarenonresident
thatistheyoccurinanotherpartoftheUnitedStatesor
inanothercountryThesearetermedexoticBecauseof
theconsiderableinterestinexoticsthispresentationdeals
mainlywithpolicyrelatedtothem

TheDepartmentofFishandGameischargedwiththe
administrationandenforcementoftheFishandGame
CodeTheCodecontainslawsrelativetotheuseoffishfor

biologicalcontrolanddirectstheCaliforniaFishandGame
CommissiontoestablishregulationsinthisareaTheDe
partmentofFishandGamehastheroleofmanagerand
protectoroffishandwildliferesourcesWithreferenceto
exoticsCommissionpolicyisPreventtheintroduction
ofexoticplantsfishbirdsormammalswhichmightprove
harmfultoexistingspeciesdirectlyorindirectly Theterm
exoticreferstononresidentfishwhichhavenotbeenintro
ducedsuccessfullyintheStatesoastobecomeapartofthe
residentpopulationbynaturalpropagationAllproposals
tointroduceexoticnonresidentfishbirdsormammals
mustbesubmittedtotheCommissionforapproval

FromtheFishandGameCode

Section6400Itisunlawfultoplaceplantorcauseto
beplacedorplantedinanyofthewatersofthisStateany
livefishandfreshorsaltwateranimaloranyaquaticplant
whethertakenwithoutorwithintheStatewithoutfirst
submittingitforinspectiontoandsecuringthewritten
permissionofthedepartment

Section2150Thedepartmentincooperationwiththe
StateDepartmentofAgriculturemayissueawrittenpermit
toimportintoortransportwithinthisStateanywildani
malenumeratedinordesignatedpursuanttoSection2118
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upondeterminationthattheanimalisnotdetrimentalor
thatnodamageordetrimentcanbecausedtoagriculture
tonativewildlifeortothepublichealthorsafetyasare
sultofsuchimportationortransportation

FromTitle14oftheCaliforniaAdministrativeCode

Section6715ReleaseofAnimalsintotheWildNoperson
shallreleaseintothewildstateanybirdoranimalwhichis
notnativetoCaliforniaorwhichintheopinionofthe
departmenthasnotbeensuccessfullyintroducedpriorto
1955withoutreceivingpriorpermissionfromtheFishand
GameCommissiontodoso

Section226IssuanceofPermitstoPrivatePersonsto
PlantFish4Nospeciesoffishmaybeplantedinany
waterinwhichtheplantingofsuchfishiscontrarytothe
fisheriesmanagementplansoftheDepartmentforthat
waterordrainageorinanywaterfromwhichsuchfish
mightescapetootherwaterswheresuchfisharenotal
readypresentAllapplicantsshallbeadviseduponrequest
ofthesaidDepartmentalfisheriesmanagementplans

BeingamemberoftheColoradoRiverWildlifeCouncil
Californiamustalsoabidebythepolicyandrestrictionson
exoticanimalintroductionadoptedbythisbodyTheCoun
cilismadeupofstateswithintheColoradoRiverdrainage
OnefunctionoftheCouncilistopreventtheestablishment
ofundesirablespeciesNomemberstatemayintroducean
exoticanimalintotheColoradoRiverdrainagewithoutpri
orapprovaloftheotherstates

Youmaywonderhowwegoaboutarrivingataposition
andsubsequentrecommendationtotheCommissionre
gardingaspeciesproposedforintroduction

WebeginwithsomeverybasicquestionsDoesthespec
ieshavethecapabilitytosurviveandreproduceinthewild
Willithaveadetrimentalimpactonfishandwildlifere
sourcesWillitbeharmfultogamefishesornativenon
gamefishesbypreyingonthemorbycompetingwiththem
directlyorindirectlyforfoodspawningareacoveretc
WillitbeharmfultoagriculturalcropsThesearebutafew
ofourconsiderations

Toanswerthesequestionswegatherasmuchobjective
informationonthespeciesaspossibleInconjunctionwith
anextensiveliteraturereviewwesolicitinformationand

opinionsfrommembersoftheacademiccommunityand
frombiologistswithinourDepartmentandotheragencies
Itoftenbecomesnecessarytocontactscientistsinother
statesandinforeigncountriesTheresultsoftheseefforts
usuallytaketheformofaDepartmentpositionreportfor
presentationtotheCommissionandtootherinterested
parties

OurrecommendationstotheCommissionvarywithour
findingsIftheinformationathandindicatesthatanexotic
specieswillbeharmfultofishandwildliferesourceswere
commendthatitbeprohibitedinallorpartoftheState
Aprohibitedfishmaynotbeimportedtransportedorpos



scssedexceptbyspecialpermitfordisplayatapublicaquar
iumorforstudyataninstitutionofhigherlearningWhen
aprohibitedfishhasbiologicalcontrolpotentialwehave
recommendedthattheCommissionpermititsstudyata
collegeoruniversitytodevelopnonreproducingindividuals
SuchastudyisunderwaywiththegrasscarpattheUniver
sityofCaliforniaDavisIfthisundertakingissuccessful
nonreproducingfishmaybestockedonlyinnumbersand
locationsasstipulatedbypermitfromtheDepartment

Ifwefindthatanexoticfishposeslittleorapparently
nothreatwehaverecommendedthatapilotstudybeper
mittedtoassessitsfeasibilityasabiologicalcontrolagent
Suchastudyisbeingconductedwithannualfishesbythe
ButteCountyMosquitoAbatementDistrict

Beforeastudypermitisissuedaninspectionismadeof
thestudysitetobecertainthatadequatesafeguardsare
takentopreventescapeofthespeciesThetermsofthis
typeofpermitareverystringentespeciallywhenprohibited
animalsareinvolved

TheresponsibilityoftheDepartmentrelatingtothein
structionsofexoticsisnottakenlightlyTherearemanyex
amplesofwhatcanhappenwhenanundesirableexotic
speciesisaccidentlyorintentonallyreleasedintothewild
ThestarlingEnglishsparrowandthecarpareexamplesof
maneffectedintroductionsthatturnedintowidespread
pestsEquallyunpopularinvariousareasofthecountryare
morethantwentyfivedifferentspeciesofexoticfishthat
haveestablishedreproducingpopulationsAmongtheseis
thewalkingcatfishManyotherexoticfishhavebeenre
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leasedintoUSwatersinrecentyearshoweverevidence
concerningnaturalreproductionhasnotyetbeengathered
Thegrasscarpwhichmayprovetobeagreaterpestthan
thecommoncarpisincludedinthisgroup

Somescientistshavedescribedtheimpactofundesirable
exoticsonthenaturalenvironmentasbiologicalpollution
Othertypesofpollutioncanbedealtwithbuteradication
ofestablishedexoticspeciesisvirtuallyimpossiblewithout
causingseriousharmtotheecosysteminvolvedTheold
adageofanounceofpreventionisworthapoundofcure
isnotentirelyapplicablethereisnocureifprevention
doesntworkWearefindingthisoutinsouthernCalifornia
whereeffortstoeradicatetheprolificAfricanclawedfrog
havebeenunsuccessfulThispredaciousanimalisposinga
seriousthreattoamphibiansgamefishesandnativenon
gamefishessocostlytimeconsumingeffortswillcontinue
Thisexoticanimalnowprohibitedescapedfromatropical
fishwholesalersfacility

InsummationTheDepartmentofFishandGamehasa
responsibilitytopreventtheintroductionofspeciesthat
mightproveharmfultothefishandwildliferesourcesof
CaliforniaHoweverweappreciatetheneedtoexplorethe
realmofbiologicallycontrollingaquaticnuisancesespecial
lyinlightofthecurrentlimitationsontheuseofchemicals
Thereforewewillcontinuetosupporttheuseorstudyfor
useoffishforbiologicalcontrolpurposesthatwillnotpose
athreattotheresourceswearechargedtoprotect



TILAPIAASBIOLOGICALCONTROLAGENTSFORAQUATICWEEDS

ANDNOXIOUSAQUATICINSECTSINCALIFORNIA

WilliamJHauser

UniversityofCalifornia
ImperialValleyFieldStation1004EastHoltonRoadElCentroCalifornia92243

INTRODUCTIONWhenaquaticweedsoccurinhigh
densitiesmanyproblemsanddifficultiesresultAesthetic
enjoymentandpropertyvaluesarediminishedNichols
1974Navigationchannelsandirrigationcanalsbecome
blockedSculthorpe1967Largequantitiesofwaterare
lostthroughevapotranspirationHolmWeldonandBlack
burn1969Timmons1960andwaterfordomesticandag
riculturalneedsisdivertedfromrecreationalusesAquatic
weedscompetedirectlywithfoodcropssuchasriceinter
ferewithculturalactivitiesandlowercropproductionD
ESeamanCaliforniaCooperativeRiceResearchFounda
tionIncpersonalcommunicationInadditionaquatic
weedsalsoprovideahabitatandfoodsourceforsome
aquaticinsectsPennak1953

Whenthedensityofaquaticweedsreachesunacceptable
proportionsvarioustechniquesareemployedtoreduceor
eliminatetheproblemThemostcommonandwidespread
techniqueisbychemicalcontrolChemicalsareeasyto
applybutexpensiveTimmons1966andarefrequently
toxictoassociatedaquaticorganismsaswellasterrestrial
organismswhichusethewaterBlackburn1966Often
chemicalsremainintheenvironmentforlongperiodsAsa
resulttheuseofchemicalsforweedcontrolhasbeenre
strictedinmanyareas

Whereaquaticweedcontrolbychemicalsislimited
mechanicalcontrolisoftenemployedbutmechanicalcon
trolofaquaticweedsisverycostlyandusuallyeffectivefor
onlyshortperiodsNichols1974TheImperialIrrigation
DistrictILDinsouthernCaliforniaforinstancespends
nearlyhalfamilliondollarsannuallyformechanicalcontrol
ofaquaticweedsinirrigationditchesJMSheldonWater
ManagerImperialIrrigationDistrictImperialCalifornia
personalcommunicationAquaticweedsareremovedwith
draglinesbrokenupbydiskingandkilledbydessicationof
thecanalsWhencanalsaredriedfisharealsokilledand
tremendousquantitiesofwaterarewasted

Aquaticweedcontrolalsocanbeaccomplishedbybio
logicalmeansManyorganismshavebeensuggestedaspo
tentialbiologicalcontrolagentsbutsofarherbivorous
fishhaveshownthemostpromiseHolmetal1969
HereinCaliforniaonlytwospeciesoffishhavebeenused
foraquaticweedcontrolTilapiazilliiandtheMozambique
mouthbrooderTilapiamossambicaBotharemembersof
theCichlidaefamilyfromEastAfricaMostresearchin
CaliforniahasbeenwithTzilliiintheheavilyirrigated
southernCaliforniadesertandthemajorobjectiveofthis
researchistoevaluatethecapabilityofTzilliitocontrol
aquaticweedsintheirrigationsystems

RESULTSANDDISCUSSIONTocontrolaquatic
weedsmosteffectivelythefishmustbeabletosurvivewell
intheirrigationsystemsandtheymustconsumeallspecies

1Fundsforthisandrelatedresearch wereprovidedbyImperial
IrrigationDistrictCoachellaValleyCountyWaterDistrictandPalo
VerdeIrrigationDistrictResearchGrantNoCalICP

51

ofweedsIfsurvivalispoorspecialmanagementtechniques
mustbeemployedandifsomeweedspeciesareignored
thencontrolwouldnotbecompleteBothexperimental
evidenceandfieldobservationshavebeenusedtoevaluate
thesefactors

FoodandFeedingInoneexperimentTzilliiwereof
feredknownquantitiesofdifferentweedspeciesandthe
amountofweedsremainingaftereachfeedingperiodwas
measuredThefeedingrateforeachweedspecieswasdeter
minedandexpressedasthegramsofweedseatenpergram
offishweightper24hoursWhengivenachoicebetween
EurasianwatermilfoilMyriophyllumspecaturnandsago
pondweedPotomogetonpectinatusTzilliiconsumedsa
gopondweedatasignificantlygreaterrate0529ggfish
weight24hrthanEurasianwatermilfoil0031ggfish
weight24hrwhichwasnearlyignoredTable1un
publisheddataIfonlyEurasianwatermilfoilwasavailable
itwasconsumedatarateof0044ggfishweight24hr
andthefishlostweightThefeedingrateonsouthernnaiad
Najasquadalupensishoweverwassignificantlygreater
thanonsagopondweedwhenthesewereofferedtogether
0519ggfishweight24hrversus0016ggfishweight24
hrrespectivelyTheweightofCharaspconsumedper24
hrwasstatisticallysimilartothatofsagopondweed

Table1FeedingrateofadultTilapiazilliionfourspec
iesofaquaticweedsdenotessignificantdifferencesin
StudentsTtestP005

FeedOffered

Feedingrate
gofweedg

Conditionoffish24hr

Sagopondweed Alone 0324

Potamogetonpectinatus
Eurasianwatermilfpil Alone 0044

Myriophyllumspicatum

Sagopondweed Together 0529
Eurasianwatermilfoil 0031

Sagopondweed
Southernnaiad

Najasquadalupensis

Sagopondweed
Charasp

Together 0016

0519

Together 0227

0490

FromtheresultsofthisexperimentIpredictedthat
southernnaiadsagopondweedandCharaspcouldbe
eliminatedfromanareabyTzilliibutEurasianwatermil
foilwouldbeignoredAmonocultureofthatspecieswould
resultandtheweedproblemstillexistInaconcurrentfield
experimenthoweverTzilliiwerestockedinasectionof



Table2CharacteristicsoftheweedpopulationinFlaxCanalImperialIrrigationDistrict1974Areaabovetestsection
wasclearedmechanicallyonapproximately15October1974

Location

Abovetest 179 1236

location

Test

section

Belowtest

section

June111974

Percent Biomass Species
coverage gsqM present

Eurasianwater Young
milfoil

270 861 Eurasianwater Young
milfoilsago
pondweedtrace

82 299 Eurasianwater Young
milfoil poor

theFlaxCanalIIDatadensityof1086kg4740fish
ha97lb1920fishacreIonJune11974Bymid
October1974thecontrolsectionwasclearedmechanically
becausethelushweedinfestationwhichincludedallcom

monweedspecieshadrestrictedwaterflowto20cfsless
thancapacityTable2unpublisheddataAtnearlythe
sametimehoweververypoorstandsofEurasianwatermil
foilcoveredonly4ofthetestsectionActuallyweed
controlinthetestsectionmayhavebeeneffectiveasearly
asmidAugustApparentlyTzilliicanreduceorcontain
Eurasianwatermilfoilincanalsthroughconstantharass
mentwhileforagingforavailablefoodmaterial

InanotherfieldexperimentamixedpopulationofT
zilliiandTmossambicaeffectivelycontrolledfilamentous
algaeandsubmergedaquaticweedsinaricepondSimilarly
Tmossambicapopulationsin4enclosuresdemonstrated
theirabilitytocontroladensestandoffilamentousalgae
Theextentofimmediatecontrolwasdirectlyproportional
tothefishdensitybuteventuallycontrolwaseffectivein
allenclosuresregardlessoffishdensityOtherauthorshave
reportedsimilarresultsSills1970Swingle1957Shell
1962AvaultSmithermanandShell1968

Preliminaryanalysesoffoodhabitsbasedonstomach
contentobservationsindicatethatTzilliiadultsconsume

fewaquaticinvertebratesThesewereprobablyincidental
toweedingestionJuvenileTzilliimaybemoreomnivor
ousPelzman1973foundlimitedevidencethatmosquito
andmidgelarvaewereeatenbyTzilliiLegnerandMedved
19721973reportedthatTzilliiandTmossambica
wereeffectiveinreducingmosquitoandmidgepopulations
mainlythroughthedisruptionofbenthicareaswhilesearch
ingforfoodafterweedswereconsumedIntheImperial
ValleyIhavealsoobservedthishabitofsubstratedisrup
tionItappearsthereforethatadultTilapiaareeffective
inreducingmosquitoandmidgepopulationsindirectlyby
eliminationoftheirhabitatandbydisruptionofthesub
strate

TemperatureToleranceTheabilityofTzilliitosurvive
awiderangeofwatertemperatureswasobservedexperi

Percent Biomass Species
Conditioncoverage gsqM present Condition
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October301974

291 2280 Erasianwater Lush

milfoilsago
pondweed
southernnaiad

38 368 Eurasianwater Poor

milfoil

223 1724 Eurasianwater Lushinparts
milfoilsago
pondweedtrace
southernnaiad

trace

mentallyinanenvironmentallycontrolledchamberTable3
unpublisheddataTherearefewhabitatsinCaliforniawith
watertoowarmforTzilliisincewatertemperaturesbe
tween16and32Carefavorableforgoodlivingconditions
Spawningoccurswhenwatertemperaturesexceed20C
Whenwatertemperaturesdeclineto13ChoweverTzillii
becomeletharigcandvulnerabletopredationWatertemper
atureslessthan10Carefataltoapproximatelyhalfthe
populationandnoTzilliisurviveevenbriefexposureto
watertemperaturesof75CThelowerlethaltemperature
tolerancelevelofTmossambicaisabout12CHoover
1971LegnerandMedved1973Fieldobservationssupport
thesedataandfewoverwinteringpopulationsofTzilliior
TmossambicaoccurinCaliforniaThustobeusedeffec
tivelyasbiologicalcontrolagentsforaquaticweedsor
aquaticinsectstheseTilapiawouldnormallyhavetobe
restockedannuallyjustasanyotherherbicideorinsecti
cidewouldrequireregularapplication

PoliticalRestrictionsTzilliicannotbeintroducedinto

theColoradoRiverdrainagebecauseofaninterstateagree
mentwithstatesborderingthatriverwhichprohibitsuni

Table3EffectsofwatertemperatureonTzillii

WaterTemperature ResponsebyTilapiazillii

C F
40 104 Approximateupperlethaltolerance

level

1632 6190Favorablelivingconditions
20 68 Spawning
1316 5561Reducedfeeding
1013 5055Lethargicsomedeaths
10 50 Mostdeathsvarywithacclimatiza

tionexposuretimeandrateof
change

75 46 Lowerlethaltolerancelevel



lateralfaunalintroductionsPelzman1973recommended
thatTzilliibeprohibitedfromintroductionintocentral
andnorthernCaliforniabecauseoffearofdetrimental

effectsonestablishedspeciesSubsequentlytheintroduc
tionofTzilliioutsideoftheImperialIrrigationDistrict
andtheCoachellaValleyCountyWaterDistricthasbeen
closelyregulatedbytheCaliforniaFishandGameDepart
mentConsequentlythepracticalapplicationofTilapiafor
weedorinsectcontrolinCaliforniahasnotbeenextensive

CONCLUSIONSTzilliiandTrossambicaaregood
potentialbiologicalherbicidesTheirpotentialasbiological
insecticideshoweverappearstobelimitedtotheindirect
effectsofincidentalingestionoforganismseliminationof
habitatanddisruptionofthesubstrateWhentheseare
consideredtogetherhoweverTilapiamaybequiteeffective
asabiologicalcontrolagentforbothaquaticweedsand
aquaticinsectsIntensiveusehoweverwillberestricted
largelytosouthernCaliforniawillrequireannualapplica
tionandwilldependontheattitudeoftheStateofCali
forniaFishandGameDepartment
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THEUSEOFFISHFORTHEBIOLOGICALCONTROLOFAQUATICVEGETATION

RonaldJDow
1

INTRODUCTIONDensestandsofsubmersedaquatic
vegetationofferexcellentconditionsformosquitoinfesta
tionsTheyprotectfloatingeggraftsbyminimizingtheagi
tatingeffectsofwindandwaveactionsandtheyreducethe
velocityofflowingwaterwhichcanresultinstagnantareas
onthewatersurfaceMosquitolarvaealsofindprotection
frommosquitofishGambusiaaffinisaffinisBairdand
Girardandotheraquaticpredatorsindensevegetation
Goma1966Controlofaquaticweedgrowthisimportant
inmosquitoabatementprogramsCurrentcontrolproce
duresincludechemicalmechanicalandbiological

ChemicalandMechanicalChemicalandmechanicalcon

trolmeasuresareoftenphysicallyoreconomicallyimprac
ticalBothusuallyprovidetemporaryreliefandcontinuous
orfollowupapplicationsareoftennecessaryTheuseof
manyaquaticherbicidesiscurrentlysubjectedtoseverere
strictionsindomesticandagriculturalwatersystemsTheir
useisalsodiscouragedbytherecentscarcityoftheseherbi
cidesonthemarketandthehighcostofthosethatareavail
able

BiologicalControlBiologicalcontrolofaquaticweedsis
beingconsideredwithincreasinginterestMechanicaland
chemicaltreatmentsweremoredesirableinthepastbecause
theyachievedimmediateresultsHoweverduetotherising
concernovercontaminationofwatersuppliesandtherigid
restrictionsimposeduponpesticideusemoreresearchis
beingconductedtofindalternativestochemicalcontrol
CertainplantpathogensYeoandFisher1970snails
SeamanandPorterfield1964crayfishDean1968
aquaticmammalsGillespie1962competitiveplantsYeo
andFisher1970andfishSills1970haveallbeentested
withvaryingdegreesofsuccessManyoftheseorganisms
havelimitationsandpresentlyfishandcompetitiveplants
possessthemostpotentialforaquaticweedcontrolin
CaliforniaForthepurposesofthispaperonlyherbivorous
fisheswillbediscussed

Phytophagousfishesshowpromiseforbroadspectrum
aquaticweedcontrolIngeneraltheyareeasilyacclimated
todifferentlocationsandtherearespecieswhichcanoccu
pymanyaquaticsituationsSpeciesinthefamiliesCichlidae
andCyprinidaearemostoftenconsideredforcontrolof
aquaticplantgrowthTheCichlidsTilapiamossambica
PetersandTilapiazilliiGervareusedsuccessfullyinseveral
statesforweedcontrolTheyaretropicalspeciesandcannot
surviveforextendedperiodsinwaterbelow50FThisfac
torlimitstheiruseinCaliforniawhereyearroundweedcon
trolisdesiredBothspeciesareveryprolificandoftenspawn
severaltimesduringthesummerperiodAlsoTilapiaare
territorialandwillaggressivelydefendtheirnestingsites
evenagainstotherspeciesThereforeitislikelythattheir
reproductivepotentialandterritorialnaturecouldbequite
damagingtoexistingfishspeciesCurrentlegislationin
CaliforniarestrictsTilapiazilliitotheregionsouthofthe
TehachapiMountains

1StaffResearchAssociateBotanyDepartmentUniversityof
CaliforniaDavisCooperativeresearchoftheUSDepartmentof
AgricultureAgriculturalResearchServiceUniversityofCalifornia
USDepartmentoftheInteriorBureauofReclamationandCali
forniaDepartmentofWaterResources
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ThecommonandIsraelistrainsofcarpCyprinuscarpio
LandthewhiteamurCtenopharynpodonidellaVal are

cyprinidswhichhavebeenusedforaquaticweedcontrol
extensivelyinEuropeAsiaandtheUnitedStatesCarp
reduceplantgrowthbyuprootingvegetationwhileforaging
inthebottommudforinsectsTheyalsoincreasethetur
biditybystiringupbottomdepositscausingareductionin
thelightpenetrationnecessaryforplantgrowthSills1970
TheIsraelistrainismoreherbivorousanddoesnotroilthe
bottomasmuchastheEuropeanvarietyUndercertain
environmentalconditionsabout450poundsoffishper
acreofeithervarietyarenecessaryforadequatecontrolof
aquaticweedinfestationsMuchlowerdensitiesofcarphave
provedtobedetrimentaltonativefishpopulationsthere
foretheyshouldnotbeusedforweedcontrolinareas
wheresuchpreexistingpopulationshaverecreationalor
estheticvalue

WHITEAMURGeneralInformationThewhiteamur
isacyprinidendemictoriversofnortheasternChinaand
southeasternRussiaDuetoitsrapidrateofgrowthexten
siveconsumptionofhigheraquaticsandwiderangeof
temperaturetolerancethisfishispotentiallyvaluablein
programsformanagementofaquaticweedsItiscurrently
usedineasternEuropeRussiaIndiaMalaysiaJapanTai
wanIsraelandtheUnitedStatesGreenfield1971

TheamurwasresearchedextensivelyinAlabamaand
ArkansasanditisnowwidelydistributedthroughoutAr
kansasNodetrimentaleffectshavebeennotedwhenthe
amurwasstockedwithotherfishspeciesKilgenandSmith
erman1971Areaschokedwithweedsoftenpreventaccess
tofishingandmakeboatnavigationimpossibleVegetation
alsocanencroachintothespawningsubstrateofbassand
otherwarmwatergamefishwhichmayresultinlowered
productionUtilizationoftheamurinsuchareashasactual
lyimprovedfisheriesbyreducingnoxiousweedgrowth

ThewhiteamurisalmostexclusivelyherbivorousFor
thefirst2daysafterhatchingitfeedsendogenouslyliving
offyolksuppliesbutattheendof4daysitfeedsexogen
ouslyingestingprimarilyphytoplanktonFeedingshiftsto
zooplanktonwithfurthergrowthMacrophyticmaterialis
firsteatenwhenthefishare17to18mmlongbutchiro
nomidlarvaeandotheranimalformsarepredominantinthe
dietTheamursarealmostexclusivelyphytophagousat30
mmandanimalcontentinthedietisnegligibleMichewicz
SuttonandBlackburn1972Thustheamurceasestocom
petedirectlywithgamefisheswhileatafairlysmallsizeIn
experimentsconductedinFloridaamursstockedinponds
devoidofvegetationlostweightdespiteanabundanceof
zooplanktoncladoceracopepodarotiferaandinsectlar
vaeMichewiczSuttonandBlackburn1972

Growthoftheamurisrelateddirectlytothewatertem
peraturelengthofthegrowingseasonandamountoffood
availableFishgrowupto6pounds27kginoneyearin
AlabamalakesGreenfield1971Instudiesconductedat
Davisamursstockedatannaverageweightof25ggained
anaverageof07kgin16months



Amurfeedinghabitsaredirectlyaffectedbytempera
tureFeedingisverysporadicattemperaturesbelow12C
butattemperaturesabove2CCintensivefeedingoccurs
andfoodselectivityisminimizedTheoptimumtempera
tureforfeedingandgrowthofoneyearoldfishisabout
33COpuszynski1972AmericanelodeaElodeacanaden
sisMichxcommoncoontailCeratophyllumdemersum
LsagopondweedPotamogctonpectinatusLandEura
sianwatermilfoilMyriophyllumspicatumLarereadily
consumedbythisfishVeriginVietandDong1963These
speciesofweedscommonlyinfestCaliforniawatersystems
Filamentousalgaeemersedvegetationandevenriparian
plantspeciesareconsumedwhenothermorepreferred
speciesarenotavailableOpuszynski1972Hickling1966
statesthattheamurdigestsonlyabout50ofthetotal
amountoffoodingestedGrazedmaterialiscutintosmall
fragmentsbythelargesetoffinelyserratedpharyngeal
teeththatgrindthefoliageagainstahornypadlocatedon
theroofofthepharynxTheshreddededgesofthefood
materialexposerupturedcellsfordigestionwithinthegut
Amursdonotpossesscellulaseanenzymewhichdigests
plantcellwallsnordotheyseemtopossessmicroflorain
thedigestivetractThereforeaverylargeamountofmate
rialmustbeingestedfortheamurtoassimilateadequate
nutrientsTherestoftheplantmaterialpassesoutofthe
gutundigestedThisfinelygroundmaterialaddstothefood
chainoffishandotheraquaticorganisms

TheamurisprohibitedinmanystatesincludingCalifor
niaduetotheapprehensionthatthisfishifreleasedindis
criminately mayreproduceandestablishitselfperman
entlyasathreattoexistingfisheriesNaturalspawninghas
onlytakenplaceinfourlocationsoutsideofitsnatural
habitat theAkungteinandWashantoureservoirsin
TaiwanNivkaFishFarminRussiaandtheToneRiverin
JapanBurress1972Environmentalparametersreported
toberequisitesforsuccessfulnaturalspawninginclude
sandorgravelsubstrateawatervelocitybetween3to6feet
persecondGreenfield1971a2to4footriseinwater
leveloverashortperiodBailey1972andwatertempera
turesgreaterthan68FFisheryMinistryofUSSR1970
ChancesoftheserequiremensbeingsatisfiedinCalifornia
watersystemsareveryremoteThisdoesnotmeanthat
precautionandcareshouldnotbeimplementedifthisfish
istobereleasedinthefuturebutratherthatchancesofan

environmentalmishapoccuringduetoaccidentalreleaseof
thisfishareminimal

Whenonaproperdietwhiteamursmatureinfouryears
inArkansasBaileyandBoyd1970anditisprobablethat
maturationwouldbesimilarinCaliforniaEggscanbesuc
cessfullyhandstrippedfromthesefishfollowinghormone
injectionsEggsobtainedandfertilizedartificiallyexhibit
highviabilityandlargenumbesoffrycanbeproducedwith
minimalmanpowerandequipmentHencepropagationof
thisfishforweedchokedarea5wouldbeeconomicallyfeasi
bleHoweverbeforeanystockingcanbecarriedoutinCali
forniafurtherresearchmustbeperformedtodeterminethe
environmentalimpacttheamurmayhaveonaquaticcom
munities

PastResearchontheAmuratDavisInMayof1973
248oneyearoldamurswerestockedina15acrereservoir
Eurasianwatermilfoilwasverydensein ofthetotalarea

andwasthedominantplartspeciesHornedpondweed
ZannichelliapalustrisLandcurlyleafpondweedPotamo
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getoncrispusLwerealsopresentbutcomprisedlessthan
1ofthetotalplantbiomassThroughoutthesummerof
1973therewaslittleevidencethatgrazingwaseffectively
controllingthevegetationTheweedsdiedbackthefollow
ingwinterandregrewin1974Thenewgrowthdidnot
reachthesurfacebutshootscouldbeseenindeepwater
BymidJunethevegetationwasgrazedentirelyexceptfor
sparsestubblethatremainedinthebottommud

Anothersmallerreservoirwithasurfaceareaof05acre

andadepthof4feetwasstockedwith86oneyearold
amursinMayof1973Eurasianwatermilfoilwasthedomi
nantplantspeciesTherewasnoevidenceofgrazing
throughout1973norbyJulyof1974presumablybecause
theshallowdepthofthispondallowedgreatersolarabsorp
tionwhichenablethevegetationtosurvivethewintertem
peraturesThissuggestedthattoobtainadequatecontrol
withamursthevegetationmustbeeliminatedchemically
mechanicallyornaturallybeforetheamursarestocked
Thefishcanthenpreventtheformationofnuisancestands
bygrazingtheyoungnewgrowthCommunicationwith
personnelintheArkansasDepartmentofFishandGame
substantiatedthefactthatthisgrazingcharacteristicwas
alsoobservedintheirstudiesWilliamBaileypersonal
communicationThisconditionofoverwinteringaquatic
vegetationdoesnotoccurinmanyareasinCalifornia

InJulyof197420twoyearoldamurswerestockedin
another05acrereservoirwhichhadaperennialinfestation
ofCladophoraglomerataLKutzLargefloatingmatsof
thealgaewerepresentpriortostockingandtheamurswere
observedfeedingonthealgaeshortlyaftertheirintroduc
tionThematsdisappearedin10daysandthereservoirre
mainedclearduringtherestofthesummerwhenClado
phorainfestationshavebeenheaviest

CurrentResearchontheAmuratDavisNonreproduc
ingamurpopulationsmustbedevelopedandtheeffectsof
theirintroductionontheaquaticenvironmentmustbeas
certainedbeforestockingispossibleinCaliforniawaters
Bothoftheseaspectsarecurrentlybeingresearchedatthe
AquaticPestControlResearchFacilityattheUniversityof
CaliforniaatDavis

Afewofourriversystemsmayofferconditionsthat
approximatethoserequiredforthenaturalspawningofthe
amurAlthoughthispossibilitymayberemoteprecautions
mustbetakentoinsurethatthisfishdoesnotestablish

itselfinCaliforniawatersOurresearchinvolvesbothlong
termandshorttermstudiestodevelopnonreproducing
fish

Tilapiazilliiwereusedastestfishinplaceoftheamur
fortheshorttermexperimentTilapiamatureinthree
monthsandwillspawncontinuallyifthewatertemperature
issuitableItispossibletotreatyoungsexuallyundiffer
entiatedfryraisethemtomaturityandexaminethemhis
tologicallyfordestructionofthesexgermcellswithinaper
iodofthreetofourmonthsItwouldtakefouryearstoper
formsimilarworkusingtheamurWehavetreatedgroups
ofTilapiawithhormoneschemosterilantsandacuteand
chronicexposuresofradiationResultsofthetrialsarenot
yetavailable

Acooperativeresearchprogramisbeingconductedwith
theUniversitytodevelopasterileormonosexpopulationof
amursThisisalongtermprojectduetotheslowdevelop



mentofthisspeciesVaryingdosesofchemosterilantsand
testosteronehormonearebeinggiventogroupsofamur
fryintheirfoodsupply

Theinfluenceofflowingwateronamurstockingrates
andthepossibleinteractionsbetweenthisspeciesandgame
fisharetwostudieswhicharecurrentlybeingconducted

Thedifferentnumberofamursnecessarytocontrol
aquaticweedinfestationshasbeenreportedbyresearchers
inmanypartsoftheworldKonradt1968Sills1970
Singhetal1969Theserateswereformulatedforstatic
systemsanditislikelythatadjustmentsmaybenecessary
inflowingwaterThemetabolicrateofthefishandseveral
physicalcharacteristicsofaquaticplantsarealteredinmov
ingwaterandmaydirectlyaffectfishstockingratesneces
sarytoattainweedcontrolAquaticplantinfestationsare
commoninflowingsystemsinCaliforniaandaknowledge
ofthenumberoffishnecessarytoeitherreduceorelimi
natethesestandsisessential

InAugustof1974studieswerebeguninfouroutdoor
experimentalcanalsattheAquaticPestControlResearch
LaboratoryFlowvelocitiesof007and11feetper
secondweretestedongroupsoffivetwoyearoldamursin
eachcanalWeighedamountsofsagopondweedwereplanted
intraysandplacedinthecanalsTheamountofvegetation
consumedbythefishwasdeterminedattheconclusionof
eachtrialTheexperimentwillbecompletedinthespring
1975

Astudytodeterminethepossiblecompetitionbetween
amursandagamefishthecommonbluegillLepomisma
crochirusRafwasinitiatedduringthefallof1974The
bluegillwaschosenbecauseitiscosmopolitaninCalifornia
watersystemsandduetoitsprolificnatureanyeffectof
theamuronitsreproductioncanbeclearlydeterminedTwo
05acreearthlinedpondswhichhavebeeninfestedannual
lywithaquaticweedswereeachdividedintofourfish
proofquadrantsofequalsurfaceareaTenadultbluegills
80peracreand048or1603264or128peracre
respectivelytwoyearoldamurswerereleasedintoeach
quadrantSills1970observedthat20sixteeninchamurs
peracrepartiallycontrolledCharaandPotamogetonspp
andthat40completelyeliminatedthemTheincreasing
stockingrateswereusedtoestablishagradientfromzeroto
totalcontrolofthevegetationwithinthepondsRepro
ductionandgrowthofthebluegillswillbemonitoredto
determinepossibledirectpredationorfoodcompetition
orindirectremovalofcoverexposureoffoodorganisms
siltationofbluegillnestsetcinteractionswiththeamur
Preliminaryresultswillbeforthcomingnextfallandthe
terminationdatefortheexperimentisthefallof1976

FutureResearchatDavisItthespringof1975wewill
attempttodevelopanallmalepopulationofamurswith
whichwemaydocontrolledresearchoutsideofthefacility
BaileyandBoyd1970statethatthreeyearoldfemales
havebeenartificiallyspawnedinArkansasMalesgenerally
maturemorerapidlythanfemalesHickling1967anditis
verylikelythatalargeportionofourthreeyearoldmales
willbematureMaturemalescanbedifferentiatedfrom

femalesbytheirsmallersizelargerpectoralfinsandthe
presenceoftuberclesonthesurfaceofthepectoralfins
Michewiczetal1972Althoughthesefeaturescangener
allybediscernedwithouttheadministrationofpituitary
hormoneinjectionswewillinjectallthefishinorderto
obtainspermaspositiveproofofthesex
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THENEWLOOKINMOSQUITOANDVIRUSSURVEILLANCE

DonJWomeldorfPatriciaAGilliesandGailGrodhaus

CaliforniaDepartmentofHealth

VectorControlSection

714PStreetSacramentoCalifornia95814

Anorganizedsystemoflarvalandadultmosquitooccur
rencesurveillancehasbeenoperatinginitspresentform
since1953TheprogramemphasizesCulextarsalistheprin
cipalvectorofwesternequineencephalitisandStLouis
encephalitisLarvaloccurrenceisreportedtotheCali
forniaDepartmentofHealthduringthespringandearly
summermonthsAdultoccurrencereportingbeginssome
weekslaterthanlarvaloccurrencereportingandcontinues
throughthesummerintoearlyfallLarvalsurveillanceis
basedupondippingandtheAmericanmodellighttrapis
thestandardfortheadultprogramLarvaefromnatural
agriculturalindustrialanddomesticsourcesarereported
butonlytheresultsobtainedfromthecatchesof300plus
urbanlighttrapsarerequested

Bothaspectsofthemosquitosurveillancesystemhave
sufferedfromalackofcontinueddirectionTheEntomo

logyCommitteeoftheCaliforniaMosquitoControlAsso
ciationispresentlystudyingwaystorevisethelarvalpro
gramConcurrentlytheVectorControlSectionisattempt
ingtoreorganizetheadultprogramFortheimmediate
futurecompliancewithstandardsforlighttrapplacement
andoperationisbeinginvestigatedBettercoverageofthe
stateisbeingencouragedUnderconsiderationasmeansof
makingthecurrentlyavailabledatamoreusefulareinclud
ingtheseveralhundredruralandsuburbantrapsnowoper
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foodselectivityandthedailyrationofwhiteamurInProblems
ofthefisheriesexploitationofplanteatingfishesinthewater
bodiesoftheUSSRAshkhabad192195

YeoRRandTWFisher1970Progressandpotentialforbio
logicalweedcontrolwithfishpathogenscompetitiveplantsand
snailsTechpapersoftheFAOIntConfWeedControlWeed
SciSocAmer668p

atedstatewidebutnotreporteddefiningtheirlocationsso
astodistinguishthemfromtheurbantrapsextendingthe
reportingseasoninSouthernCaliforniaandproviding
betterdatahandlingInthenextfewyearsothersampling
devicesandmethodsmaybeevaluatedandincorporated
intotheprogramaswarranted

Themosquitobornevirussurveillancesystemhasoper
atedinitspresentformsince1969Mosquitoescollected
withtheCDCminiaturelighttrapusingCO2fromdryice
astheprimaryattractantaresortedtospeciespooledand
submittedtotheViralandRickettsialDiseasesLaboratory
oftheCaliforniaDepartmentofHealthforanalysisMost
ofthefieldworkisperformedbyVectorControlSection
personnelalthoughsomemosquitocontrolagencieshave
providedagreatdealofassistanceThepresentlaboratory
capabilityallowsabout2000poolstobeprocessedannual
lyCurrentlybeingstudiedaremeansofmakingtheresults
oftheeffortmoreusefulFortheshorttermtimingand
locationsamplingprioritiesarebeingestablishedwiththe
assistanceoftheUniversityofCaliforniaSchoolofPublic
HealthForthefuturepossibilitiesarebeinginvestigated
ofincludingthedatatogetherwiththemosquitooccur
rencedatainastatisticalsystemthatwillincreasetheir
productivevalue



SURVEILLANCEFORARTHROPODBORNEVIRUSESANDDISEASEBYTHE

CALIFORNIASTATEDEPARTMENTOFHEALTH1974

RichardWEmmons GailGrodhausandEdmonVBayer
CaliforniaStateDepartmentofHealth

2151BerkeleyWayBerkeleyCalifornia94704

Surveillanceformosquitoborneencephalitisduring1974
againconfirmedthepersistanceofwesternencephalitis
WEEandStLouisencephalitisSLEvirusesinmosqui
toesbuttheyweredetectedmuchlessfrequentlythanin
previoussurveyyearsOnly4strainsofWEEviruswere
isolatedfromsitesinRiversideCountyandonly2strains
ofSLEvirusfromImperialCountyHoweverhighisolation
ratesfromselectedfociinImperialCountywerereported
byDrTelfordWorkUCLATherewere29strainsofTur
lockvirusisolatedfromColusaImperialKernPlacer
RiversideSanBernardinoShastaSolanoandSutter
CountiesandfromMojaveandYumaCountiesinArizona
NinestrainsofHartParkviruswereisolatedfromKern
PlacerSolanoStanislausTehamaandYubaCountiesAll
viralisolateswerefromCulextarsalisexceptfor2isolates
ofTurlockvirusfromCulexerythrothoraxTable1A
totalof67299mosquitoesin1690poolswascollected
andtestedfromApril10throughNovember22fromstudy
sitesin26CaliforniacountiesandfromMojaveandYuma
CountiesinArizonaTables24Alimitedbudgetdictated
thissmallereffortascomparedwith1973when4838
poolsweretested75strainsofSLEvirusand97strainsof
WEEvirusisolatedor1972when6336poolsweretested
64strainsofSLEvirusand42strainsofWEEvirusiso
lated

TheapparentlylowlevelofWEEandSLEvirusactivity
during1974wasreflectedinunusuallylowincidenceof
humanandequinearbovirusdiseaseAlthoughtheusual
extensivescreeningprogramofsuspectencephalitiscases
wascarriedoutstatewide643personstestedserologically
forWEEandSLEbytheViralandRickettsialDiseaseLabo
ratoryandCountyPublicHealthLaboratoriesTable5
forthefirsttimesincespecificlaboratorytestsweredevel
opedinthe1940sandaccuraterecordshavebeenkept
therewerenoprovedhumancasesofWEEorSLEacquired

1ViralandRickettsialDiseaseLaboratoryandInfectiousDisease
Section

2VectorControlSection

3VeterinaryPublicHealthUnitInfectiousDiseaseSection
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inCaliforniaOnecaseofSLEwasconfirmedinan87year
oldwomaninBakersfieldKernCountyShehadarrived
foravisitonAugust23havingleftherhomeinAlvin
BrazoriCountyTexasonAugust20Mosquitoexposure
inTexaswasherpresumptivesourceofinfectionOnsetof
illnesswasAugust28withfeverearacheandcoldsymp
tomsShewashospitalizedwhenshedevelopedfeverto
104FinabilitytowalkthencomaThecerebrospinalfluid
had68cellspredominantlylymphocytesand70mgm
proteinThecomplementfixationtestforSLEshoweda
risingantibodytiterfrom14to132Theindirectfluores
centantibodytestshowedSLEantibodytitersof1256
andthehemagglutinationinhibitiontestshowedtitersof
1640inboththeacuteandconvalescentphaseseraThe
mouseneutralizationindexwas28intheacutephaseserum
and33intheconvalescentphaseserumThepatientrecov
eredcompletelyandreturnedhometoTexas

Only2casesofWEEinequineshadlaboratoryconfirma
tionduringtheyeara6yearoldhorsefromBakersfield
KernCountywithonsetJuly13presumptivepositive
anda1yearoldhorsefromTemeculaRiversideCounty
withonsetAugust31Therewere61othersuspectequine
casesreportedtotheDepartmentbutlaboratoryproofof
theetiologycouldnotbeobtainedTable6

Theotherarbovirusdiseaseofsignificanceduring1974
wasColoradotickfever14caseswereconfirmedinper
sonsexposedtotickbiteinAlpineLassenModocMono
PlacerandPlumasCountiesandinColoradoThisbrings
thetotalprovedcasessincerecordkeepingbeganin1954
to179Itisundoubtedlyunderreportedandmaybethe
commonestvectorborneinfectiousdiseaseinCalifornia
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Table1ViralisolatesfrommosquitopoolsbytheViralandRickettsialDiseaseLaboratoryCaliforniaStateDepartment
ofHealth1974

Identifying
Number

V55515

V55536

V59337

V41576

V22118

V22119

V55722

V55724

V22171

V22172

V30014

V30005

V30007

V57523

V57524

V57525

V57540

V57543

V57545

V57547

V57548

V59399

V55820

V55823

V55833

V30018

V55871

V55833

V55892

V30016B

V30020

V22242

V22255

V41592

V41594

V41597

V41601

V61503

V11134

V61160

V61161

V11239

V59451

V58229

County

Imperial
Imperial
SanBernardino

Kern

Sutter

Colusa

Imperial
Imperial
Stanislaus

Stanislaus

Solano

Solano

Solano

Riverside

Riverside

Riverside

Riverside

Riverside

Riverside
Riverside

Riverside

MojaveArizona
Imperial
Imperial
YumaArizona

Solano

YumaArizona
Imperial
Imperial
Solano

Solano

Placer

Placer

Kern

Kern

Kern

Kern

Yuba

Shasta

YumaArizona

YumaArizona
Tehama

SanBernardino

Riverside

Blythe
Blythe
Blythe
Blythe
Blythe

Place

Calexico

Westmoreland

Needles

Bakersfield

Sutter

Colusa

Westmoreland

Westmoreland

Newman

Newman

Tremontcemetery

Tremontcemetery
Tremontcemetery
Blythe
Blythe

Blythe
BermudaCity
Calexico

Calexico

Yuma

Tremontcemetery
Yuma

Winterhaven

Winterhaven

Tremontcemetery

YumaTestStation

WoodsonBridge
Needles

Macca

Date

Collected

May22
May22
May31
July3
July9

July9
June18

June18

July17
July17

July29
July29
July29
July2425
July2425

July2425
July2425
July2425
July2425
July2425

July2425
June26

July24
July24
July25

August5
July25
July25
July25
August8

TremontcemeteryAugust8
Lincoln August6
Lincoln August7
Bakersfield August7
Bakersfield August7

Bakersfield August7
Maricopa August7
Marysville August12
Anderson August7
YumaTestStationAugust5

August5
August5
September26
October1415
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Species

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Ctarsalis

Number

inPool

50

50

50

50

29

50

50

50

50

50

50

50
50

50

7

Cerythrothorax17
Ctarsalis 6

Cerythrothorax50
Ctarsalis 50

Ctarsalis 50

50

50

50

25

50

10

50

50

50

50

50

50

53

50

75

66

72

19

50

50

50

50

50

50

Isolate

Turlock

Turlock

Turlock

Turlock

Turlock

Turlock

Turlock

SLE

HartPark

HartPark

Turlock

HartPark

Turlock

WEE

Turlock

Turlock

Turlock

Turlock

WEE

WEE

WEE

Turlock

SLE

Turlock

Turlock

HartPark

Turlock

Turlock

Turlock

Turlock

HartPark

Turlock

HartPark

Turlock

Turlock

HartPark

Turlock

HartPark
Turlock

Turlock

Turlock

HartPark

Turlock

Turlock
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Table5HumanstestedserologicallyformosquitobornearbovirusesbytheViralandRickettsialDiseaseLaboratoryCal
iforniaStateDepartmentofHealthandbycountyhealthdepartmentlaboratoriesbycountyofresidenceandmonthofill
nessonsetCalifornia1974

County Total JanFebMarAprMayJuneJulyAugSeptOctNovDec un

known

Alameda 22

Butte 10

Colusa 1

ContraCosta 18

ElDorado 1

Fresno 64

1 3 4 1 3 1 1 8

1 2 1 1 1 4

1

6 3 2 2 3 2

1

1 7 16 7 9 13 9

Imperial 1 1

lnyo 2 1 1
Kern 44 3 4 3 16 10 3 1 4
Kings 5 2 1 1 1
Lassen 2 1 1

LosAngeles 58 1 1 12 13 8 12 5 5 1

Madera 2 1 1
Marin 12 1 2 2 3 1 3

Mariposa 1 1
Mendocino 1 1
Merced 1 1

Monterey 7 1 2 3 1

Napa 5 1 1 3
Nevada 1 1

Placer 12 2 1 2 1 1 4 1

Orange 10 1 1 1 1 3 1 1 1
Riverside 9 1 3 3 1 1
Sacramento 36 1 3 4 12 4 4 7 1

SanBernardino 15 1 2 6 2 2 2
SanDiego 69 2 14 7 11 13 7 10 1 4
SanFrancisco 50 1 8 6 6 11 10 3 2 3

SanJoaquin 25 1 3 2 6 7 3 1 2

SanLuisObispo 2 1 1
SanMateo 41 5 5 9 12 4 5 1

SantaBarbara 25 2 9 2 5 7
SantaClara 19 1 1 7 5 1 2 2
SantaCruz 7 2 1 2 1 1
Shasta 3 1 1 1
Solano 10 2 3 3 1 1
Sonoma 13 1 2 2 3 1 4

Stanislaus 15 1 2 2 2 3 3 2
Sutter 4 1 1 2
Tehama 3 2 1
Tulare 4 1 1 1 1
Tuolumne 1 1
Ventura 2 2

Yolo 9 2 1 2 1 2 1
Yuba 1 1

Total 643 1 3 2 8 56 76102121 97 83 27 7 60

TestedbyCountyHealthDepartmentLaboratoryincludes2patientstestedbyStateVRDL
TestedbyCountyHealthDepartmentLaboratoryincludes2patientstestedbyStateVRDL
TestedbyCountyHealthDepartmentLaboratoryincludes1patienttestedbyStateVRDL
TestedbyCountyHealthDepartmentLaboratoryincludes2patientstestedbyStateVRDL
TestedbyCountyHealthDepartmentLaboratoryincludes1patienttestedbyStateVRDL
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Table6SuspectedclinicalcasesofarbovirusencephalitisinequinesbycountyandmonthforCalifornia1974

County JanFebMarAprMayJuneJulyAugSeptOctNovDec

Totals 4 1 0 2 6 6 11 11 5 5 1 3 8 63

Alameda 1 4

Butte

Fresno

Glenn

Humboldt

Imperial 1 1
Kern

Kings 1 1

LosAngeles 1 1 1 1 4
Madera 1 1

Mendocino

Merced

Monterey
Orange
Placer

Riverside

Sacramento

SanBernardino

SanDiego
SanJoaquin

SanLuisObispo
SantaClara

Shasta
Solano

Sonoma

1

1

1

1

1

MonthofOnset

1 1 2

1 1 2

1 1 2

1

1 1

1 1 l
1 1

1 1

1 1

1 2

Tehama 1 1 2
Tulare 2 1 1 4
Tuolumne 1 1
Ventura 1 1
Yolo 1 1

aInadequateserumspecimensavailablefortesting
bComplementfixationtests wereperformedonallserumspecimenssubmittedandvirusisolationtechniqueswereattemptedonallbrainspeci
mensbytheViralandRickettsialDiseaseLaboratoryCaliforniaStateDepartmentofHealth
cOnecaseofapresumptivepositiveWEEinasixyearold ponyfromKernCountyonsetJuly13hemagglutinationtestHI13201640
1320neutralizationtestNI556264indirectfluorescentantibodytestIFA112811281128complementfixationtestnonspecific
unsatisfactory

done casefromRiversideCountyconfirmedserologicallyforWEEaoneyearoldcoltwithonsetofdiseaseonAugust311974withno
historyofvaccinationrisingCFantibodytitersonbloodspecimensobtainedonAugust31September3andSeptember23were18132
and1128respectivelyHAItiters1640and1640on1st2samplesIFAtiters1641256and11024neutralizationindextiters2432
and54
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1

1

1

Undetermined
orNotTested

Totals

1

5

1 1

1 1 1 1 5

1 1

1 1

1 1 2

3

2

4

1

2

1 2 6

2

1 2

1

1



COMPARISONOFTWOCHLORPYRIFOSFORMULATIONSANDTWOULVAEROSOL

GENERATORSAGAINSTCAGEDMOSQUITOES

SRHustedJAMulrennanJrRMFrederickDABlairandHJURen

UnitedStatesNavy
NavyDiseaseVectorEcologyandControlCenterNavalAirStationAlamedaCalifornia94501

ABSTRACT

TwentysixULVfieldtestswereconductedatamilitary
reservationinSonomaCaliforniatodetermineifaone

poundpergallonchlorpyrifcsformulationdispersedat8
ouncesperminutewasmoreeffectivethanthetechnical
gradematerialdispersedat113ouncesperminuteResults
indicatethatbothformulationswereequalineffectiveness
inachievingswathwidthsC90mortalityof500feet
againstcagedCulexpipiensindaytimetestsAerosoldrop

66

letsizedeterminationsbythegravitationalsettlingtechni
quesindicatedtheVMDforthe113ouncesperminute
was89pmcomparedto129pmforthehigherflowrate
whendispersedfromtheNavyULVconvertedcoldfogger

Asecondobjectiveofthetestswastocompareswath
widthefficacyoftheNavyULVconvertedmilitarycold
foggertotheMicroGenLS215Resultsforbothformula
tionswereessentiallythesameforbothunits



NONTHERMALAEROSOLAPPLICATIONSOFCHLORPYRIFOSINANURBANAREA

INTRODUCTIONThevillageofColusapopulation
3825haslongbeenperiodicallyinfestedwithadultmos
quitoesAnophelesfreeborniandCulextarsalisfrom
neighboringextensivericefieldsIn1967alargescaleex
perimentalstudywasmadetoevaluatewideswathlow
volumeaeriallarvicidingwithchlorpyrifosTheworkwas
describedinaseriesofpapersbyWomeldorfandWhitesell
1972Akessonetal1972Washinoetal1972and
Atkins1972Theapplicationskilledlarvaebutreinfesta
tionfromsurroundinguncontrolledricefieldsquicklyre
placedhighadultpopulationsintownThereforeadecision
wasmadetotrytheincreasinglypopularnonthermalaero
solgeneratorcoldfoggerConstructionofthefirstColusa
modifiedlowvolumenonthermalaerosolmachinewas
completedin1970andasecondonewasbuiltduringthe
winterof1971Whitesell1973Experimentalapplications
ofsynergizedpyrethrinsandchlorpyrifosweremadetode
termineeffectiveswathwidthswithvariousformulations

In1972experimentalapplicationswereconductedinthe
urbanareasofColusaWomeldorfetal1973Thetestre
sultsindicatedthatpenetrationofshrubberyandotherob
staclescouldbeobtained

Basedonthe1972experiencemodifiedoperational
applicationsweremadein1973and1974Twoapplications
wereevaluatedin1973andtwoin1974Theresultsare

presentedinthispaper
METHODSANDMATERIALSEquipmentCrosley

enginepoweredRootsandSchwitzerblowersequippedwith
Afanozzleswiththeorificesreducedto132inchWhite
sel1973

ChemicalDowMosquitoFoggingConcentratecon
taining6lbgal719gm1chlorpyrifoswasdilutedwith
OccidentalChemicalSuper94SprayOilto05lbgal
60gm1Theflowrateforeachmachinewas15flozmin
440mlminandthevehiclespeedwas5mph8kmhr
Eachmachinewascalibratedbeforeeachoperation

ProceduresAweatherstationsetupattheColusa
CountyAirporttwomiles32kmsouthoftownmoni
toredairtemperaturesat328ft10metersand98ft
3metersabovegroundandwindvelocityat66ft2
metersabovegroundTheapplicationsweremadeonly
whenaninversionwasapparentandwindvelocitylessthan
6mph96kmhrIftheseconditionswerenotmetthe
applicationwascancelledInversionsatisfactorywindve
locitysunsetappearanceoffirstAnophelessppandin
creasedhumiditynormallyoccurredwithinashortperiod
oftimeFigure1StabilityratiosSRasdescribedby
Christensenetal1972werecalculatedforeachtest

Threevehiclemountedcoldfoggerswereusedintheap
plicationsTwoweredriventhroughthetownandone
throughtheoutlyingareasTheintownvehiclesweredriven
throughadjacentstreetsandalleysintandemTotaltimeto

1CaliforniaDepartmentofHealthVectorControlSection714
PStreetSacramentoCalifornia95814

2ColusaMosquitoAbatementDistrictPostOfficeBox405
ColusaCalifornia95932

KennethRTownzenIandKennethGWhitesell
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completetheapplicationsinthetownandoutlyingareawas
twohoursand30minutesTheswathwidthintownwas

165ft503metersdeterminedbythestreetalleyspacing
noswathwidthdeterminationsweremadefortheoutlying
areasEvaluationwasdoneintheurbanareasusingcaged
Culexpipiensquinquefasciatusfromaknownsusceptible
laboratorycolonyindisposablecagesTownzenandNatvig
1973Thesewereplacedinvariouslocationsopenand
concealedintwoadjacentswathstoserveasairsamplers
Figure2andTable1indicatethelocationandthetypesof
sitesThecagedmosquitoeswerecollectedtwotoeight
hoursaftertheapplicationMortalitycountsweremade12
hoursand24or36hoursaftertheapplication

RESULTSANDDISCUSSIONAtthefinalcount
100mortalitywasobservedinallbutsixofthe71test
cagesTable2Mortalitiesoflessthan100wereobserved
attwolocations oneatgroundlevelonthedownwind
sideofafenceandoneinshrubberyonthedownwindside
ofahouseTheconsistentlyhighmortalitiesatthefinal
countdonotpermitcriticalevaluationofmortalityasa
functionofSRAnalysisofthemortalityat12hoursindi
catesadirectcorrelationbetweenSRandpercentkill
AveragemortalitypertestchartedagainstSRisshownin
Figure3

CONCLUSIONsPenetrationofshrubberywasevident
inthefournonthermalaerosolapplicationsofchlorpyrifos
inthevillageofColusaMortalityofcagedmosquitoesasa

Table1 Descriptionofcageplacement

StationSite1

1 Highstakeopen
2a Highstakenearfence
2b Groundlevelagainstfence
3a Highstakeopen
3b Treeforkwithdenseivy
4 Highstakeinshrubbery
5a Highstakeopen
5b Groundlevelopen

StationSite2

1a Highstakenearfence
lb Groundlevelagainstfence
2 Highstakeopen
3a Highstakeopen
3b Groundlevelingroundcover
4 Highstakeopen
5b Denseshrubbery
6a Highstakeopen
6b DenseShrubberyagainsthouse
7a Highstakeovershrubbery
7b Denseshrubbery

check1 2milesupwindopen
check2 2milesupwindopen



measurementofpenetrationappearedtobedirectlycorre
latedwithatmosphericstabilityexpressedasthestability
ratioTheSRmayproveusefulfordeterminingwhena
coldfoggerapplicationwillbesuccessfulAnSRgreater
than1appearsnecessaryandlittledifferenceinmortality
canbeexpectedbeyondSR2or3SRorasimilarmeas
urementshouldberegardedasanimportantappraisalfactor
indeterminingwhentomakeaerosolapplications

Duringthe1975mosquitoseasonfurthertestsareplan
nedtoascertaintheeffectivenessofapplicationsofchlor
pyrifosatratesof05lbgal60gm1and025lbgal
30gm1againstnaturallyDccurringpopulationswhen
appliedatvariousstabilityratiosThesetestsmayshow
whetherapplicationsof0251bgal30gm1chlorpyrifos
areeffectivewhentheSRisfavorable

AkessonNBKGWhitesellDJWomeldorfPAGilliesand
WEYates1972Ricefieldmosquitocontrolstudieswithlow

Table2ObservedmortalityofcagedCulexpipiensquinquefasciatusexpressedinpercentagesfollowingexperimental
nonthermalaerosolapplicationofchlorpyrifosatColusaCaliforniaDateofapplicationandstabilityratio

Site1

Station 12hr

Site2

1

2a

2b

3a

3b

4

5a

5b

la

1b

2

3a

3b

4

5a

5b

6a

6b

7a

7b

100

100

55

100

100

80

100

86

100

95

100

100

71

100

100

NC

100

96

NC

NC

Check1 13

Check2 11

REFERENCESCITED

1No cagesetoutordestroyed

82973 91273

93 42 75

36hr 12hr 24hr 12hr 24hr 12hr

100 100 100

100 95 100 100

00 100 73 88 100

100 NC NC

100 89 100 100

84 80 93 57 76 100

100 88 100 100

00 94 100 93 100 100

100 93 100 100

100 92 100 74 96 100

100 100 100

100 100 100

100 100 100 100 NC

100 100 100

100 92 100 100

NC 53 93 100

100 100 100

100 92 100 83 100 100

NC 100 100

88 100 NC 100

19 0

19 0

0

0

2CorrectionsfortheappreciablecontrolmortalitieshavebeenmadeusingAbbottsformula
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volumeDursbanspraysinColusaCountyCaliforniaIIOper
ationalproceduresanddepositionmeasurementMosqNews32
3368375

AtkinsEL1972Ricefieldmosquitocontrolstudieswithlow
volumeDursbanspraysinColusaCountyCalifomiaVEffects
onhoneybeesMosqNews324538541

ChristensenPWEYatesandL0Myrup1972Amicrometeor
ologicaldataacquisitionsystemTransAmerSocAgricEngrs
155956959

TownzenKRandHLNatvig1973Adisposableadultmos
quitobioassaycageMosqNews331113114

WashinoRKKGWhitesellEJShermanMCKramerandR
JMcKenna1972Ricefieldmosquitocontrolstudieswithlow
volumeDursbanspraysinColusaCountyCalifomiaIV
EffectsuponaquaticnontargetorganismsMosqNews324
531537

WhitesellKG1973Operationalexperiencewithlowvolumenon
thermalaerosolgeneratorsintheColusaMosquitoAbatement
DistrictProcCalifMosqControlAssoc415960

WomeldorfDJandKGWhitesell1972Ricefieldmosquito
controlstudieswithlowvolumeDursbanspraysinColusa
CountyCaliforniaIIntroductionMosqNews323364368

7174 91274

0 3 0

0 0 0

377

24hr
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Figure2CageplacementColusacoldfoggertestsColusaCalifornia
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Figure3Averagemortalityofmosquitoesincagesforeachtestversusstabilityratio
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STUDIESONANEWMOSQUITOLARVICIDECELAMERCKS2957

GPGeorghiouRNNorlandMSMullaandMKHawley
UniversityofCalifornia

DivisionofToxicologyandPhysiologyDepartmentofEntomology134EntomologyRiversideCalifornia92502

UntilOPmultiresistancehidappearedinCulexpipiens
quinquefasciatusinSeptember1974aneworganophos
phatereceivedthroughWHOCelamerckS2957025
dichloro4methylthiophenyl00diethylphosphorothio
atehadshowngoodactivityonallstrainsofthisspecies
Becauseofitsreputedprolongedstabilitywecarriedout
extensivetestsonthepersistenceofthecompoundinthe

ABSTRACT

72

greenhouseandalsosmallscalefieldtrialsatRiverside
CoachellaValleyandSanJoaquinValleyThecompound
showedoutstandingstabilityinwaterexceedingthatof
chlorpyrifosandgoodactivityat005to01lbAagainst
nonmultiresistantmosquitoesCquinquefasciatusC
peusItwashoweverjudgedinadequateagainstAnigro
maculis



OVERCROWDINGFACTORSOFMOSQUITOLARVAE

THEIRPOTENTIALFORMOSQUITOCONTROL

YihShenHwangandMirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92502

Overcrowdingofmosquitolarvaeinducesvariousre
sponsesresultinginretardeddevelopmentreducedsizeand
morphologicalaberrationsinlarvaeandmortalityoftheim
maturestagesDuringthecourseofinvestigationsonthe
intraspecificcompetitionofmosquitolarvaeMooreand
Fisher1969showedthatAedesaegyptiLproduceda
heatstablesteamdistillablemetabolitewhichincreasedthe
periodoflarvaldevelopmentIndependentlyIkeshoji
1965showedthatbygivingalimitedamountoffoodtc
larvaeofCulexpipiensfatigansWiedemanntheamountof
foodprovidedandthelarvaldensityintherearingunitsin
fluencedthesizeofemergingadultmosquitoesandthe
numberoffolliclesinthefemalesSubsequentlyIkeshoji
andMulla1970abfoundthatthirdinstarlarvaeofCulex
pipiensquinquefasciatusSayraisedunderovercrowded
conditionswithalarvaldensityof2027larvaecmor57
larvaemlelaboratedchemicalfactorswhichweretoxicto
firstinstarlarvaeandproducedgrowthretardingeffectsin
youngerlarvaeTheovercrowdingfactorsofCpquinque
fasciatusalsoshowedconsiderableactivityagainstfirst
instarlarvaeofCulextarsalisCoquillettAaegyptiand
AnophelesalbinianusWiedemann

Isolationandidentificationstudiesontheovercrowding
factorsresultedinobtainingtwoactivefractionsoforganic
compoundsfromanovercrowdedcultureoflarvaeofCp
quinquefasciatusIkeshojiandMulla1974aThemajor
fractioncontainedtwostraightchainalkanesheptadecane
andoctadecaneandtwobranchedchainalkanes7methyl
octadecaneand8methylnonadecaneTheminorfraction
consistedof2methyland2ethylsubstitutedlongchain
fattyacidsthedetailedstructuresofwhicharestillun
knownduetotheextremelyminutequantitiesoftheacids
presentintheovercrowdedculture

Toconfirmthelarvicidalactivityofsubstitutedfatty
acidsanumberofbranchedchainfattyacidswithvarious
structuraltypeswereevaluatedagainstmosquitolarvae
IkeshojiandMulla1974bHwangetal1974aMulla1974
Itwasfoundthatbranchedchainfattyacidsingeneralex
hibitedgoodbiologicalactivityagainstmosquitolarvae
whereasstraightchainfattyacidsshowedlittleornoactivi
tyForsystematicstudiesonthestructureactivityrelation
shipsofsubstitutedfattyacidsagainstmosquitolarvae20
2ethyl2butyland2hexylsubstitutedfattyacidswere
synthesizedandtheiractivityagainstmosquitolarvaewas
investigatedHwangetal1974bHwang1974Thelevel
ofbiologicalactivityoftheseacidswasfoundtobedepend
entuponthetotalnumberofcarbonatomsintheacids

Tofacilitatestudiesontheeffectsofstructuralmodifica

tionsontheactivityofthesebranchedchainfattyacids
theirmethylestersweresynthesizedandevaluatedfortheir
activityagainstfirstinstarlarvaeofCpquinquefasciatus

Branchedchainalkaneswerealsofoundtobemuch

moreactivethantheirstraightchainanalogsIkeshojiand
Mulla1974aMulla1974Tocomplementthisfinding
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naturallyoccurring7methyloctadecaneand8methylnona
decaneandtheirstructuralisomersweresynthesizedand
evaluatedagainstfirstandfourthinstarlarvaeofCpquin
quefasciatus

BRANCHEDCHAINFATTYACIDMETHYLESTERS
Methylestersof2ethyl 2butyl and2hexylsubsti
tutedfattyacidswerepreparedbyreactingthesefattyacids
witheitherdiazomethaneor 1methyl3ptolytriazenein
etherThecrudemethylesterswerepurifiedbyvacuum
distillationandbioassayedThe2alkylsubstitutedfatty
acidsusedasstartingmaterialsforpreparingthemethyl
estersconsistedofseven2ethyl seven2butylandsix
2hexylsubstitutedfattyacidshavingevennumbersofcar
bonatomsandatotalnumberofcarbonatomsfrom12to
24

Incomparingthebiologicalactivityofthebranched
chainfattyacidswiththeirmethylestersitwasfoundthat
ineverycasetheestersweremoreactivethantheircorres
pondingacidsTheincreaseofactivitybyesterificationwas
moredistinctinthelessactiveacidsthaninthemoreactive
acids

Amongmethylestersof2ethylsubstitutedfattyacids
methyl2ethyloctadecanoateexhibitedthegreatestactivity
Byesterificationtheactivityof2ethyloctadecanoicacid
increasedfromLC5022to15ppmwhereastheactivity
of2ethyleicosanoicacidincreasedfromLC5025to10
ppmExceptformethyl2ethyldocosanoateallmethyl
estersof2ethylsubstitutedfattyacidstestedshowedgood
activity

Methylestersof2butylsubstitutedfattyacidswerealso
moreactivethantheircorrespondingacidsEspecially
methyl2butyltetradecanoatemethyl2butylhexadecan
oateandmethyl2butyloctadecanoateshowedgoodactiv
ityBytransforming2butyltetradecanoicacidtomethyl
2butyltetradecanoatetheactivityincreasedfromLC50
60to06ppmByesterificationof2butyloctadecanoic
acidtoitsmethylestertheactivitygreatlyincreasedfrom
LC50500to05ppm

Methylestersof2hexylsubstitutedfattyacidswerealso
betterlarvicidesthantheirparentacidsAllestersfrom
methyl2hexyloctanoatetomethyl2hexyloctadecanoate
exhibitedconsiderableactivityTheLCS0of2hexyloctan
oicaciddecreasedfrom48to26ppmwhenitwasesteri
fiedwhileagreaterincreaseinactivitywasobtained
when2hexylhexadecanoicacidLC50400ppmwases
terifiedtoitsmethylesterLC5015ppm

Itisthereforeconcludedthatthebiologicalactivityof
2alkylsubstitutedfattyacidscanbeenhancedbyesterifi
cationoftheacidstotheirmethylestersInsomecases
theactivityincreasedconsiderably

BRANCHEDCHAINALKANES7Methyloctadecane
8methylnonadecaneandtheirstructuralisomerswere
synthesizedbytheGrignardreactionofalkylmagnesium
bromideswithmethylketonesdehydrationoftheresulting
tertiaryalcoholsandsubsequenthydrogenationofsubsti



tutedalkenesthusobtainedTheyincluded2 345

678and9methyloctadecanesand234567
89and10methylnonadecanes

Thebiologicalstudiesshowedthatnaturallyoccurring
7methyloctadecane exhibitedsomeactivityhowever
othersynthesizedbranchedchainalkanessuchas2 3

and8methyloctadecanesweremoreactivethanthenatural
productNaturallyoccurring8methylnonadecanewasless
activethansomeofitsisomerssuchas2457and9

methylnonadecanesAmongthesebranchedchainalkanes
47and9methylnonadecaneswereparticularlyeffective
withLC50intherangeof12ppmThesecompoundsare
moreactiveagainstfirstinslarlarvaethanfourthinstars
Itisthusapparentthatthepositionofthemethylsubsti
tuentinthealkanecarbonchaingreatlyinfluencesthebio
logicalactivityofthebranchedchainalkanes

Forcomparisonstraightchainalkanesfromundecane
toeicosanewerealsoevaluatedfortheirbiologicalactivity
againstmosquitolarvaeThebioassaysshowedthatstraight
chainalkanesgenerallyexhibitedlowerlevelsofactivity
thanmethyloctadecanesandmethylnonadecanesSomeof
thesestraightchainalkanessuchasundecanepentadecane
andheptadecanehowevertowedsomeactivityHepta
decaneandoctadecanewerepreviouslyreportedtobe
foundintheovercrowdedcultureofmosquitolarvae

Incomparingthebiologicalactivityofstraightchain
andbranchedchainalkanesitisreasonabletoconclude
thatthemethylbranchingatvariouspositionsonthealkane
carbonchaininvestssignificantincreaseinbiological
activity

GROWTHRETARDINGInadditiontothetoxicef

fectsbranchedchainalkanesalsomanifestedgrowthretard
ingactivityundersublethalconcentrationsagainstmosquito
larvaeFirstinstarlarvaeofCpquinquefasciatustreated
with05and10ppmof7methylnonadecaneemergedinto
adultsin21and28daysrespectivelyaftertreatmentIn
contrastuntreatedlarvaecompletedadultemergencewith
in14daysThegrowthanddevelopmentofmosquitolarvae
werethusdrasticallydelayedbythebranchedchainalkane
andtheresultsofthebiologicalstudiesthereforeconfirmed
thepreviousfindingsthattheisolatedactivefractionof
larvalculturesmanifestedtoxicityaswellasgrowthretard
ingactivity

POTENTIALFORMOSQUITOCONTROLTheover

crowdingfactorsofmosquitolarvaearetoxictoyounger
larvaeandthereforeindependentlyorincombinationwith
otherinsecticidessuchasjuvenilehormoneanalogsthey
havegoodpotentialincontrollingtheimmaturestagesof
mosquitoesTheactivityoftheovercrowdingfactorscan
begreatlyincreasedbyformulationwithorganicsolvents

74

andsurfaceactiveagentsandbyappropriatecombination
ofdifferenttypesoftheovercrowdingfactorswhichshow
synergiceffecttooneanotherLargescaleproductionof
thesecompoundsisfeasibleduetothefactthatthesynthe
ticproceduresaresimpleandstraightforwardandtheyields
ofthesyntheticproductsareexcellentAlthoughthese
compoundsarepresumablybiodegradableintheenviron
menttheyarereasonablystableunderexperimentaland
fieldconditionsbecauseoflackofvulnerablefunctional

groupsintheirmoleculesFurthermoreasproposedby
Mulla1974thegrowthretardingfeaturesoftheover
crowdingfactorswouldrenderthesepotentiallyusefulcon
trollingfloodwatermosquitoesifdevelopmentoflarvaecan
bedelayeduntiltemporarywaterdisappears

Theovercrowdingfactorsapparentlypossesslittleorno
toxicitytobirdsandmammalsAdditionallytheyarecon
sideredtobehighlyspecificagainstmosquitolarvaethus
showinglittleornoadverseeffectsonnontargetorganisms
inaquatichabitatsThesecompoundsthereforeofferagood
potentialforspecificandsafecontrolofmosquitopopula
tions
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EVALUATIONOFNEWCHEMICALSASMOSQUITOCONTROLAGENTS

CHSchaeferTMiuraWHWilderandFSMulliganIII
UniversityofCalifornia

MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

TH604014chlorophenyl32 6difluorobenzyl
urea whichshowedpromisein1973wasextensively
evaluatedasamosquitocontrolagentunderoperational
conditionsduring1974Schaeferetal1975Simultaneous
studiesofitseffectsontargetandnontargetaquaticorgan
ismsweremadefollowingaircraftapplicationsMiuraand
Takahashi1975Adoseof0025lbAIacresuccessfully
controlledmixedpopulationsofAedesnigromaculisLud
lowandAedesmelanimonDyarThisdosagewasopera
tionallyeffectiveagainstorganophosphorusresistant
strainsofthesespeciesinboththeSacramentoandSan
JoaquinValleysTH6040alsoappearstoprovideameans
ofcontrollingOPRstrainsofCulextarsalisCoquillettNo
longtermundesirableeffectsonnontargetaquaticorgan
ismsresultedfromapplicationsofTH6040thatwereoper
ationallyeffectiveagainstmosquitoesMiuraandTakahashi
1975Samplesoftreatedwatersoilandvegetationwere
collectedandarenowbeinganalyzedforTH6040residues
Sufficientdatawereobtainedtoprovetheoperationaleffi
cacyofTH6040asamosquitocontrolagent

OurpreviousstudiesonAltosidformulationSchaefer
etal1974werecontinuedduring1974Numerousformu
lationswerecomparedinlaboratoryandinsmallpondtests
andtheformulationthatappearedtobesuperioracharcoal
basesuspensionwasthenevaluatedinaircrafttrialsA
summaryoftrialswiththisformulationAltosid10Fis
showninTable1Unfortunatelythe10Fformulationdoes
notappeartoprovideoperationalefficacyonCulexspp
norisitsuperiortothecommercialAltosidSR10formula
tionagainstAedesspFurtherworktofindaformulation
ofAltosidthatwillbeusefulforcontrollingCulexsppis
continuing

Hercules241083butyn2y1Npchlorophenylcar
bamatewhichshowedrelativelylowactivityin1973tests
Schaeferetal1974wasfurtherevaluatedduring1974
becauseofitsprojectedlowcostandbecauseitisacarba
matewhichcausesinhibitionofpupaldevelopmentfollow

Table1Summaryof1974aircrafttrialswithAltosid10F

Date

TestNo 1974 NoAcres

7415 619
7416 619
7420 73
7422 76
7424 79
7429 720
7430 725
7445 927

20

35

30

30

40

40
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5

110
150
180
160
170
160
160
310

aThewatersourcewasdrainedonthe4thdayaftertreatment

Rate

lbAlacre Species

inglarvalexposureTwopastureplots1acreeachcon
tainingmixedpopulationsof3rdand4thstageAnigro
maculisandAmelanimonweresprayedbyhandcanatrates
of05and075lbAIacreusinga50WPformulationof
Hercules24108The05lbrateyieldedafinalmortalityof
75andthatforthe075lbratewas100 Observations

andpopulationcollectionsandcountsofaquaticnontarget
organismsshowednodeleteriouseffectsevenatthehigh
rateTable2

AnewmicroencapsulatedformulationofStaufferR
2045814ethylphenoxy67epoxy37dimethyl2
octene whichcontained2lbsAIgalanddenotedas
R2045825wasevaluatedduring1974Resultsin1m
outsidepondsshowedthatthisformulationwassuperior
topreviousformulationsofR20458thatwehadevaluated
thereforelargerscaletestsagainstfieldpopulationsofmos
quitoeswereconductedA10acrealfalfafieldwhichcon
tained1stto4thstageAnigromaculisupto50dipand
a40acrepasturehavinglargenumbersof3rdand4thstage
Anigromaculislarvaewerebothtreatedwith01lbAIacre
ofR2045825in1galofwateracrebyaircraftFinalAedes
mortalitywasapproximately80onthealfalfafieldand
50onthepastureTherewasnoapparentadverseeffect
onnontargetorganismsTable3buthigherrateswillbe
necessarytoobtainoperationalefficacyagainstmosquitoes

Areportofthebiologicalactivityofditbutylsubsti
tutedphenolsRE17565RE17937andRE18286was
presentedlastyearSchaeferetal1974Whilethesecom
poundsofferpromiseasmosquitocontrolagentsandappear
toberelativelysafetonontargetorganismscommercial
developmentisnotconsideredtobejustifiedbythecom
panyinvolvedbecauseofthelimitedmarketformosquito
cidesThisisanotherexampleofactiveandapparentlysafe
compoundsbeingdroppedfromourprogramduetolack
ofcommercialinterest

Whilewecontinuetotestneworganophosphoruscom
poundsthatarereceivedvirtuallyallofthesehaveshown

Culextarsalis

4edesnigromaculis
Aedesnigromaculis
Andesnigromaculis
Aedesnigromaculis
Aedesnigromaculis
Aedesnigromaculis

Cpqutnquefasciatus
Cpeus

75

Control

6080 for6days
100

7590

ti95

100

ti70

99

100for3daysa



Table2Sideeffectsof1124108onnontargetorganisms
appliedat075lbacreagainstpasturemosquitoesTreated
July161974

Organisms

Copepods
Seedshrimp
MayflyN
CorixidN

ShoreflyL

97 121

3 3

8 7

7 7

3 2

116

3

7

7

2

Copepods 114 183

Waterfleas 2 10

Seedshrimp 1 1

MayflyN 29 128

CorixidN 3 2

BeetleL 3 3

July

Date 16 17 18 19 20

Nooforganismsinwater4500mlcollected
immediatelybeforetreatmentandheldinthe
laboratoryfordailycounts

179

3

7

7

2

186

3

7

7

2

Nooforganismsinwater4500mlcollected
immediatelyaftertreatmentandheldinthe
laboratoryfordailycounts

Copepods 155 154 183 267 276

Seedshrimp 1 1 1 1 1

MayflyN 2 2 2 2 2

CorixidN 5 5 5 5 5

BeetleL 1 1 1 1 1

Nooforganismsindailycollectionsoffield
water4500ml

aNNymphs
bLLarvae

cWaterinthetreatedareadriedupbyJuly191974

ahighpotentialforcrossresistanceasevidencedbyplots
ofmortalityversusconcentrationforSandRstrainsofC
tarsalisTheLC50softendonotdiffergreatlybetween
strainsbutdivergenceoftheldplinesathightestconcen
trationsisindicativeofcrassresistanceAnexampleofthis
isshownforN25960ethylSpchlorophenylethyl
phosphonodithioateinFigure1

Inthepastseveralyearsdifferenttypesofcompounds
thathavedemonstrateduniquebiologicalactivityhavebeen
evaluatedandhaveshownpromiseasmosquitocontrol
agentsAltosidhasadvancedfromthelevelofhighactivity
inlaboratoryteststoacommercialproductItnowappears
thatTH6040willfollowthesamecourseHoweverfew
compoundsshowthisdegreeofpromisesoitisimperative
thatweusenewapprovedcompoundswiselyinorderto
delaydevelopmentofresistance
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Table3SideeffectsofStaufferR2045825onnon

targetorganismsappliedat01lbacreagainstpasture
mosquitoesSeptember241974

Organism 24 25 27 30 2

Waterfleas 108

Copepods 87

DamselflyN 3

ShoreflyL 2

ChironomidL 6

aNNymphs
bLLarvae

September Oct

Nooforganismsinwater2250mlcollected
immediatelypriortotreatmentandheldinthe
laboratory

157 244

49 46

3 3

2 2

6 6

425

246

3

2

6

440

521

3

2

10

Nooforganismsinwater2250mlcollected
immediatelyaftertreatmentandheldinthela
boratory

Waterfleas 93 124 131 125 9

Copepods 127 53 56 165 542

Seedshrimp 1 1 1 1 1

ShoreflyL 2 2 4 0 0

cChironomidlarvaeChironomusstigmaterusGoeldichironomus
holoprasinus
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Figure1ThebiologicalactivityofN2596againstlarvaeofsusceptibleandOPRstrainsofCulextarsalis
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EFFECTSOFDIMILINTM ONNONTARGETORGANISMSIN

EARLYSPRINGCULEXTARSALISLARVALHABITATS

TakeshiMiura WDMurrayandRMTakahashi

A25WPformulationofDIMILIN14chlorophenyl
326 difluorobenzoylureaatratesof004and0045
lbAIacreappliedagainstearlyseasonCulextarsalisCoquil
lettpopulationsinfoothillareaswasfoundtoberelatively
safetootherorganisms Cladoceranpopulationsweregreat

INTRODUCTIONCulextarsalisCoquillettisoneof
themostintensivelystudiedmosquitoesintheCentral
ValleyofCalifornianotonlybecauseitisapotentialvector
ofviralencephalitisbutalsobecauseofitsextremeresist
ancetoallcommerciallyavailablelarvicidesinsomeareas

IntheCentralValleyofCaliforniaCtarsalisfemales
overwinterchieflyinfoothillareasandflybacktotheVal
leyinearlyspringBellamyandReeves1963Burdickand
Kardos1963Baileyetal1965Klieweretal1969
thereforeearlyspringpopulationsinfoothillareasare
nucleifromwhichlaterseasonpopulationsintheValley
originateTheeffectofanewmosquitolarvicideonnon
targetorganismsinearlyspringCtarsalishabitatsinfoot
hillareasisreportedhere

StudyArea ThestudywasconductedintheYokohl
Valleyabout20mileseastofVisaliaCaliforniaTests
wereperformedatavernalpondintheValleyandalsoan
isolatedlateralpoolsituatedbesideYokohlCreekanin
termittentstreamwhichrunsthroughtheValley

VernalPonds Thisisthemostimportantmosquito
breedinghabitatassociatedwiththefoothillareasThepond
usedwasabout40x50feetovalinshapewithadepthof
12to15inchesWaterissuppliedbysubsurfaceseepage
andremainsmostofthewintermonthstotheearlypartof
MayThewaterwasdarklycoloredbydecayingorganic
debrisaccumulatedonthebottomofthepondNovegeta
tionwasfoundinthepondproper

IsolatedLateralPools Thepoolusedisoneofmany
situatedalongthecreekbanksitisnarrowandelongate
andhasasurfaceareaofabout0088acre255x15feet
Itcontainedmoderatelycleanwaterthroughouttheflow
seasonalthoughthepoolfavoredtheaccumulationofor
ganicdebrisVegetationwasscantexceptinspringduck
weedandalgaewereabundant

MATERIALSANDMETHODSA25WPformula

tionofDIMILIN14chlorophenyl326difluoro
benzoylureawasappliedbyhandcansprayerSchaefer
etal1975

Thebiologicalactivityofthecompoundwasdetermined
bymonitoringpreandposttreatmentpopulationsinthe
laboratoryandsupplementarysamplesfromthetreated
poolandpondwerealsotakendailyfor3weeksMiuraand
Takahashi19731975

1UniversityofCaliforniaMosquitoControlResearchLabora
tory5545EastShieldsAvenueFresnoCalifornia93727

2DeltaVectorControlDistrict1737WestHoustonAvenue
VisaliaCalifornia93277

ABSTRACT
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lystressedbythetreatmentbutrecoveredwithinthreeweeks
Corixidnotonectidandmayflynymphsandaquaticbeetle
larvaeshowedsomesensitivitybutpopulationdeclinesdidnot
occurAdultbeetlesmosquitofishandtadpolestoleratedthe
treatments

Atotalof36taxaincludingplanktoninsectssnails
fishtoadsandalgaewereobservedinthestudyareaTable
1

RESULTSANDDISCUSSIONApplicationof0045
lbAIacreona10dayscheduleeliminatedearlygenerations
ofCtarsalislarvalpopulationsfromthesefoothillbreeding
sitesSchaeferetal1975Table2summarizestheside
effectsofthe004lbacreapplicationonpopulationsof
planktonicorganismsItisapparentthatthecompoundwill
reducethecladoceranpopulationatleasttemporarilybut
thepopulationwillrecoverwithinashortperiodoftime
Acharacteristicreactionofthetreatedpopulationinearly
springwasnotonlyareductioninnumbersbutalsothe
productionofephippianumerousephippiacarapacecuti
clecontainingdiapausedeggswhichareresistanttoadverse
environmentalconditionswereobservedinthetreated
waterCopepodandmayflypopulationsmightbeaffected
butpopulationlevelsweretoolowtodeterminethisSeed

shrimptoleratedthetreatmentThe0045lbacreapplica
tionsdidreducethecladoceranpopulationasexpected
Table3Somenymphalstagesofcorixidandnotonectid
bugsalsowereaffectedTable4summarizestheeffectsof
the004lbapplicationonaquaticinsectsmosquitofish
andtadpolesThecompoundisprobablysafetotheseor
ganismsNoabnormalpopulationchangesaftertreatment
wererevealedbytrappingalthoughafewdeadnymphal
bugsandbeetlelarvaewereoccasionallyobservedinthe
treatedwateraffectedinsectsoftenstartedtoecdysisbut
failedtoexuviatefromtheoldskinanddiedAdultbeetles
mosquitofishandtadpolesdemonstratedtolerance

Thetoxicityofthecompoundundernaturalconditions
probablydoesnotpersistlongForexamplebioassayof
waterfromthetreatedpondshowedthatthemortalityof
laboratoryrearedcladoceranswasabout57at72hrafter
treatmentandnomortalityoccurredat96hrTable5
showsthebiologicalactivityunderlaboratoryconditions
Asexpectedmayflynymphsweresusceptiblemosquitofish
fryshowedsurprisingtoleranceeven100ppmfor96hrex
posuredidnotkillthemWesternSpadefootToadtadpoles
alsoweretolerant

Table6showsthecomparisonofrelativetoxicitiesof
DIMILINandfenthiononnontargetorganismsFenthion
ischosenherebecauseitisthemostcommonlyusedmos
quitolarvicideinCaliforniaMurray1974ATolerance
Indexisusedtoexpressrelativetoxicitybecauseitex
plainseffectsoftoxicantsonnontargetsbetterthanMedi
anLethalConcentrationMiuraandTakahashi1974It
isapparentthatbothDIMILINandfenthionusedforC



Table1AlistoforganismsfoundinthetestareaYokohlValleyCalifornia1974

Organism

Rotifers

Asplanchnaspp
Waterfleas

Moinaspp
Simocephalusspp
Alonaspp

Copepods
Cyclopsspp

Seedshrimp
Cypridopsisspp
Cypricercusspp

Mayflies
Callibaetisspp
Siphlonurusspectabilis

Dragonflies
Pseudoleonsuperbus
Plathemisspp

Damselflies

Coenagrionspp
Waterboatmen

Coriselladecolor

Hesperocorixalaevigata
Backswimmers

Notonectaunifasciata
Buenoaspp

Waterstriders

Gerrisincurvatus

Stage

Juvenile Adults

Juvenile Adults

Juvenile Adults

Juvenile Adults

Juvenile Adults

Juvenile Adults

Juvenile Adults

Nymphs
Nymphs

Nymphs
Nymphs

Nymphs

Nymphs Adults

Nymphs Adults

Nymphs Adults

Adults

80

Organism Stage

Dytiscidbeetles
Hydroporusspp
Deronectesspp
Oreodytesspp
Laccophilusdecipiens
Agabusspp
Ilybiusspp
Aciliusspp

Whirligigbeetles
Gyrinuspunctellus

Hydrophilidbeetles
Hydrophilustriangularis
Tropisternuslateralis

Chironomidmidges
Chironomusspp
Corynoneuraspp
Procladiusspp

Snails

Physaspp
FrogsandToads

Hylaregilla
Scaphiopushammondi

Duckweeds

Lemnaminor

Lemnagibba
StoneWarts

Charaspp

Adults

Adults

Adults

Adults Larvae

Adults

Adults

Larvae

Adults

Larvae

Larvae Adults

Larvae

Larvae

Larvae

Juvenile Adults

Tadpoles
Tadpoles



Table2EffectsofDIMILINonnontargetorganismsAppliedat0041bacreagainstCtarsalisApril221974

April

Nooforganismsinthepretreatmentwater2250mlandheldinthelaboratory

Waterfleas 104 12 0 0 0 0

Ephippia 0 25 28 30 25 28

Copepods 7 7 2 2 2 2

Seedshrimp 45 41 38 32 32 35

MayflyNa 3 3 0 0 0 0

Nooforganismsinwater2250mlcollecteddailyfromfield

May

Organism 22 23 24 25 26 29 1 3 6 8

Waterfleas 379 338 328 343 108 105 97

Ephippia 0 10 14 14 14 20 26

Copepods 21 12 10 12 5 5 5

Seedshrimp 22 23 19 19 18 17 16

MayflyN 6 4 4 4 4 4 2

BeetleL 6 6 6 6 5 5 3

Nooforganismsinwater2250mlcollectedimmediatelyaftertreatmentandheldin
thelaboratory

Waterfleas 5 1 0 0 0 0 0 0

Ephippia 34 149 28 130 120 87 83 54

Copepods 5 5 2 2 2 2 1 1

Seedshrimp 44 84 35 51 71 109 87 52

MayflyN 0 0 0 0 1 1 9 2

BeetleL 2 4 2 4 2 7 5 6

ChironomidL 1 3 1 2 0 2 3 8

aNNymphs

bLLarvae

CSixtecnwaterfleaswerecollectedfromthetreatedpondonMay12197420daysaftertreatment
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Table3EffectsofDIMILINonnontargetorganisms
appliedat00451bacreagainstCtarsalisApril151974

April
Organism 15 17 18 19 21 24

Waterfleas 6 3 3 3 17

Copepods 10 10 8 8 8

Seedshrimp 87 63 56 54 50

CorixidNb 12 6 4 4 2

NotonectidN 17 9 9 7 4

Nooforganismsinthepost
treatmentwater2700ml

Waterfleas 6 Oe 0 0 0 0

Copepods 15 15 13 12 10 10

Seedshrimp 145 120 78 79 83 80
CorixidNb 12 10c 7 7 7 7

NotonectidNb 18 15c 14 14 14 14

aDailyposttreatmentcollections werenottaken

bNNymphs
cDeadorganismswerenoted

Table4EffectsofDIMILINonnontargetorganismsAppliedat004IbacreagainstCtarsalisApril221974FTNo
742

a

Organism

CorixidNA 7 12 14 15 33 2 46 19 12 11 2 4 1

NotonectidNA 1 3 5 0 3 0 3 3 1 0 0 0 0
OdonataN 0 0 1 0 3 0 1 0 0 1 0 0 0

LdecipiensA 12 7 8 2 7 1 7 9 6 17 19 12 3

AgabussppA 4 17 4 5 4 3 4 3 3 1 7 2 0

DytiscidA 2 2 1 0 1 1 3 4 4 2 0 3 3

DytiscidL 0 3 5 0 5 4 5 2 0 0 0 0 0

HydrophilidA 2 7 2 2 8 0 1 2 0 1 1 1 14

HydrophilidL 0 1 1 1 0 0 0 1 1 1 0 0 0

GpunctellusA 0 0 0 0 3 0 1 1 1 1 0 2 0

Tadpoles 85 13 15223 92 12168398140 427527258 25

GaffinisAI 21 16 7 27 9 11 5 6 25 25 12 10 17

allooforganismscollectedby3minnowtraps
bNNymphs
cAAdults

dLLarvae
eIImmatures

Nooforganismsinthepre
treatmentwater2700ml

tarsaliscontroldosuppresscladoceranpopulationsevenso
DIMILINismuchsaferthanfenthionieTI50ofDIMILIN
againstwaterfleaswas236andagainstsideswimmerswas

1000whilethatoffenthionwas14and084respective
lywhichsuggeststhatrepeatedapplicationsoffenthionon
thesamehabitatmightexterminatecladoceranandside
swimmerpopulations
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Table5BiologicalactivityofDIMILINagainstorganismsassociatedwithmosquitobreedinghabitatinfoothillareas

No No NoOrganism
Organism Stage Tests Reps Container Exposedhr mortality ppm

Sideswimmers Mixed 2 3 515 48 50 08

Mayflies Nymphs 2 3 30 168 50 002

90 003

Mosquitofish Fry 1 1 10 96 0 100

WesternSpadefootToad Tadpoles 2 1 2025 192 0 5

Table6ComparisonofrelativetoxicityofDIMILINandfenthiontonontargetsasusedinCtarsaliscontrol

Organism TI TI TI50 T190

Waterfleas 236 5 140 104

Copepods 1000 1000 166 132

Seedshrimp 1000 1000 60 47

Sideswimmers 1000 570 84 74

Mayflies 286 214

Mosquitofish 1000 700 40 20

aFenthionOPRstrainCtarsalisLC3025x10LC905 x 10

DimilinOPRstrainCtarsalisLC507x104LC90 14x10
bTI50toleranceindexatLC50LC50nontarget

LC50target

cTI90toleranceindexatLC90LC90nontarget
LC90target

Dimilin Fenthion
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INVESTIGATIONSONTHEMODEOFACTIONOFDIMILIN

TH6040AGAINSTMOSQUITOES
GPGeorghiouandChiSLin

UniversityofCalifornia
DivisionofToxicologyandPhysiologyDepartmentofEntomologyRiversideCalifornia92502

Exposureof4thinstarlarvaeofCulexpipiensquinque
fasciatustoaseriesofconcentrationsofDimilinindicates
thatresponseisdosedependentinlarvaeandpupaeaswell
asadultsThisisincontrasttotheeffectofmethoprene
Altosidwhichisnotmanifestedontreatedlarvaebut

onlyontheresultingpupaeandadults

ThesensitivityofthefourlarvalinstarsofCquinque
fasciatusandCtarsaliswasfoundtobeapproximately
LC501627ppbHoweverbriefexposure30minof
larvaeofdifferentagesrevealedfourpeaksinsensitivity
whicharecongruentwiththeoccurrenceofecdysisThisis
inagreementwiththesuspectedinhibitoryeffectofDimilin
onchitinsynthesisFromthepracticalstandpointthisprop

ABSTRACT

ertyenhancestheutilityofthecompoundagainstasyn
chronouspopulations

Quantitativeandqualitativemeasurementsofsensitivity
withinthe4thinstarandpupalstageindicatethatinC
fatigansthesensitiveperiodbegins 15hoursbefore

pupationandcontinuesfor2hoursafterpupation
Pupationinlarvaeisdelayedby217ifexposureto

sublethalconcentrationshasoccurredwithin48hoursafter
eggshatch

CulextarsalisstrainssusceptibleOPmultiresistantand
AltosidselectedwerefoundtobeequallysensitivetoDim
ilinirrespectiveofthetypeofinsecticideresistancepresent
AslighttolerancetoDimilin15x23xwasfoundinC
quinquefasciatusresistanttoOPsorcarbamates

RESIDUALTESTSWITHABATECHLORPYRIFOSDDTFENTHIONAND

MALATHIONAGAINSTAEDESSIERRENSISLUDLOW
INFABRICATEDTREEHOLES

LeyburnFLewisandDarrellMChristenson

UnitedStatesDepartmentofAgriculture
WesternInsectsAffectingManandAnimalsLaboratoryAgriculturalResearchService

5544AirTerminalDriveFresnoCaliforpia93727

ABSTRACT

Theresidualactivityofseveralinsecticidesinfabri
catedtreeholeswastestedagainstthelarvaeofthewestern
treeholemosquitoAtratesofonepoundoftechnical
materialper50treeholesmalathionlasted1yearfen
thionandAbatelasted3yearsandchlorpyrifosgave
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completecontrolthroughoutthe4yeartestperiod
Atratesofonepoundoftechnicalmaterialper100
and200treeholesAbatelasted3yearswhilechlorpyrifos
gavecompletecontrolthroughoutthe4ayeartestper
iod



INSECTDEVELOPMENTALINHIBITORS

MULTIPLEAPPLICATIONSOF DIMILIN ANDALTOSIDTO

GAMBUSIAAFFINISBAIRDANDGIRARD

RMTakahashiandTakeshiMiura

UniversityofCalifornia
MosquitoControlResearchLaboratory5545EastShieldsAvenueFresnoCalifornia93727

PopulationsofthemosquitofishGambusiaaffinisBairdand
GirardwereexposedseparatelytoAltosidisopropyllmethoxy
3711trimethyl24dodecadienoateandDIMILIN4chloro
phenyl326difluorobenzoylureainexperimentalpondsto
determinetheeffectsofmultipletreatmentsovera5monthperiod

ABSTRACT

ThemosquitofishGambusiaaffinisBairdandGirard
hasbeenrecognizedsincetheearly1900sasapotential
controlagentformosquitoesKrumholz1948Sinceits
introductiontoCaliforniain1922researchersinthisstate
havecontinuedtoshowthatitreducesnumbersofmosqui
tolarvaeinthefieldWashinoandHokama1967Bay
1969HoyandReed1970Hoyetal19711972andat
presentitisstilltheonlyeffectivebiocontrolagentwhich
isroutinelyusedbymosquitocontrolagencies

NeverthelessasLegnerandMedved1972pointedout
themosquitofishdoeshavelimitationsintemporarywater
situationssuchaspasturesInthesesituationsevenifmos
quitofishwerepresentasindrainagesumpsitislikely
thatanothercontrolmeasurewouldberequiredAmong
thenewestcontrolmeasuresthatcouldbeusedare2syn
theticInsectDevelopmentalInhibitorsSchaeferand
Wilder1972Altosidisopropyl11methoxy3711
trimethyl24dodecadienoateandDIMILIN14chlo
rophenyl326difluorobenzoylurea

WestudiedtheeffectthesecompoundshaveonG
affiniswhenthefishareexposedrepeatedlytomosquito
controllingconcentrationsPriorlaboratorytestsshowthat
thefishsurviveconcentrationsgreaterthan80ppmofboth
technicalAltosidMiuraandTakahashi1973anddimilin
Miuraetal1975Alsoa40daysimulatedfieldtestwith
AltosidSR10amicroencapsulatedformulationyielded
noapparenttoxiceffectat01lbAIacreMiuraandTaka
hashi1974Mosquitoesontheotherhandareverysus
ceptibletobothcompoundsJakob19721973Schaefer
andWilder19721973Mullaetal1974HsiehandSteel
man1974Schaeferetal1974andare100toovera
milliontimesmoresusceptibledependingonspeciesthan
GaffinisFieldtestswithAltosidagainstAedesnigromac
ulisLudlowshowedeffectiveratesaslowas00125lb
AIacreSchaeferandWilder1973andeffectiverateswith
dimilinagainstCulextarsalisCoquillettaslowas0025lb
AIacreSchaeferetal1974Ratesforthisstudywere
effectiveonfieldmosquitoesbutwerebelowtheacutetox
icityofGaffinis

MATERIALSANDMETHODS usedartificial

ponds9x8045mwitha13slopealongeachedgeat
theKernResearchAreaBureauofSportsFisheriesand
WildlifeUSDepartmentofInteriorinKernCounty
CaliforniaThewaterlevelineachpondiscontrolledbya
plumbingsystemconnectedtoa15acrereservoirmain
tainedbyadeepwellpumpWaterdepthwasmaintained
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FiveapplicationsofAltosid10flowableat003lbAIacre
anddimilin25WPat005lbAIacreweremadeat1month
intervalsTherewasnovisibleadverseeffecttothetreatedpopu
lationstheirfluctuationsandnumbersweresimilartothoseofthe
control

at27cminallpondsTheinputplumbingwasscreened
topreventimmigrationofpredatorsthroughthesystem
Eachpondwasseededwithabout3000fishwhichwere
nettedwithan8meshseinefromstockpondsestablished
attheresearchareaayearbefore

Thefishweretrappedbiweeklywith42x22cmbarrel
shapedwireminnowtrapslinedinteriorlywith18x16
meshaluminumscreensOnetrapwasplacedalongeachof
theshort9msidesnearthewateredgeandsubmerged
sothattheentranceholeswereabout4cmbelowthewater
surfaceAftera2hourtrappingperiodthetrapswere
emptiedinto26x42x10cmpansforcountingThose
whichcontainedmorethananestimated200wereemptied
intoa1000mlgraduatedcylindercontaining500mlof
waterandweremeasuredvolumetricallytothenearest5ml
Thecontentsofthecylinderwerethenpouredintoapan
where5samplesoffishwerenettedforcountsandvolume

measurementsina250mlgraduatedcylinderThetotal
amountoffishwascalculatedfromthevolumeandnumber
ofsamples

Spraymaterialwasmeasuredonananalyticalbalance
andheldin50mlglassscrewtopflasksfortransporttothe
fieldInthefieldeachmaterialwasmixedwith551of
waterina3galstainlesssteelhandsprayerfittedwitha15
mboomandaflaretip

Applicationsweremadeonceamonthforatotalof5
bywalkingaroundtheperimeterofeachpondwhileex
tendingtheboomtowardsthemiddleThecanisterwas
shaken2to3timesduringeachtreatmenttopreventsettl
ingofthematerialInitialpressurewas40 50psiOne
pondwastreatedwithAltosidattherateof0031bAIacre
witha10flowableformulationandtheotherwastreated
withdimilinat005lbAIacrewitha25WP

Inordertodeterminetheeffectsofthesecompoundson
nontargetinvertebratesintheponds6ormore450mldip
persamplesweretakenfromthebanksatapproximately
equalintervalsandbroughtintothelaboratoryforexami
nationunderstereomicroscopes

AirtemperaturereadingswereobtainedwithScience
Associatesminimumandmaximumthermometersreadby

personnelattheKernWildlifeRefugeBSFWUSDe
partmentofInteriorDissolvedoxygenandwatertemper
aturesweretakenontrapdaysbetween1000amand
1200noonwithanInternationalBiophysicsCorporation
no500051analyzer



RESULTSANDDISCUSSIONExtremeairtempera
turesvariedfromaminimumof1CinApriltoamaximum
of43CinJulyAsubfreezingtemperaturewasreached
onlyononedayandwasrecededandfollowedbymaxi
mumtemperaturesof195Cand21CrespectivelyDuring
thetestmonthsthemaximumairtemperatureneverfellbe
low16CAlthoughthemaximumairtemperatureexceeded
40Cforseveraldaystherewassufficient10ormore
vegetationtoprovidecoverfromdirectradiationthuskeep
ingthewatertemperatureatlowerlevelsSincethetemper
aturesingeneralweremoderateitisdoubtfulthatthey
adverselyaffectedthefishpopulationsFigure1Dissolved
oxygenreadingsforallpondsvariedbetween4ppm 24C
to72ppm 245Conthebottomandbetween48 ppm

24Cand76ppm 272to7cmbelowthewater
surfaceAstheseoxygenconcentrationsarewellabovethe
minimumcriticalsof02to09ppmSjogren1972itwas
apparentthatoxygencontentinthewaterwasnotalimit
ingfactorinthisstudyTwomeasurementsofwaterpH
withHydrionH20pHpapersinallpondsyieldedreadings
of84to88

Figure1showsthenumbersoffishcapturedintheAlto
sidanddimilinpondsascomparedtothoseinthecontrol
Whenresultsfromtheentire5monthsoftrappingwere
plotteditbecameapparentthatthetreatedpopulations
ofGaffiniswerefollowingthesamepatternasthatofthe
controlThereforeitappearsthatexposuretoeitherAlto
sidordimilinattheratesuseddidnoteffectGaffinis
populationgrowthevenwhenthefishwereexposedto
multipleapplicationsovera5monthperiod

Organismscaughtinthetrapsbesidesfishwereadultand
larvalhydrophilidanddyticidbeetlesandcorixidandnoto
nectidbugs

Theinvertebratesamplingdidnotyieldusefulquantita
tivedataprobablyduetopredationbythefishCopepods
weremostabundantinthesamplesfollowedbyCladocera
ostracodschironomidlarvaemayflynaiadsbeetlelarvae
damselflynaiadstracesofephidridlarvaeandcorixid
nymphs
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FACTORSINFLUENCINGDIAPAUSEINCULEXTARSALIS

InthenaturalsettingortheSacramentoandSan
JoaquinValleysCulextarsalisentersdiapauseinfall
withthehaltofautogenoudevelopmentcessationof
bloodfeedingandthebuildingupoffatbodyLabor
atoryattemptstoinducesimilareventshavebeenunder

EFFECTIVENESSOFTHEHEMOGLOBINCRYSTALLIZATIONTECHNIQUE

FORMOSQUITOHOSTBLOODMEALIDENTIFICATION

MLBirchandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

ABSTRACT

Increasedreliabilityofthehemoglobincrystallization
techniqueusedtoidentifymosquitobloodmealswasob
tainedusingabufferedreagentReferencecrystalshave
beenpreparedforover90mammalianand10avianspecies

Toestablishthereliabilityofthistechniquetenmam
malianhostspeciesSusscrofaCanisfamiliarisEquus
caballusLepusspSylvilagusspOvisariesSuffolk
CaprahircusMusmusculusCaviaporcellusandHomo
sapienshavebeentestedagainstfourmosquitogenera
AedesCulexAnophelesandCulisetasixand24hours
afteringestion

Thehostspecieswasfoundtoaffectthereliabilityofthe
ofthetechniqueThesuccessofcrystallizationwasreduced
withhumanbloodmealsTwentyfourhoursafteringes

PaulTMcDonald

UniversityofCalifornia
DivisionofParasitology407WellmanHallBerkeleyCalifornia94720

ABSTRACT
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takenInthelaboratoryshortdays 8L 16D

evokethedevelopmentoffatbodyAutogenousmos
quitoesshowcontinuedovariandevelopmentwithreten
tionofeggsThegeneticbasisofdiapauseisunderinves
tigation

tionmousebloodmealswerenolongeridentifiableWith
alltheotherhostspecieshowevercharacteristiccrystals
formedandwereidentifiable24hoursafteringestion
Bloodmealsfromdoghorseandguineapiginmanycases
wereidentifiable48hoursafteringestion

OnlyonemosquitospeciesAedesnigromaculisadverse
lyaffectedtheprocesswhentestedwithcottontailand
mousehostsIdentificationofhostsfromthecommon

CalifornianmosquitoesAnophelesfreeborniandCulex
tarsaliswasveryreliable

Forthemajorityofhostsusedandmosquitoestested
therewerenoproblemswiththistechniqueandblood
mealscouldbeeasilyandreliablyidentifiedupto24hours
afteringestion



THECHANGINGROLEOFTHEPROFESSIONALENTOMOLOGISTIN

MOSQUITOCONTROLAGENCIES
RLeeNorlandandCharlesBeesley

Sincethefirstorganizedmosquitocontroldistrictswere
formedinCaliforniatheirnumbershaveincreasedsteadily
asagricultureandthehumanpopulationexpandedMos
quitocontrolhasbecomemorecomplexrequiringbetter
trainedpersonnelTobettermeettheneedmanydistricts
haveselectedmanagerswithformaltraininginentomology
Otherdistrictshaverespondedbyemployingfulltime
entomologistsThefollowingtableshowstherecentin
creaseinentomologicallytrainedpersonnelThesedata
werekindlysuppliedbyDrWDonaldMurraySecretary
TreasurerCMCA

Year

NoofAgenciesHaving

Manager Separate
Agencies EntomologistEntomologist

1964 56 12 7

1974 62 23 21

Manydistrictsalsoemployseparatetechnicianswithbio
logicalorentomologicalspecialtiesincludingfishbiologists
andresearchtechniciansTherearenowapproximatelytwo
dozenmanagersorentomologistswithadvanceddegreesin
entomologyandzoologysixofwhomhavePhDdegrees
Theseresidentscientistsrepresentanextraordinarycapabil
ityforapplyinganalyticaltechniquestocontroloperations
andforevaluatingprogramefficacyAlthoughtheentomol
ogistsrolevariessubstantiallyfromonedistricttoanother
itisprobablethattheprofessionalentomologistwillhavea
majorinfluenceonguidingmosquitocontrolinCalifornia
inthefutureThepurposeofthispaperistoofferabroad
yetrealisticdefinitionoftheentomologistsroleinamod
ernabatementdistrictunderthedirectionoforincollabo
rationwiththemanager

TRAININGOFPERSONNELTheentomologistshould
haveresponsibilityfortrainingotheremployeesHistrain
ingequipshimtoteachinaclassroomsettingfactsand
conceptsthatfieldpersonnelneedtocopewithfieldsitu
ationstheyarelikelytoencounter

Newseasonalemployeesshouldbetaughtmosquitobiol
ogycontrolmethodologyandsafetyproceduresTheento
mologistshouldutilizetrainingaidsincludingformal
lecturestrainingmanualsslidespreservedspecimensof
mosquitoesandtheirpredatorsandlivespecimensClass
roominstructionshouldbefollowedbyfielddemonstra
tionsofsamplingandcontroltechniquesThisphaseof
trainingmaybedelegatedtotheoperatorsfieldsupervisor
underdirectionoftheentomologist

KernMosquitoAbatementDistrictPostOfficeBox9428
BakersfieldCalifornia93309
2ContraCostaMosquitoAbatementDistrict1330ConcordAve

nueConcordCalifornia94520

89

Priortothemosquitoseasonrefresherseminarsshould
begivenpermanentfieldpersonnelRecentdevelopments
incontroltechniquesandnewmethodswhicharetobeused
shouldbeexplainedMosquitoidentificationshouldbere
viewed

Theentomologistshouldconductstudysessionstohelp
employeesprepareforstatecertificationexaminations
usingthetrainingmanualasaguide

ROUTINETECHNICALDUTIESTheentomologist
shouldberesponsibleforassessingprogressoftechnical
operationsThemanagershouldbekeptawareofthecur
rentstatusofcontroleffortsandofadjustmentsthatare
neededConsistentandcomprehensivefieldsamplingshould
bemaintainedcombinedwithavalidlaboratorybioassay
programadequatetodetectcontrolfailuresquicklyandto
allowearlycorrectiveactiontoheappliedeffectively

Seasonalsurveillancethroughlarvalandadultsampling
shouldbeincludedwithsufficienttrainedtechnicalperson
nelavailabletodothenecessaryanalysisofentomological
andchemicalresistancesamplesrequiredSeveralofthe
largerdistrictsnowmaintaincomprehensivetechnicalpro
gramanalysistoguidefieldoperations

Winterroutinedutiesincludepreparationofseasonalre
portssupervisingequipmentcalibrationplanningstrategy
forthecomingyearandplanningandpreparingpublicin
formationprograms

TECHNICALCONSULTATIONInadditiontoroutine
dutiessuchasadvisingthemanagerofdaytodaycontrol
problemsandtheiralternativesitistheentomologistsduty
tomakecertainthatthemanagerisaccuratelyinformedof
thepestsituationandtheentomologicalramificationsof
alternativecoursesofaction

Theentomologistmayalsobecalleduponbytheman
agertoprovidetechnicalinformationtotheBoardofTrus
teesontheprevailingentomologicalsituationthrough
periodicreportsTheBoardshouldalsobeinformedof
trendsandfindingsinmosquitoresearchandhowthese
pertaintotheirrespectivedistricts

Theentomologistisoftenaskedforentomologicalinfor
mationandadviceAgriculturalconcernsmaywanttoknow
thepossibleaquaticsideeffectsofapesticideapplication
Radiotelevisionornewspaperpersonneloftenrequestin
formationforthepublicmediaItistheentomologists
responsibilitytoprovidefactualinformation

RESEARCH Researchtraditionallyhasbeenconsidered
aprimaryprerogativeoftheuniversitieswithrelativelylittle
needforongoingresearchprogramsbylocalagenciesAlso
untiltheCaliforniaLegislatureassignedmosquitoresearch
exclusivelytotheUniversityofCaliforniain1966the
StatesBureauofVectorControlengagedinresearchon
mosquitoesManyabatementdistrictsformerlyfunctioned
onlyasoperationalentitiesandweredependentuponthe
stateagenciesforguidanceRecentdevelopmentshavesig
nificantlyalteredthispattern

Asaconsequenceofincreasingbudgetaryconstraints
growthofuniversityresearchstaffshasbeenunabletokeep
pacewithneedinmosquitocontrolandrelatedfieldsThe
universitieshavehadtoredirectresearchprogramstothe



longtermconcernswiththestatealthoughsomepure
academicresearchstillcontinuesManydistrictshavethere
foreinitiatedfieldresearchandtechnicaldevelopmentseek
ingsolutionstoimmediateproblemsinsomecasesarising
frompastinattentionduetothelackoftechnicalpersonnel
Theneedforimmediateresearchattentionisaggravatedby
increasedcommunityawarenessbytaxpayerswhoexpect
correctiveactionwhennecessaryforexamplewhenthe
agencyisconfrontedbyinsecticideresistanceThusthedis
strictthathastechnicalexpertisetopracticecontrol
throughpragmaticandmethodicaleffortsnotbycrisiswill
beinamuchbetterpositiontooperatesuccessfullyduring
theyearsahead

Thescopeofanactiveresearchprogramwithinanabate
mentdistrictshouldbedeterminedbytheagencysneeds
andresourcesWhenuniversitypersonnelmaynotbeable
tobecomephysicallyinvolvedwiththeresearchproblem
theyareusuallymorethanwillingtoprovideadviceand
guidanceThisresourceshouldbeutilizedAlsoabatement
districtentomologistswithresearchbackgroundsmaybe
abletoapplyforgrantsascoinvestigatorsonresearchgrant
proposalswithuniversityresearchworkers

ResearchfindingsshouldbepublishedpromptlySeveral
entomologicaljournalsshouldbeutilizedtobroadenthe
channelsofcommunicationPublicationcostsshouldbe
bornebythedistrict

OTHERPROFESSIONALOBLIGATIONSItisthe
entomologistsdutytokeepwellinformedofadvancesin
hisfieldThedistrictshouldsubscribetothemajorentomo
logicalpublicationsbuttheentomologistshouldsubscribe
tojournalshewishestoretainforhispersonallibraryThe
entomologistshouldbegrantedlibraryleavetimeLocal
collegeanduniversitylibrariesshouldbeutilizedforsearch
ingouttopicsofinterestandperusingbiologicaljournals
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Somedistrictshaveaneducationpolicypermittingemploy
eestoenrollinjobrelatedcoursesThesedistrictsmaybe
willingtogranteducationalleavetotheentomologistfor
periodiccoursesandcouldprovideforfeesandincidental
expenses

Theentomologistshouldparticipateinextracurricular
scientificfunctionsforitisimperativetomaintainacon
stantflowofthoughtandinterchangeofideasThecumula
tiveresultsoftheseeffortswillbenefitparticipatingdis
trictsHeshouldbeanactivememberoftheCalifornia
MosquitoControlAssociationandtheAmericanMosquito
ControlAssociationBothorganizationssponsorannual
meetingswheretheentomologisthasanopportunitytopre
sentreportsonhisstudiesandtobeupdatedontheworkof
othersTheCMCAEntomologyCommitteealsopresents
anintrastateprogrameachyearwhichaffordsindepthre
viewsonmajortopicsofconcernMostdistrictscurrently
underwritethecostoftravelbytheentomologisttothese
meetings

Localcollegesanduniversitiespublicschoolsyouth
groupsandotherorganizationsaffordanexcellentoppor
tunityfortheentomologisttoacquaintothersinthecom
munitywithhisscienceanditssignificanceintheirdaily
lives

Mosquitocontrolisevolvingrapidlytowardasophisti
catedtechnologyrequiringamorethoroughunderstanding
ofthenaturalandphysicalsciencesDistrictswhichemploy
aprofessionalentomologistshouldconsiderapersonwitha
postgraduatedegreeandshouldbepreparedtoprovidefull
supportincludinganadequatebudgetandatrainedtechni
cian

Keyresponsibilityforinsuringthatmosquitocontrol
districtsmoveforwardonafirmscientificbasisliesprima
rilywiththeentomologistHisguidanceisessentialifnew
technologyistoprogressefficientlyfromdevelopmentto
application



ANADMINISTRATIVEPROGRAMOFMOSQUITOSOURCEREDUCTION

ThetimehascomeforCaliforniasmosquitoabatement
agenciestotakeahardlookatourselvesandasksomeblunt
questionsWhereareweheadingandhowareweadjusting
tothiseraofrapidchangeHowarewereallymeetingthe
challengesofresistanceregulationseconomicsandenviron
mentalinfluencesWhatactuallyissourcereductionall
aboutWhatareitslimitsAnddoessourcereductionoffer

amoreresponsiblealternativefortomorrow
Thetermsourcereductionformanyyearshasbeen

usedlooselyvaguelyandconvenientlytoreferingeneral
toaphysicalportionofourtotalprogramsInthiswayit
hasbeenpossibletorationalizethatweareallsimilarlyen
gagedinaphysicalefforttoreducemosquitosourcesBe
causeoftheabsenceofanaccepteddefinitionoftheterm
sourcereductionwehavebeenprovidedwithabasisfor
producingmorelipservicethanresultsinrelatingtothis
endeavorAsamatteroffactthisvaguenesshasallowedfor
occasionalridiculeinsuchexpressionsastheballpoint
penisthemostusedtoolinsourcereduction

Forwhatevermaybethecombinationofreasonsthere
hasbeenaninclinationtowardfootdraggingintermsof
programmingforandaccomplishingsourcereductionPer
hapstheprocedureforsettingupanadministrativesource
reductionprogramisnotunderstoodanybetterthanisour
needforagreementonanapplicabledefinitionofsource
reduction

Consequentlybeforeanydetailsaresetforththefol
lowinggeneraldefinitionofsourcereductionisherewith
submittedforhopefulacceptanceandapplication
Sourcereductionisactuallymosquitopreventionperse
Specificallysourcereductionisacombinationofmental
andphysicalactivitythatmightbebestdescribedasapre
ventiveprocesswhichincludespublicrelationstechnical
assistanceandphysicalcorrectionItisnotsolelyaphysical
functionaswehaveerroneouslygivenreferenceformany
years

Ifthisdefinitionisacceptableitfollowsthatamuch
neededchangeinourworkreferencefrommosquitocon
troltomosquitopreventionisindicatedtoopenthedoor
toawholenewconceptforprogrammingtomeetourre
quirementsfortomorrow

Howeverifwearestilluncertainabouttomorrowand
retaindoubtsastotheneedforachangeinprogramdirec
tionletusaddupouryesterdayforCaliforniasmosquito
abatementagenciesWearenearingtheendofthethirddec
adeofaneraessentiallydedicatedtochemicalcontroland
repetitivesprayprogramswhereinwehavewornoutnumer
ouspesticidesdevelopedextremeresistanceencountered
increasingregulationsandnowfindourcostsofcontrol
haveskyrocketedbeyondwhatthepublicshouldanylonger
beexpectedtoassumeRealisticallywemustfacethefact
thatwehaveactuallycontinuedtosprayandrespraymany
ofthesamemosquitosourcesweekafterweekmonthafter
monthandregrettablybuttrueyearafteryearThebest
waytosummarizeouryesterdayistoadmititsoundslike
itshouldbeyesterdaysinceitbroughtusonlytothemos

RobertHPeters

NorthernSanJoaquinCountyMosquitoAbatementDistrict
PostOfficeBox224LodiCalifornia95240
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quitosourceratherthantothecauseandresponsiblesolu
tionofthemosquitosourceFurtherasweanalyzeour
mosquitosourceswemustconcludethatthevastmajority
ofmosquitobreedingareasareofmanmadeoriginrather
thanfromnaturalcausesThisfactshouldresultinthe

conclusionthattheownerofthemosquitosourceand
notthepublicagencyisthelegallyresponsiblepartyand
thatourprogramsshouldbeadjustedaccordingly

Ifwecanagreethatachangefromourpastisindicated
andanalternativeapproachisneededthenIsuggestthat
wehavereachedthestartingpointofwhatIrefertoasad
ministrativesourcereductionprogramsSincesourcere
ductionismosquitopreventionperseitshouldtherefore
berecognizedthatadministrativeinvolvementisthekeyto
thefuturetransitionItisessentialthattheadministratorbe

theunderlyinginfluenceinthisapproachsincethefirst
considerationinmosquitopreventionisreallocationofre
sponsibilityformosquitobreedingconsistentwithour
StateHealth SafetyCodeInadditionitshouldbeappar
entthatsinceanadministrativesourcereductionprogram
isadirectrelationshipbetweentheagencyandtherespon
siblepartyitmustbeginwith1purposefulplanningthen
2provisionforeffectivecommunicationbothwrittenand
verbal3inclusionoftechnicalassistanceandfinally
4physicaladviceandorequipmentassistancetoprovide
forcorrectionofmosquitobreedingsources

1Planning Thisphaseconsistsofthreemainconsidera
tions

aPolicyBytheGoverningBoardwhichprovidesthe
necessarybasisforarevisedprogramoutlinesempha
sisandreasonsforchange

bPublicityThroughthenewsmediapriortoanddur
ingtransitionwhererevisedpolicyismadeknownto
thegeneralpublicandthereasonstherefore

cTimingBytheAdministratortoprovideforeffective
executionofthepreventiveprogramItisrecom
mendedthatalatefallorwinterstartbeutilizedto

relatetothemosquitoseasonoftheoncomingyear
sincethisprovidestheallimportantperiodforunder
standingandacceptancewhilemosquitoesarenotan
urgentmatter

2Communications

aWrittenBytheAdministratorincludesinformation
alletterslettersrequestingappointmentsfollow
throughlettersandcitationsifneeded

bVerbalAttheadministrativelevelusuallybyAssist
antManagerforinitialcontactscoordinatedasneed
edwithappropriatelytimedmeetingswithsourcere
ductionrepresentativesThisisthenegotiationperiod

3TechnicalAssistance BySourceReductionSpecialists
wheresurveysandknowhowprovidelogicalandecon
omicalanswerstoeliminationorreductionofmosquito
breedingsourcesandadviceonwatermanagement

4PhysicalCorrection Dependingonwhichagencythe
availabilityofequipmentandorworkingrelationships
withprivatecontractors



Therearethreefundamentalprincipleswhichdetermine
theprobabilitiesforsuccessinaccomplishingthedesiredre
sultsinanadministrativesourcereductionprogram

1Therecanbenoexceptionsmadeinthisprogramand
allmosquitoproducers publicorprivatelargemedium
orsmall mustbeapproachedinasimilarmannerThe
onlyrecommendationisthatthelargestproblemsbegiven
highpriorityconsiderationalongwithanypublicmosqui
tobreedingsources

2Theentireprogrammustbedesignedtoexpectresults
andallcommunicationswrittenandverbalshouldbe
approachedaccordinglyResultsdefinedmeanssuccessful
transferofresponsibilityformosquitobreedingtothere
sponsiblepartywithanagreeduponconclusionofneces
sarystepstobetaken

3Sincesuccessfulpublicrelationsisinitiallymoreim
portantthantechnicalassistanceinproducingagreement
wemustrecognizethatsensitivityandfinesseinourcom
municationsareessentialforaccomplishingourdesiredre
sultsWemustkeepinmindthatpeopledonotthinkor
reactalikeandadjustmentsintimeandapproachareneces
saryduringthenegotiationprocessItshouldthereforebe
apparentthattheinitialverbalcontactshouldbemadeat
theadministrativeleveltoprovideafollowthroughofpro
gramintent

Failuretoproperlyutilizetheseprinciplesusuallyleads
tounnecessaryconfrontationandcouldeventuallyresult
intheinitiationofneedlesslegalabatementactionsItis
thereforeurgedthatsufficientplanningandtimingbeuti
lizedtoprovideapositivetypeprogramwhichapproaches
theresponsiblepartyinacooperativemannerandoffersthe
necessaryassistancetoenableamutuallyagreeablesolution
totheproblem

Forthebenefitofanyskepticwhoperhapswonderif
thisapproachwillphaseouttheneedforpesticidesthe
answerisNOItisinconceivablethatthedaywillevercome
whenthiswillbepossiblehoweverthisadministrative
sourcereductionprogramplacespesticideswheretheybe
longasanassisttoaprogramratherthanbeingaprogram
Astothesecondquestionofhowcanyoudeterminecom
plianceandconcludethatareasonabledegreeofsourcere
ductionhasbeenaccomplishedbytheresponsibleparty
theansweristhateachagencyshouldhaveinitspolicythat
ALLmosquitosourcesmustbereducedtothepractical
minimumAssuchtheagencymustreservetherightto
determinewhatisapracticalminimum

Thispreventiveprocessprogramplacesthepublicagency
intheproperperspectiveinrelationtothemosquitopro
ducerRatherthancontinuingtolooksidewaysatcareless
orextremewaterusagethissourcereductionemphasis
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coincidentlyresultsinmajorgainsinwaterconservation
alongwithmaximumlandusageItenablestheonlyevident
waytoavoidmanyofourregulationsthroughincreased
biologicalcontrolandtheopportunitytouselesstoxic
pesticidesaswellasprovidingprobablytheonlysoundway
tocopewithresistancePerhapsofgreatestconcerntoday
thisadministrativesourcereductionapproachdramatically
reducesthecostofoperationintermsofpesticidesandthe
evenhighercostofpesticideapplication

Thisadministrativeapproachisessentiallyaprogramof
educationinhownottoproducemosquitoesRatherthan
tryingtocarryonageneralprogramofpubliceducation
theadministrativesourcereductionapproachisinstead
aimeddirectlyattheknownmosquitoproblemsandthe
peoplewhocausetheseproblemsSinceourrecordsprovide
uswiththeknowledgeofwhereourmosquitoescomefrom
itappearslogicalandinevitablethatwereassignresponsi
bilitytowhereitbelongsandpracticemosquitoprevention
inthepublicinterest

Anadministrativesourcereductionprogramalsorequires
anevaluationofpersonnelneedsforthefutureWhilein
pastyearswehaveleanedtowardthescientistsinfulfilling
ourrequirementswheretechnicalproficiencyhasbeenof
primeconcernwenowcanlookinanotherdirectionfor
ableassistanceBasedontherecognitionthattoovercome
waterproblemswemustrelatetopeopleproblems and

shouldthereforelookforcompetenceinpublicrelationsas
theforemostfactorinchoosingkeyadministrativeperson
nelItshouldbeapparentthatinordertopreventmosqui
toeswemusthavesuccessfulcommunicationsbothwritten
andverbalasweassumeadirectrelationshipbetweenthe
agencyandthemosquitoproducerParticularlyisthistrue
intheverbalcontactswhichmustbemadeinthemajority
ofcasestoclarifyandjustifytheneedforacceptanceof
responsibilitybytheownerofthemosquitosourceTothis
endtheagencyrepresentativemustbecapableasaneduca
toraswellasasalesmanbutalsohemustbeanadvisor
withacommontongue

ThecaseformosquitopreventionprogramsinCalifornia
isherewithsubmittedAtbestwearecurrentlyspinning
ourwheelsandnotkeepingpaceeitherwiththedesired
levelofmosquitocontrolorfollowingthetrendofgovern
mentfortodayWesimplycannotcontinuetoabsorbthe
costandresponsibilityforsloppywaterusagewhichpro
ducesmosquitoeswhenwehaveanotheralternativeThis
alternativeshouldbeloudandclearwemuststopbaby
sittingthemosquitoproducerandtrulyreassignresponsi
bilitytowhereitbelongsYesthiscanbedoneinapro
gramwhichdefinessourcereductionasmosquitopreven
tionperseandproceedsaccordingly



VERBALCOMMUNICATIONTECHNIQUESINACCOMPLISHING

SOURCEREDUCTION

Whilethispaperrelatestoverbaltechniquesinaccom
plishingsourcereductionIbelieveitshouldbeclearlyin
dicatedthatourprogramapproachessourcereductionat
theadministrativelevelasameansofpreventingmosquitoes
districtwideOursisaprogramwhichisbasedoneffective
communicationsinallformswiththemosquitoproducer

Fouryearsagoweattendedmeetingsonresistanceinthe
southernpartoftheSanJoaquinValleyandwehadoneof
twochoicestomakewaitforanothermiracleinsecticide
orcomeupwithadifferentmethodtocombatmosquitoes
WemetwithourBoardofTrusteesandcameupwithanew
revisedpolicyofoperationsusingthegreatestweaponposi
ble thewordresistance Weusedthenewsmediato

communicatewiththepublicandinformationallettersto
mosquitoproducersusingmosquitoresistancetothemaxi
mumtojustifythechangesinourprogram

Todatewehavechangedourroutinesprayprogramof
thepastintoaprogramofmosquitopreventionwhichI
canhonestlysayisreceivingrespectfromthefarmers
ratherthanresentmentAtfirstpeoplewerecuriousasto
howourrevisedpolicyofoperationwouldaffectthembe
causemanyfeltwewerediscontinuingoursprayprogram
entirely

Thisleadsusintoverbalcommunicationwiththepublic
toattainthedesiredresultsProperconditioningofthemos
quitoproducerismostimportantThismaybeaccomplish
edthroughthenewsmediabyexplainingtheagencys
policyandbyeffectivelywrittencommunicationsfrom
theadministratorThelettersmustpositivelyindicatethat
correctivestepsareexpectedwithinadesignatedperiodof
timeandstronglysuggesttheycontactourofficeto
arrangeanappointment

AppointmentTimeThisiswherethefunbeginsThisis
wheninthefirstfewminutesyourprogramiseitherre
ceivedortemporarilyrejectedIsaytemporarilyrejected
becauseinourprogramweacceptnootheralternativethan
toobtainresults

Thereareseveralimportantqualitiesneededforsuccess
fulverbalcommunications

ADirectness Ibelieveyourapproachshouldberightto
thepointanditshouldbestatedwheretheresponsibil
ityforcorrectionliesThefarmerhasreceivedfromone
tothreelettersfromthemosquitodistrictandheknows
thismeetingwillprobablycosthimmoneyFromthe
verybeginninghewillbeonthedefensiveandisnotin
themoodforsmalltalkItismostdifficulttoprepare
inadvancewhatyouaregoingtosaybecauseyouhave
nowayofknowingwhathisreactionisgoingtobeA
methodofapproachIhaveusedquitesuccessfullyisthat
wehaveamosquitoproblemonyourpropertyandneed
yourhelpFirstofallhebeginstothinkHowcanhe
helpmesolveamosquitoproblemIdonthavebe

JackFiori

NorthernSanJoaquinCountyMosquitoAbatementDistrict
PostOfficeBox224LodiCalifornia95240
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causeinmostcaseshedoesntbelieveheisraisingmos
quitoesorevenhaswaterstandingonhispropertyHe
mustunderstandtheimportanceofcorrectingallmos
quitoproblemstoapracticalminimumandthatevery
oneisbeingcontactedandexpectedtomaketheneces
sarycorrectionsYoumustthoroughlyknowhisparticu
larmosquitoproblemsmethodsofcorrectionapproxi
matecostsandlocalequipmentandoperatorsthatare
available

BSincerity Youmustbesincereandhonestinyourap
proachandaboveallrememberyouareatypeofsales
manandtheproductyoumustfirstsellisyourselfIf
youcannotconvincethefarmerhopefullywithoutmak
inglegalthreatsthatthecorrectiononhislandisneces
sarythenyouhaventreallysoldtheprogram oryour

selfHemustbeconvincedthatregardlessofsizeevery
mosquitoproducerinthedistrictisgoingtobecontact
edandthatnecessarycorrectionsmustbemadewith
noexceptionsallowed

Theremustbemutualrespectbetweenyouandthefarm
erandsometimesthismaybedifficultHowdoyou
changethemindsofsomepeoplewhohaveneverre
spectedthemosquitocontrolprogramorthepersonnel
workingforthedistrictLetsnotfoolourselves
wehavecreatedthisfeelingofdisrespectbysprayingthe
samebreedingareasyearafteryearandgettingourjeeps
stuckinthesamebogholestimeandtimeagainIttakes
timeeffortandalotofhardworktoregainthisrespect
andyoucannotdoitbysittingbehindadeskormerely
sendinglettersrequestingcorrectionoftheirmosquito
problemsYoumustworkwiththeminthefieldgetto
knowthemandalsoallowthemtogettoknowyou
Afteraperiodoftimetheywillrealizeyouaretryingto
workwiththemandtheywillbegintotrustyouand
yourrecommendationsAtthistimethebestpublicity
youandyourprogramcanreceiveisbywordofmouth
fromneighbortoneighborTodaypeopleingeneralare
tiredofgovernmentalagenciestellingthemwhatthey
canorcannotdoWhentheyrealizewearetryingto
workwiththemandnotagainstthemandwhenyou
makeeveryeffortpossibletoworktogetherthisiswhen
youwillstartregainingtheirrespectandcooperation

CKnowledge Firstofallyoushouldhaveknowledgeof
agencypolicyforoperationsInOctober1971andeffec
tivein1972ourboardoftrusteesrevisedourpolicyof
operationsBecauseofresistancewecannolongerdo
unlimitedsprayingofmosquitosourcesbutwilldoa
limitedsprayprogramonthosepropertieswheremos
quitobreedingsourcesarecorrectedandreducedtothe
practicalminimumThisincludesmaintenanceofponds
sumpsditchesanddrains



Secondlyaknowledgeofpracticalfarmingisessential
Youshouldunderstandfarmingproblemssuchasthedif
ferentcrops cloveralfalfarowcropsetcOneofthe
mostimportantisirrigationproceduresonthedifferent
crops

Athirditemofimportanceispracticalknowledgeof
sourcereductionYoumustunderstandpeopleandbe
abletocommunicatewiththemOneofthemostimpor
tantpointstostressisthatthemajorityofmosquito
problemscanbecorrectedbyapracticalsolutionrather
thanacomplicatedexpensiveplan

DCommonTongueandCommonSense Whentalkingto

Atechniquebywhichcoordinatesonagraphareused
todetermineacreagehasbeendevelopedbecauseamethod
ofquicklyestimatingthenumberofsurfaceacresinabody
ofwaterwasneededbyworkerswhomakeonthespot
acreageestimates

Thetechniqueinvolvespacingalongtwosidesofanarea
andcomparingthenumberofpacestocorrespondingnum
bersonagraph somethingontheorderofacurvingmul
tiplicationtableAlthoughrelativelyaccurateitisnotin
tendedtoreplacethemoreexactmethodsofacreagedeter
minations suchasengineeringtechniquesoraerialphoto
graphy becausethegraphmethodhasatleastthefollow
inglimitations

IThereliabilityofthemethodwillvarywiththeskillof
thepacerandsincethesubjectisareaanyerrorsin
pacingwouldbesquared

2Theprecisionofthepacerinturninga90angleisvery
important

3Thegraphwillnotworkonverylongandnarrowshapes
norwithparallelogramswhoseacuteanglesarelessthan
80

4Irregularshapedareasinroughterrainmightbevery
difficulttoclassify

DIRECTIONSFORUSEOFTHEGRAPHMETHOD

Afullgeometricalpacemeasuredfromtheheelofone
foottotheheelofthesamefootwhenitnexttouchesthe

groundisfivefeetlongThepacershouldstrivetomaintain
thismeasureNinetydegreeturnsaredesirablewhenpacing
thesecondsideofanareabecauseerrorsbecomesignificant
wheneverdeviationsgreaterthan10fromarightangle
occurCorrectinitialclassificationoftheshapewhichisto
bemeasuredisimportant

Squareorrectangularareas

1BeginpacingatanycornerandpaceoffafullsideUse
thenumberofpacesasoneofthecoordinates
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farmersweshouldrefrainfromusinglargewordsor
phraseswhichonlyweinmosquitocontrolunderstand
IthinkcommonsenseisthemostimportantIfmore
peoplewillusecommonsenseandthinkbeforespeak
ingourbigproblemsmaybereducedtosmallerprob
lems

ThesekeywordswhichIhavestressedtoday direct

nesssincerityknowledgecommontongueandcommon
sensearewhatIhaveusedforthepastthreeyearsinour
successfulsourcereductionprogramIthasworkedforme
anditcanworkforanyonewhothinksintermsofmos
quitoprevention

AGRAPHICMETHODOFDETERMININGACREAGE

BryanTWhitworth

TulareMosquitoAbatementDistrict
PostOfficeBox1476TulareCalifornia93274

2Paceoffanyadjacentsideandusethenumberofpaces
asthesecondcoordinate

3Lookatthegraphtoseewherethosetwocoordinates
intersectatornearacurvedlineSincethecurvesre
presentacresthepointofintersectionrepresentsthe
approximatenumberofacresinthatparticularplot

Circularareas

1Paceoffanareaaslongasthediameterofthecircle

2Multiplythenumberofpacesby9andusetheproduct
forbothcoordinates

Ovalareas

1Paceoffadistanceequaltothelongaxisoftheovaland
multiplythenumberofpacesby9toobtainonecoordi
nate

2Makea90turnandpaceoffadistanceequaltothe
shortaxisoftheovalMultiplythenumberofpacesby
9toobtainthesecondcoordinate

RightTriangleareas

1Paceofftheshortestsideofthetriangleandusethe
numberofpacesasonecoordinate

2Paceoffthenexttotheshortestsideofthetriangleand
useonehalfofthenumberofpacesasthesecondcoor
dinate

AcuteEquilateralorObtusetriangularareas

1Paceoffwhatappearstobethelongestsideofthetri
angleUseonehalfofthenumberofpacesasthefirst
coordinate

2Makea90turnandpaceuntilyouareabreastofthe
apexofthetriangleUsethenumberofpacesasthe
secondcoordinate
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GENETICSOFNEWMUTANTSINTUXTARSALIS

SisterMonicaAsman

UniversityofCalifornia
SchoolofPublicHealthWarrenHallBerkeleyCalifornia94720

Viableandeasilydetectedgenemutationsarebasicto
facilitatingstudiesdirectedtowardsgeneticapproachesof
mosquitocontrolTensuchmutants spontaneousorin
ducedbyEMS haverecentlybeenisolatedfromvarious
geographicstrainsofCulextarsalisandestablishedas
stocksOfthesefourarerecessiveautosomaleyemutants

twoaffectingeyecolorandtwothestructureofthe
compoundeyeTwoothermutantsaffectthestructureof

ABSTRACT

thefemalepalpandonethestructureofthemalepalp
linkagehasnotyetbeendeterminedbuttheyarerecessive
Threemutantsaffectthecoloroftheventralabdominal

scalesinbothsexesandareautosomalOftheseoneisre

cessiveandtheothertwoshowincompletedominanceas
theirmodeofinheritanceSomeofthesemutantswillbe

combinedinamarkerstockforgeneticstudiesinthis
species

AEDESSIERRENSISLUDLOWASAVECTOROFFILARIALWORMS

CJWeinmannandRGarcia

UniversityofCalifornia
BerkeleyCalifornia94720

CertainbiologicalattributesofAedessierrensisaswell
aslaboratorydatasuggestthatthisspecieshasahighvector
potentialfortransmissionofthedogheartwormDirofilaria
immitisExperimentalworkalsowasconductedonthesalt
marshmosquitoAdorsalisDevelopmentofthenematode
inthesetwospeciesisreportedforthefirsttimeThe
followingCaliforniamosquitospeciesalsoareknownto
supportdevelopmentofthedogheartwormandalsoare
possiblevectors4edescinereusAfitchiiAtaeniorhyn
chusAvexansAnophelesfreeborniApunctipennisCu
lexpipienspipiensCpipiensquinquefasciatusCtarsalis
andCterritans

IDivisionofEntomologyandParasitology
2DivisionofBiologicalControl
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Thesalientfeatureswhichsupportthecontentionthat
thetreeholemosquitoisastrongcandidateasavectorof
dogheartwormareasfollows

1Feedsreadilyondogsinnature

2VectorofanotherfiliarialworminCaliforniaSetaria

yehiindeer

3WidespreadinCaliforniarecordedfrom52counties
breedsincloseproximitytomananddogsinmanyur
banandsuburbanareas

4Adultsarelonglived

5Adultpopulationsappeartoremainlocalizedifhost
populationsareavailablethusincreasingthechanceof
multiplefeedings

6Laboratorystudiesindicatethatadultssupportthe
developmentofingestedfiliarialwormstotheinfective
stage



MOSQUITOPROBLEMSASSOCIATEDWITHMANMADEIMPOUNDMENTS

INWESTERNANDMIDWESTERNUNITEDSTATES

FredCHarmstonandLouisJOgden
PublicHealthService DepartmentofHealthEducationandWelfare

WaterResourcesBranchVectorBorneDiseasesDivisionCenterforDiseaseControl
PostOfficeBox2087FortCollinsColorado80522

Thedevelopmentofmanmadeimpoundmentsinthewestern
andmidwesternUnitedStateshascausedmanyseriousmosquito
problemsFailuretoincorporatesuchpreventivemeasuresasshore
lineconditioningmarginaldrainagevegetationcontrolandwater
levelmanagementintothedesignconstructionandoperationof
impoundedwaterprojectsresultsintheproductionofmosquitoand

INTRODUCTION

InthewesternandmidwesternUnitedStatesvarious

typesofmanmadeimpoundmentsserveawiderangeof
needsintheconservationmanagementandutilizationof
waterresourcesTheseimpoundmentsbothpubliclyand
privatelydevelopedrangefromlargelakesorreservoirs
withsurfaceareasofthousandsofacrestosmallfarmim

poundmentsoflessthanoneacreInmostcasesthelarge
impoundmentsservemultiplepurposeswhichmayinclude
thoseassociatedwithnavigationfloodcontrolhydroelec
tricpowergenerationirrigationmunicipalandindustrial
watersupplyandfishandwildlifeExamplesofthesmall
impoundmentsusuallydevelopedtoserveasinglepurpose
includelivestockwateringpondslogstoragepondswaste
stabilizationlagoonsfishandwaterfowlrefugesrecreation
alreservoirsandfloodwaterdetentionreservoirssuchas
thosedevelopedbytheSoilConservationServiceThecom
binedtotalareaofthesesmallimpoundmentsinthewestern
andmidwesternStatesissubstantialbecausesomanyhave
beenbuilt

Studiesconductedoverthepast4decadeshaveshown
thatmanmadeimpoundmentsfrequentlybecomeprolific
sourcesofmosquitoes

NATUREANDSCOPEOFMOSQUITOPROBLEMS
ASSOCIATEDWITHMANMADEIMPOUNDMENTS

Methodsforcontrollingthemosquitoproblemsassoci
atedwithimpoundedwaterprojectsintheTennesseeValley
havebeenevaluatedandreportedformanyyearsBishop
andGartrell1944ChristopherandBowden1957Gartrell
1951Gartrelletal1972Themostimportantpublic
healthproblemconcernedthecontrolofmalarialmosqui
toeswherethebasicprinciplesforsourcereductionofmos
quitoproducinghabitatsassociatedwithimpoundedwater
wereclearlydemonstratedduringthe1930sandearly
1940sbytheTennesseeValleyAuthorityHessandHall
19431945USPublicHealthServiceandTennesseeVal
leyAuthority1947WiebeandHess1944Inthewestern
andmidwesternregionsofthecountrymosquitoproblems
associatedwithimpoundedwaterprojectswerenotwidely
recognizedandwerenotintensivelystudiedaswereearlier
malariaoutbreaksinthevicinityofmanmadeimpound
mentsinthesoutheasternStatesNeverthelessmosquito
problemsassociatedwithimpoundmentsintheMidwest

ABSTRACT
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othervectorpopulationsthatincreasetheriskofvectorbornedis
easesMethodsthatwillminimizemosquitoproductioninimpound
mentprojectsarereviewedThevalueofretrospectivestudiesfor
correctingexistingmosquitoproblemsandevaluatingrecommenda
tionsforlongtermmosquitopreventiononwaterresourcesprojects
isdiscussed

havebeendocumentedEdman1964Harmston1964and
therehasbeenconcernincertainwesternandmidwestern

Statesrelativetotheapparentrelationshipbetweensporad
icoutbreaksofencephalitisamonghumansandhorsesand
theproductionofvectormosquitoesinhabitatsassociated
withwaterresourceprojectsHansen1952Hess1958
Thesehavebeenparticularlyassociatedwiththedevelop
mentofirrigationagricultureHarmstonetal1956Hess
etal1970Researchersinpublichealthagenciesandelse
wherehaveconductedstudiestogainabetterunderstand
ingofmosquitoproblemsinthediverseecologichabitats
throughoutthewesternandmidwesternStatesEffective
mosquitocontrolmeasuresneedtobeimplementedbecause
oftheincreasingnumberofproblemsthataredirectly
associatedwithwaterresourcedevelopmentanduse

Theresultsofextensivestudiesonmosquitocontrolat
largeimpoundmentsinthesoutheasternUnitedStateshave
alreadybeencitedLikewisearticleshavebeenpublished
ontheresultsofstudiesdealingwithmosquitocontrol
problemsassociatedwithvarioussmallimpoundmentssuch
aslogstoragepondsHarmstonetal1960Ogdenetal
1960floodwaterretardingreservoirsCarreker1965and
wastestabilizationlagoonsBeadleandHarmston1958
MyklebustandHarmston1962RappandHarmston1964
RozeboomandHess1944

Theaforementionedstudiesonmosquitoproblemsasso
ciatedwithimpoundedwaterhaveprovidedbasicinforma
tiononthetypesofmosquitoproducinghabitatsfrequently
producedbysuchprojectsThesehabitatsincludeshallow
areasusuallyintheupperreachesandtributaryembay
mentsoftheimpoundmentwhichcontainemergentvege
tationofflotageandaresubjecttoprolongedorintermit
tentfloodingduringthemosquitobreedingseasonUn
draineddepressionsborrowpitsandmarshyhabitatswith
inthesummerfluctuationzoneseepagehabitatsbelow
damsandpondedwaterbehinddikesandleveesarealso
typicalareasinwhichwatermaystandlongenoughtopro
ducemosquitoesTheextentandproductivityofsuchhabi
tatsandthekindsofmosquitoesproducedthereindepend
upontheinteractionofvariousdiversefactorsThesein
cludelocationandtopographyoftheimpoundmentbasin
thetypeandamountofvegetationsubjecttoshallowinun
dationandthefrequencyanddurationoffloodingwhich
maybeaffectedbyclimaticconditionsandthemulti
purposefunctionsoftheimpoundment



Despitetheapparentcomplexityoffactorswhichinflu
encemosquitoproductionassociatedwithartificialim
poundmentsithasbeendemonstratedthatconditionsfav
oringmosquitoproductioncanbeminimizedoreliminated
byincorporatingsourcereductionmeasuresintotheplan
ningconstructionandoperationofimpoundedwaterpro
jectsVarioustypesofmeasuresthathavebeenshowntobe
effectivewhenusedsinglyorincombinationincludeshore
linemodificationthroughdeepeningandorfillingHess
andHall1943RozeboomandHess1944ReesandWinget
1969marginaldrainagetoassurethatpotentialponding
areassubjecttofloodingathighpoolelevationswillbede
wateredatlowerpoolelevationsGartrellandKiker1948
removalofvegetationandflotagefromprotectedembay
mentsReesandWinget1969GartrellandKiker1948
provisionofdrainstoeliminateorminimizeseepagehabitats
belowdamsinstallationofdewateringfacilitiesortheuse
ofothermeasurestominimizemosquitobreedinginponded
areasbehinddikesandleveesGartrellandKiker1948and
useofwaterlevelmanagementtocontrolorinterruptmos
quitoproductionHessandKiker1943

THEPROGRAMOFTHEPUBLICHEALTHSERVICE
RELATEDTOMOSQUITOPROBLEMSASSOCIATED

WITHWATERRESOURCEDEVELOPMENTS

Irirecognitionoftheapparentrelationshipbetween
waterresourcedevelopmentandproductionofsocalled
encephalitismosquitoes thePublicHealthServicePHS
in1952establishedaWaterProjectsSectioninitsVector
ControlandInvestigationsBranchtoguidethePHSpro
gramforthepreventionandcontrolofmosquitoproblems
ofpublichealthimportanceassociatedwithwaterresource
developmentsHansen1952Headquartersofthisprogram
wasinSaltLakeCityandfieldofficeswereestablished
inseveralofthewesternandmidwesternStatesThemajor
objectivesofthenewprogramweretoinvestigatethe
natureandscopeofmosquitoproblemsassociatedwith
waterresourceprojectstodevelopeffectivecontrolmeas
urescompatiblewiththevariousphasesofwateruseto
assistthevariousconstructionagenciesinbuildingpre
ventivemeasuresintonewprojectsandtopromoteactive
interestinminimizingmosquitoproductioninexisting
waterresourceprojectsTheseobjectiveshavebeenpursued
withvaryinglevelsofbudgetsrysupportstaffandfacilities
withintheCenterforDiseaseControlCDCVariousreor
ganizationsandstaffrelocationshaveoccurredThepresent
centerforthisactivityistheWaterResourcesBranchin
CDCsVectorBorneDiseasesDivisionatFortCollins
ColoradoForthemostparttheseactivitieshavedealtwith
irrigationrelatedmosquitoproblemsincludingthoseasso
ciatedwithwaterstorageanddistributionfacilitiesmanage
mentofwateronirrigatedlandsanddrainageToalesser
degreetheactivitieshavedealtwithmosquitoproblems
associatedwithwaterimpoundedforpurposesotherthan
irrigationincludingthoseoffloodcontrolrecreationand
fishandwildlifeenhancementInadditiontobeingclosely
associatedwithvariousFederalagenciesinvolvedwithwater
resourcedevelopmentandusetheactivitieshavebeencoor
dinatedandconductedincooperationwithcounterpart
groupsinStateandlocalhealthdepartmentsCooperative
preandpostimpoundmentstudiesconductedfrom1960
to1966ontheCrookedRiverProjectinOregondemon
stratedthatcertainsoilandwatermanagementmeasures
beneficialtoagriculturearelikewiseeffectiveineliminating
mosquitoproducingareasWaterResourcesCouncil1968
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CDCevaluationreportshavebeentransmittedtowater
resourcedevelopmentagenciesinthesereportsthevarious
measuresforminimizingproductionofmosquitoesthat
shouldbeconsideredinplanningconstructingandoperat
ingwaterresourceprojectsareoutlinedSincethe1950s
theseactivitieshaveinvolvedofficereviewsofplansofpro
posedprojectsandinarelativelyfewcasesapreconstruc
tionsurveyoftheprojectareaThedataobtainedfrompre
constructionsitesurveysareextremelyvaluableinassessing
thepotentialimpactofprojectdevelopmentonmosquito
problemsandindeterminingpreimpoundagecorrective
measuresbutsuchsurveyshavebeenseverelylimitedby
restrictivebudgets

RetrospectiveStudiesOnlyafewpostconstructionor
retrospectivefieldstudieshavebeenmadeofprojectsthat
werereviewedandevaluatedpriortoconstructiontodeter
mineifrecommendedpreventivemeasureswereincorpor
atedintoprojectconstructionandoperationTheeffective
nessofsuchmeasuresortheneedforanyadditionalcor
rectiveworkwasalsoevaluatedSuchretrospectivestudies
areanimportantaspectofthepresentprogramSincespe
cificpreventivemeasuresarenotreadilyavailableforall
potentialproblemareasthatmayresultfromprojectcon
structionthesestudiesshouldprovidebetterinsightinto
thetypesofproblemsthathavedevelopedTheyalsoare
expectedtoprovidetheopportunitytoimproverecom
mendationsforlongtermcontrol

Retrospectivefieldsurveysweremadein1974ofthe
followingUSArmyCorpsofEngineersprojectstheJohn
DayProjectOregonWashingtontheLowerGranitePro
jectWashingtonIdahoandtheLewisandClarkLake
NebraskaSouthDakotaThefollowingBureauofReclama
tionprojectswerealsosurveyedtheSeedskadeeProject
WyomingandtheBakerProjectUpperDivisionOregon
Thesestudiesshowedthatthedevelopmentofallofthese
projectscreatedimportantandextensivemosquitohabitats
Thestudiesalsoshowedthattheconstructionagenciesdid
notfollowthevectorcontrolmeasuresrecommendedinthe

preconstructionevaluationreportRepresentativesofthese
agencieshaveexpressedawillingnesstoimplementcontrol
measures

During1975workisplannedincooperationwiththe
BureauofReclamationandtheCorpsofEngineersattwo
waterresourcesprojectlocationsAteachsitethevector
producingareaswillbedelineatedandcorrectivemeasures
willbeinitiatedFishandgameinterestswillbeconsidered
inanyhabitatmodificationproposalssoastominimize
mosquitoproductionwhilemaintainingwildlifehabitat

SUMMARY

Insummarymostmosquitoproblemareasassociated
withthewidevarietyofimpoundedwaterprojectshavere
sultedfromconditionsthatcouldbeminimizedorelim

inatedbyadequatelypreparingtheimpoundmentbasindur
ingconstructionandimplementingsourcereductionmeas
uresfollowingimpoundageInmostcasespersonnelin
agenciesthatconstructandoperatetheseprojectslackbasic
knowledgeaboutmosquitobiologyandtheprinciplesof
mosquitocontrolWithoutsuchinformationandknow
ledgeagenciessuchastheBureauofReclamationSoilCon
servationServiceandtheUSArmyCorpsofEngineers
finditdifficulttoincorporaterecommendedvectorcontrol
measuresintotheconstructionandoperationoftheirpro
jectsIndeedthecomplexityofcertainconditionsassoci
atedwithvariousimpoundedwaterprojectsmayalsocon



foundentomologistsandvectorcontrolbiologistswith
muchexperienceinvectorproblemsassociatedwithwater
andrelatedlandresourcedevelopmentsOnthebrighter
siderecentretrospectivestudiesandsubsequentcontacts
withwaterresourcesdevelopmentagencieshaveresultedin
measuresbeingimplementedtominimizemosquitopro
ductionatselectedmanmadeimpoundments
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DUGESIADOROTECEPHALAFORCHIRONOMIDCONTROLIN

SHALLOWWARMWATERHABITATS

YuEFLegnerGCMcFarlandandFPelsue

ABSTRACT

H

TheplanarianDugesiadorotocephalaWoodworthisa
potentiallyeffectivebiologicalcontrolorganismwhichof

ResearchpartiallysupportedbyNationalScienceFoundation
GrantNoGB31068andgrantsinaidandassistancefromthe
SoutheastMosquitoAbatementDistrictandtheLosAngelesCoun
tyFloodControlDistrict

2DivisionofBiologicalControlUniversityofCaliforniaRiver
sideCalifornia92502

3SoutheastMosquitoAbatementDistrict9510SouthGarfield
AvenueSouthGateCalifomia90280Deceased January12
1975

4SoutheastMosquitoAbatementDistrict9510SouthGarfield
AvenueSouthGateCalifornia90280
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ferspossibilitiesforchironomidmidgelarvalcontrolIn
January1974wefirstobservedasignificantmortalityof
ChironomusspplarvaeinanaquariumstockcultureofD
dorotocephalaCompletenaturaldestructionofchironomid
larvaebyDugesiawasalsoperiodicallyobservedbyoneof
usEFLegnerinportionsoftheCoyoteCreekand
otherdrainagesintheLosAngelesareasince1971There
forecarefullycontrolledlaboratoryandlargescalefield
experimentsarebeingundertakentodeterminepredation
effectivenessofDdorotocephalawhenartificiallyinocu
latedinnaturallybreedingpopulationsofchironomidmid
gesPreliminaryresultsindicatethatover85controlof
severalchironomidspeciesmaybeattainableinpractical
utilization



MOSQUITOCONTROLTHROUGHVERTICALDRAINAGEOFPONDED
TAILWATERINFLOODIRRIGATEDPASTURES

LevburnFLewisandDavidGBrandl

UnitedStatesDepartmentofAgriculture

WesternInsectsAffectingManandAnimalsLaboratoryAgricultureResearchService
5544AirTerminalDriveFresnoCalifornia93727

AroundFresnoCaliforniaAedesnigromaculisLudlow
isthemostabundantandpestiferousmosquitothatbreeds
inirrigatedfieldsItschiefhabitatsarethelowareasand
thepondedtailwaterinfloodirrigatedpasturesWithout
muchdoubtAnigromaculisinrecentyearshasincreased
inimportancearoundFresnoduetoarathermassivemove
mentoffamiliestooutlyingsmallacreageresidentialsites
thathavebeencarvedoutoflargerfarmsbyrealestatede
velopersThenewownersofthesmallacreagesitesindulge
inawidevarietyofconstructionactivitiesrangingfrom
moderatelypriceddwellingstoelaboratehomeswithbeauti
fullandscapingpatiosswimmingpoolsandotheroutdoor
recreationalfacilitiesInsomeinstancesallofthelandin
excessofthatrequiredforthehouseandyardisusedfor
incomecropssuchasfruitandnuttreesorgrapevinesbut
sinceoneoftheprincipalforcesmotivatingthemovement
tothecountryisthedesiretoownahorseagreatnumber
ofownersendupwithsmallpastures

Waterrightsfromtheoriginalfarmsgenerallygowiththe
newlycreatedhomesitesandthissocalledditchwater
purchasedfromirrigationdistrictsquiteoftenissupple
mentedbyirrigationwaterfromprivatelyownednewly
boredorpreviouslyexistingwellsThusmostnewowners
haveaccesstoanabundanceofirrigationwaterThecombi
nationofsmallfloodirrigatedpasturesthenewowners
lackofexperienceinirrigationandtheabundanceofwater
resultsalmostinvariablyingrossoverfloodingponded
tailwaterandahighlevelofmosquitoproductionButthe
averagesmallpastureownercanseenopracticalsolution
tothedilemmaofmosquitoproductionotherthantopro
ceedasthoughitisaregrettablebutintegralpartof
theirrigationprocessandassuchtheproblemdoesnot
devolveontheownerbutonthemosquitocontroldistricts

TodateboththeFresnoandtheConsolidatedmosquito
controldistrictshaveinfactprovidedexcellentlarvalcon
trolinthesuburbanpasturesthroughthelaboriousprocess
ofsearchingonfootforandhandtreatingthepocketsof
larvaethatdevelopduringeverywateringcycleButthe
controlpracticeisburdensomeandexpensiveandinaddi
tiongivespromiseofbecomingmoresounlessaviable
solutionevolvesfordecreasinglarvalproduction

Theintractablenessoftheprobleminducedustore
examineverticaldrainageasaprocessthatmightbede
velopedintoatoolthatthecontroldistrictscouldusein
thesmallpasturesThisreportsummarizessomeofthe
findingsandconclusionsmadeinverticaldrainageresearch
in1974

MATERIALSANDMETHODSOurboringrigwasde
scribedinthe1973proceedingsoftheCMCALewisetal
1973Our6inchdiameter8ftlongaugerhassincebeen
lengthenedto12fthoweverandtheboringrighasbeen
modifiedtotheextentthatboringisaonemanoperation

Allholesboredin1974were11ftdeepandwerefilled
withcoarse inchaggregateasweretheholesweboredin

101

previousyearsOurholefillingoperationhasevolvedintoa
rapidmechanizedonemantaskalsowiththeaggregate
conveyedtotheholeswithahydraulicallypoweredauger
thatisattachedtotherearofamodifieddumptruck

Mostfieldsthatproducedheavymosquitopopulations
hadareaswithcontinuouslystandingwaterthathadtobe
pumpedoutatleast4daysbeforewecouldboreinthem
Weevacuatedthosepondedareaswithaunitcpnsistingofa
selfprimingcentrifugalpumppoweredwitha1cylinder
gasolineengineTheunitwasmountedona2wheeltrailer

RESULTSANDDISCUSSIONThefirstsmallfieldwe

attemptedtodrainproducedmosquitoesinlowspotsthat
werescatteredsomewhatatrandomin6ofthe9checks
Weboredfrom2to5holesperlowspotforatotalof18
holeswhichthereaftercausedthewatertodisappearfrom
thelowareasbeforeemergencecouldoccur

Butinallothersmallpastureswefoundourselvesdealing
primarilywithtailwateratthelowerendsofthefieldsAl
mostinvariablymudholeswereinvolvedandsometimes
ditchesorremnantsofditchescontributedtotheponding
processThemudholesditchesandotherpondedareas
eitherremainedinundatedbetweenwateringsorwouldnot
drysufficientlytosupportourequipmentTogetthesoggy
areasdrybetweenwateringsweriggedupthepumpingunit
describedaboveandusedittoevacuatethewaterfromthe

problemareasataskthathadtobecompletedatleast4
daysbeforewecouldbore

Thenweboredin9moresmallpasturesThreehad
ditchesaswellasmuddyareasalongtheirlowerendsIn2
pasturesweboredonlyintheditchessincewejudgedthat
theyweredeepenoughtodrainofftheextraditchwater
providingthedrainageholeswouldhandleasufficientvol
umeofwaterButinthepastureswithoutditcheswebored
onlyaproportionateshareoftheholesalongthelower
endsofthecheckswhilebyfarthegreaternumberwere
boredforvaryingdistancesupfieldinordertoevenlyen
compassthetotalofeachpondedarea

Duringthecourseoftheinvestigationitbecameevident
thatconcentratingtheholesincollectingditchesalongthe
lowerendsofthepasturesyieldedbetterresultsperhole
thantheevendistributionofholesupfieldinindividual
problemareasTheexplanationwasthataswaterdrained
downwardtherecedingwaterlinesintheslopingnon
ditchedfieldsleftbareaneverincreasingnumberofholes
upfieldthatcontributednothingtoongoingdrainage
whereasinditchesthatwerelaidoutontheleveleveryhole
drainedoffitsproportionateshareofwateronacontinu
ingbasis

Uptothatpointinourinvestigationswehadassociated
collectingditcheswithreturnsystemsonlybuttheresults
clearlyindicatedthatweshouldexaminefurtherthepossi
bilitiesofsubstitutingdrainageholesincollectingditches
forupfieldboringButsincewelackedditchingequipment



ofourownwewerelimitedin1974tomakingobserva
tionsononly2additionalcollectingditches

Inthefirstcollectingditchmadeforusbytheowner
webored10holesacrossthelowerendofasmallnarrow
pastureonwhichwepreviouslyhadboredaninadequate
numberofholesupfieldAtthelowerendofthisfield
waterpondedtoadepthofabout18inchesandextended
upfieldforabout75yardsInthetwowateringcyclesthat
wefollowednomosquitoesemergedduringthefirstbut
somedidduringthesecondWeestimatethatabout10ad
ditionalholeswouldgiveadequatedrainageateverywater
ing

Inthesecondcollectingditch alsomadeforusbythe
owner weboredourholesinawideratherdeepchannel
acrossthelowerendofa15acrenonsuburbanpasture
thatregularlyproducedamultitudeofmosquitoesfroma
considerableareaofpondedwaterWewerepreparedto
boreasmanyasahundredholesintheditchbutlimited
thenumberto35whenouraugerpenetratedintoadeep
verypermeablegravellystratumprobablyanoldstream
bedthatwejudgedwouldtakewateratafastrateThe35
holesdidinfactdrainoffthesurpluswaterwithinamatter
ofhoursaratethatexceededourexpectationsandeven
ourmostextravagenthopesbyseveralfoldIfverticaldrain
agewouldworkinallfieldsasinthatonetheprocessun
doubtedlywouldbeadoptedbytheownersofvirtually
everyproblemalfalfafieldandpastureinCaliforniasCen
tralValleyasacheapbuteffectivesubstituteforreturn
systems

Astotheoverallefficacyofourboringprocessbefore
theseasonwasoverweobtainedwhatweconsideredtobe
adequatedrainagein11ofthe12fieldsweboredinThe
onepastureasmentionedaboveneedsapproximately10
moreholes

Webelievethatfewerholeswouldhavegivenadequate
drainageinmostpastureswhereweboredifcollecting
ditcheshadbeenusedMoreimportantlythoughwede
clinedtoboreinmostfieldsweexaminedbecausethe
pondedsurfaceareasinvolvedextendedsofarupfieldthat
moreholeswouldhavebeenrequiredthanseemedpractic
ableWebelievethatifcollectingditchesareusedvertical
drainagewouldbeapracticaloperationinmostorallof
thosefields
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Byourstandardswehaveobtainedadequatedrainage
whenallwaterdrainsoffwithin3to4daysofthecutoff
timeButadequatedrainagebythatdefinitiondidnotal
wayspreventmosquitoproductionFortwooftheowners
onsomeoccasionsranwaterontheirfieldsforaperiodof
5fulldaysUnderthoseconditionslarge4thinstarlarvae
werepresentwhenthewaterwascutoffandsomeemerg
encedidoccureventhoughdrainagewascompletedwithin
theallottedtimespan

Astofutureresearchplansweareequippingwithappro
priateimplementsasmallfarmtypetractorwithwhichwe
canmakeourowncollectingditchesWehaveplansalso
thatwillfurtherimprovetheefficiencyofourboringrig

Astothelengthoftimeasetofdrainageholesmayre
mainfunctionalintheonlyfieldwhereourobservations
extendformorethanoneseasontheholesarestillfunc
tioningafter3fullyearsofuseIfholesinothersituations
wouldremainuncloggedforacomparablelengthoftime
ouropinionisthatverticaldrainagethroughboredholes
hasaveryworldwidepotentialformosquitocontrolsince
alargeproportionoftheAedesmosquitoesproduced
throughouttheworldbreedinperiodicallyfloodedareasin
alluvialsoilsalongriversestuarieslakesbaysseasor
oceans

ACKNOWLEDGMENTSWegratefullyacknowledgethe
helpandadvicegivenusbythefollowing DonaldA

MerrittManagerConsolidatedMADandRichardCHus
bandsBVC SWMCaliforniaStateDepartmentofPublic
HealthforPeerreviewsofthemanuscriptTCheneyof
ValleyFoundryandMachineWorksFresnoCalifornia
andGeorgeOgdenJrClovisCaliforniaforadviceand
assistanceinthedesignandconstructionofourequipment
thepersonneloftheConsolidatedandtheFresnoMADs
whoseadviceandassistancewereessentialtousandtoall
membersofourlaboratorystaff

ReferencesCited

LewisLFDMChristensonandWMRogoff1973Vertical
drainageformosquitocontrolm1972 Aprogressreport
ProcCalifMosqControlAssoc419394



THEOCCURRENCEOFANENTOMOPDXVIRUSINA

FIELDPOPULATIONOFCHIRONOMUSSP

JRHarkriderandIMHall

UniversityofCalifornia
DivisionofBiologicalControlRiversideCalifornia92502

InJanuary1974anEntomopoxviruswasdiscoveredin
acolonyofchironomidmidgesestablishedwithlarvaecol
lectedinNovember1973fromtheA3floodcontrolchan
nelinOrangeCountyCaliforniaThismidgespeciesis
abundantintheCoyoteCreekareaItisamemberofthe
Chironomusdecoruscomplexsimilartothespeciesreferred
toasChironomusspno51byBiever1965

PoxviruseswerefirstdescribedfrominsectsbyVago
1963andhavebeendescribedfromfourspeciesofmidges
twofromEuropeandtwofromtheUnitedStatesGrana
dos1973InformationontheepizootiologyofEntomo
poxvirusinnaturalpopulationsisscant

Thisreportpresentsamorphologicaldescriptionofthe
virusandageneraldescriptionofthepatternofinfection
infieldpopulationsofChironomussp

METHODSANDMATERIALSAreaofStudyExten
sivefieldsurveyswereconductedintwoOrangeCounty
floodcontrolchannelsdesignatedasA3andA1nearout
flowpointsintoCoyoteCreekTheA3channelissandy
bottomedand35to40feetwideitcontainsstandingwater
throughoutthesummerandfallthoughsummerrunoff
periodicallyproducesameasurableflowSubstratesamples
weretakenfromanareabetween1and2yardsfromthe
southbankWaterdepthinthisareavariedfrom2to6
inchesThesamplesweretakenapproximatelyaquarterof
amileabovetheoutflowintoCoyoteCreek

TheA1channelisconcretelinedapproximately12feet
widewiththebottomcoveredbyasandsubstratevarying
from2to4inchesSamplesweretakenfromtheswiftest
waterflowareaofthechannelsurfaceflowrateof58to
75feetperminuteandatawaterdepthof25to35
inchesovertheperiodsampledTheA1samplesweretaken
about50yardsabovethejunctionwithCoyoteCreek

SamplingTechniqueSampleswereobtainedusingsmall
coringdevicesmadefromcylindrical40dramplasticvials
Eachdevicecovered275squareinchesofthesubstrateand
samplesweretakentoadepthof2inchesEachsamplewas
returnedintototothelaboratorythuspreventingtheloss
ofsubstantialnumbersofsecondandthirdinstarlarvae

occurringwhensamplesaresievedorotherwisevolumetri
callyreducedinthefieldLarvaewereremovedbyfloata
tionwithconcentratedmagnesiumsulfateEightreplicate
coresampleswereroutinelytakenpersitewhenpopula
tionswerelowsampleswerepooledandupto40core
samplestakenpersite

ElectronMicroscopyDiseasedfourthinstarChironomus
spwerefixedbyimmersionforonehourincold5C
25glutaraldehydebufferedwith01MKPO4Larvae
werepostfixedforanhourin10s04dehydratedinace

1ThisstudywaspartiallysupportedbytheOrangeCountyMos
quitoAbatementDistrict
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toneseriesandembeddedinSpurrsresinorEpon812
Thinsectionswerestainedwithuranylacetateandlead
citrateandexaminedwithaHitachiHU11electronmic
croscope

RESULTSANDDISCUSSIONCytologicalexamination
ofinfectedlarvalcellsrevealsvirionssimilartothoseprevi
ouslydescribedfromchironomidsasreviewedbyGradados
1973Eachvirusparticleappearstobecomposedofthree
distinctpartsThecoreconsistsofalightstainingshell35
nmto40nmthicksurroundingadarkstaininginternal
spaceCuboidalwhencutinoneplanethecoreisbicon
cavebarbellshapedwhencutinanotherplaneItissur
roundedbyadarkstainingenvelopemeasuring25nmin
thicknessLateralbodiesaresandwichedbetweentheen

velopeandcoreinthebiconcaveregionofthecoreThe
overalldimensionsofthevirionsareapproximately300nm
by260nmby160nm

Thematurevirionsareoccludedwithinproteinaceousin
clusionbodiesIBthatarevariableinsizeSmearsofin
fectedlarvaerevealellipsoidalshapedbodiesupto8umin
lengthand5uminwidthExaminationwithphasemicro
scopyshowsthatavariablenumberofinclusionbodiesmay
developpercellyetasmanyas10developingIBhavebeen
observedinasinglecell

Inaccordancewithotherdescriptionsofchironomid
poxvirusesfromtheUnitedStatesinclusionbodydevelop
mentappearstobelimitedtocellscytologicallysimilarto
hemocytesAccumulationsofinfectedhemocytesappearas
whitespotsscatteredirregularlythroughoutthebodyof
thediseasedlarvaAstheinfectionprogressesthenormally
deepredcolorofthelarvagraduallypalestoawhitishhue
Recognitionofinfectedlarvaeinearlystagesofdiseaseis
aidedbythetendencyofinfectedhemocytestocollectin
thedorsalregionofthe9thabdominalsegmentjustposter
iortotheheart

DuringAugust1974anincreaseinthelarvalChirono
mussppopulationinA3wasfollowedbyarapidrisein
theincidenceofEntomopoxvirusinfectionFigure2
Diseaseincidenceatthepeakoftheepizooticwas974of
thetotallarvalpopulationThedevastatingeffectofthe
epizooticwasevidencedbyanaccumulationofthousands
ofextendedfranklyinfectedfourthinstarlarvaeonthe
substratesurfacethroughoutA3Arapidcollapseof
thelarvalChironomussppopulationtoalowleveloccurred
andpersistedfortwoweeksIncreasesinthelarvalpopula
tioninlateSeptemberoccurredduringaperiodofmeasure
ablewaterflowinthechannel22feetperminuteon23
SeptemberTheincidenceofvirusinfectionrosesharply
andlarvaldensitywassubsequentlydepressed

TheincidenceofEntomopoxvirusinfectionintheflow
ingA1channelwasatalowerlevelthanseeninA3
Figure3ThelarvalChironomussppopulationsagain
fluctuatedbutarapidincreaseintheincidenceofdisease
wasnotassociatedwithincreasesinthehostpopulation



densityPeakincidenceofdiseaseduringSeptemberand
Octoberoccurredduringperiodsofrelativelylowhost
density

Thevirusinfectionrateinsubstratesamplesfroma
CoyoteCreeksitebelowtheA1andA3outflowsfluctu
atedbetween0and10duringAugustandSeptemberA
differentsiteabovetheA1andA3outflowsproducedno
infectedlarvaeduringthisperiodInmidOctoberthein
fectionratesatbothCoyoteCreeksitesroserapidlytopeak
at361and367aboveandbelowrespectivelyon21
OctoberAlsoinOctobersubstratesamplestakenfrom
areasofA1protectedfromthemainchannelwaterflowby
sandbarsyieldedinfectionratesashighas52 Runoff

fromheavyrainsduringthelastweekofOctobereliminated
Chironomussppopulationsfromallthestudyareas

SurveystakeninotherfloodcontrolchannelsinOrange
CountyindicatethatEntomopoxvirusisnotlimitedtothe
CoyoteCreekareaCollectionsfromtheC2channel
paralleltotheeastfenceoftheUSNavalWeaponsSta
tioninSealBeachrevealedinfectionratesof6from
samplesaveraging30larvaepercoresampleon23Septem
berand24fromsamplesaveraging43larvaeon14Octo
berThismidgepopulationwasisolatedtoasmallareaof
thickblackmudbelowastormdrainoutletTheremainder

ofthechannelsubstratewasafinegrayclaydevoidofa
substantialChironomussppopulationAsiteintheD3
floodcontrolchanneladjacenttotheSantaAnaRivernear
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Figure1VirusinfectedhemocytesfromafourthinstarChironomusspno51nnucleusibinclusionbodyvvirion
X28500

GarfieldAvenueproducedaninfectionrateof70from
samplesaveraging67larvaepercoreon14OctoberBoth
channelscontainedwaterwithoutameasurablesurfacecur
rentatthetimeofcollection

Severalfactorsapparentlyareinvolvedindescribingthe
dynamicsofEntomopoxvirusinfectionsinalarvalChirono
mussppopulationAmongthemoreimportantparameters
aretherateofwaterflowhostdensityhostagestructure
waterchemistryandthenatureofvirusexposureAnanal
ysisoftherolethesefactorsplayintheepizootiologyofthe
chironomidEntomopoxvirusinfectioniscurrentlyunder
investigation

Ageneralunderstandingoftheepizootiologyofthis
virusdiseaseisrequiredbeforeitspotentialasabiological
controlagentcanbeassessedNeverthelessitisevident
fromthesepreliminarydatathatundercertainecological
conditionstheEntomopoxvirusdoesexhibitsubstantial
naturalcontrolofChironomussppopulations

BieverKD1965Arearingtechniqueforthecolonizationofchi
ronomidmidgesAnnEntomolSocAmer58213536

GranadosRR1973InsectpoxvirusesPathologymorphology
anddevelopmentMiscPublEntomolSocAmer97394

VagoC1963AnewtypeofinsectvirusJInsectPathol5275
276
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POPULATIONDENSITYOFCHIRONOMIDMIDGELARVAEINRELATION

TOPOSITIONDOWNSTREAMINPAVEDCHANNELS

EFLegner RAMedvedandGCMcFarland

DensityofChironomussppandcombinedTanytarsusand
CricotopusspplarvaewasmonitoredmonthlyintheCoyoteCreek
LosAngelesareafora4yearperiodRegressionanalysestodeter
minetheeffectsofpositioninthedrainagesystemonchironomid
densityshowedageneralsignificanttrendforgreaterabundance
upstreamalthoughafewusuallynonsignificantreversalswere
detectedThiseffectwasespeciallypronouncedduringthesum
mermonthswhenmidgedensitiesaregreatestCausesforthe

Theproximityofurbandevelopmenttopavedriver
channelsintheLosAngelesbasinhasfocusedincreased
attentiononchironomidmidgeproductioninsuchhabitats
OnechannelCoyoteCreekisuniqueinthatitcontainsa
shallowconstantlyflowingstreamofhighlyeutrophied
waterChemicalcontrolwithknownmaterialsandformula
tionsisdifficultbecauseofthedilutionfactorandtheneu

tralizingeffectthatwatersofhighorganiccontenthave
uponmanyinsecticidesAlsothereisthedangerofwildlife
principallybirdsandtheseacoastfaunathatisposedby
concentrationsofinsecticidessufficienttoovercomedilu

tionandorganicdeactivationBiologicalcontrolusingfish
Bay Anderson1965Legner Medved1973isdifficult
becausewaterisnotconsistentlydeepenoughtosustain
effectivespeciessuchasCuprinuscarpioLandTilapiaspp
attherequireddensitiesFinallywhereaschironomidsin
stablehabitatscharacteristicallylimittheirproduction
throughpollutionandfooddestructionthoseinCoyote
Creekinhabitasubstratethatisconstantlycleansedand
resuppliedwithnewfoodThepotentialforprolongednui
sancefromsitessuchasCoyoteCreekisthussubstantially
greaterthanfromothersourcesandthecontrolmorediffi
cult

MATERIALSANDMETHODSThedensitiesofChiro

nomussppandTanytarsusandCricotopusspplarvae
combinedweremonitoredmonthlyfromOctober1970
through1974Originallysamplesweretakenfrommid
streamandnearbothbanksat12differentcomparablesites
beginning1Kmbelowthebeginningofthepavedportion
ofthechannelandextending18KmdownstreamAnalyses
showedmidstreamdensitiesalthoughlowertobepositive
lycorrelatedwiththenearbankdensitiessothatonlythe
latterwerefiliallysampledSamplesiteswerecomparable
withoneanotherastowaterdepthandcurrentvelocity
TheSoutheastandOrangeCountyMosquitoAbatement
DistrictstreatedCoyoteCreekatirregularintervalswith

1Researchpartiallysupportedbygrantsandassistancefromthe
SoutheastandOrangeCountyMosquitoAbatementDistricts

2DivisionofBiologicalControlUniversityofCaliforniaRiver
sideCalifornia92502

3SoutheastMosquitoAbatementDistrict9510SouthGarfield
AvenueSouthGateCalifornia90280Deceased January12

1975

ABSTRACT

107

effectwerenotcorrelatedwithwaterqualityanalysesbut
mayinvolvegreaternutrientavailabilityandlessstreetpollution
upstreamthatcombinedmayfavoradultovipositionandlarval
developmentOtherfactorssuchasdiseasesinvertebratepreda
torsegplanariapreferredovipositionsitesetcareunder
investigationReducingthiseffectieproducingadownstream
conditionupstreammightbesignificanttomidgecontrolinthe
system

Dursbanandmalathioninextremelylowconcentrations
thatdidnotfavorahigherapplicationrateeitherupstream
ordownstream

AmodifiedSurbersamplerwasusedtocollectchiro
nomidlarvaeFigure1Thecircularsamplerwas152cm
diamand203cmhighwitha05mmmeshSaranscreen
extendingto711cmfromoneendtoascreened150cc
plasticcollectionvialFigure1Thesamplerwasplaced
verticallyonthesubstrateheldinplaceandametalscraper
usedtostirthebottomareacleanofsandanddebrisdown

totheconcretebaseMidgesandlargerdebriswerecollected
inthe150ccvialTwosamplesweretakenatrandomper
eachsamplesiteandchironomidlarvae5mmandgreater
inlengthwerecountedinthelaboratorywitha6Xmagni
fierAneffortwasmadetosamplesubstratesofuniform
thicknessatallsamplesitesonanygivendate

Datawereexaminedwithregressionanalysesafterbeing
visuallyscannedongraphpapertodeterminetheeffectsof
positioninthedrainagesystemonchironomiddensity

RESULTSANDDISCUSSIONPlotteddataforthere

lationshipbetweenchironomiddensityandthedistance
downstreamshowedalineartrendFigures24showthisre
lationshipbetweenchironomiddensityandthedistance
downstreamafteranalysisstarting1Kmbelowthebegin
ningofthepavedportionofthechannelandextendingto
18Km

Figure1ModifiedSurbersamplerusedtocollectchiro
midmidgelarvaefromshallowflowingchannels
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KILOMETERS DOWNSTREAM

Thegeneralsignificanttrendwasforagreaterabundance
ofchironomidlarvaeupstreamalthoughafewusuallynon
significantreversalsweredetectedFigures24Thiseffect
ofpositioninthecreekwasespeciallypronouncedduring
thesummermonthswhenmidgedensitiesweregreatest

ChironomussppinOctoberandNovember1970when
weeklysamplesweremadeFigure2showareversalofthe
trendwhichwasnotrepeatedinsubsequentyearswhen
populationdensitieswerecomparativelylowerFigures3
4Similartrendswereshownin1974samplesdatanot
graphed

Causesforthetrendofgreatermidgedensitiesupstream
mayinvolvegreaternutrientavailabilityandlessstreet
pollutionupstreamHoweveranalysesofwaterqualityat
4sitesalongtheextentofthe18KmsampleareainMarch
1971Table1didnotshowanyreliabledifferencesthat
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Figure3RelationshipbetweenchironomiddensityanddistancedownstreamintheCoyoteCreekMarchDecember1972

mightaccountformidgedensitydifferencesConcentrations
ofCO2HAcalkalinityandhardnessandthepHwerenot
significantlydifferentupstreamfromthosedownstreamal
thoughthereappearedtobesomedifferencesinintermedi
atesampleareasTable1Althoughadditionalwaterquali
tytestsatdifferentseasonsthrough1973alsofailedto
establishasignificantcorrelationbetweenanywaterquality
measurementandmidgedensitymoredetailedmeasure
mentsmayestablisharelationship

Otherfactorssuchasflightpatternsofadultchironom
idstheeffectsofdiseasesandinvertebratepredatorseg
planariahydraprotozoansandtherelativeabundanceof
filamentousalgaeaschironomidovipositionstimuliarecur
rentlyunderinvestigationThedeterminationofwhichfac
torsarecapableofproducingadownstreamconditionup
streammightgiveasignificantcluetomidgecontrolinthe
drainagesystem
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Table1AnalysisofwaterqualityintheCoyoteCreek
LosAngelesbasinat4positionsdownstreamduringMarch
1971

Position
Down

PPM
stream

Km CO2 HAc alkalinity hardness pH

1 183 171 2970 5097 86

4 0 0 1190 7660 93

7 100 86 1370 5215 87

18 200 190 2847 5587 89

13Sampleintervalsreplicatesperintervalsamplesmadebetween
hrof11001400
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QUANTITATIVEWATERCOLUMNSAMPLERFORINSECTSIN

SHALLOWAQUATICHABITATS

EFLegnerRAMedvedandRDSjogren

Awatercolumnsamplerwasdevelopedtoquantitativelysample
insectpredatorsinshallowaquatichabitatsThesamplereliminates
orgreatlyreducesproblemsoflocationandscatteringofspecimens
inthewatersamplingtimeescapeflightofadultspecimensdiffer

Increasedattentiontothevalueofinsectpredatorsof
mosquitocontrolinaquatichabitatFLegneretal1974
madethedevelopmentofanaccuratesamplerimperativefor
quantitativestudiesProblemsoflocationandscatteringof
specimensinthewatersamplingtimeescapeflightofadult
specimensdifferentialphototaxesandexcessiveweightof
equipmentandsampleshavebeenheretoforeunresolved
Trialswithnumerousdeviceseventuallyproducedanaccur
atequantitativewatercolumnsamplerdescribedherein

METHODSANDMATERIALS

DescriptionandOperationofSamplerAgraduated
hollowplexiglascylinder953cmdiamand50cmlong
withaca2maluminumhandlewasconstructedFigure
2toisolateacolumnofwaterwithinThesamplerisoper
atedbyplungingthecylinderfromamaximumdistance
of2mintothewaterfixingitsbaseslightlyinthebenthic
mudThisdistancecausesminimaldisturbanceofinsectsat

thesamplesiteFollowingfixationtheinsectfaunacon
tainedwithinthecylinderincludingbenthosinhabitants
areremovedbysuctionintoaperforatedpolyethelenewash
bottleattachedtoagreaseostractorsyringewhichismanu
allyoperatedFigure1Thewashbottleisremovedfrom
theplexiglascylinderandbackflushedontoasuitableny
lonscreenwhichremovesthewaterandretainstheinsects
sampledThreetofiveextractionsdependingonwater
depthremoveallthewaterandcontainedlarvalandadult
insectsinthecylinderthewholeprocessrequiringamaxi
mumof2minutesPhotographsoftheentiresamplingpro
cedureareshowninFigure1Aprototypeofthissampler
developedbyTYamaguchiisshownonpage26ofUsinger
1971

Thenylonscreencontaininglivingwetarthropodsis
thenplacedintoapolyethelenebagandeitherstoredliving
inanicechestorkilledwiththeadditionofapieceof
ethanolsoakedcellucotton

Theweightsofequipmenandsamplesarelightenough
thatanoperatormayeasilycarry50samplesatonetime

Anapertureof2cmcutfromtheperimeterofthewash
bottlebaseissufficientformostlargeinsectsandsmall
enoughtominimizewaterlossduringthetransferfrom
cylindertonylonscreenTheaperturebeingpositionedoff

Researchperformedwiththeassistanceofpersonnelinthe
KernMosquitoAbatementDistrictPostOfficeBox9428Bakers
fieldCalifornia93309

2DivisionofBiologicalControlUniversityofCaliforniaRiver
sideCalifornia92502

3MetropolitanMosquitoControlDistrict797RaymondAvenue
StPaulMinnesota55114
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entialphototaxisamongorganismsandexcessiveweightofequip
mentandsamplesComparisonsaremadewithemersedlighttraps
and400mldippersamplesTimeofdayactivitydifferencesof
speciesgroupsarerecorded

centerasshowninFigure1producesaswirlingmotionthat
aidsinflushinginsectsfromvegetationthatmaybelocated
withinthecylinderatthetimeofsamplingOnebackflush
withinthecylinderwilldislodgechironomidsfromtheben
thicmud

Thedepthofthecolumnofwaterbeingsampledmay
alsobemeasuredbyreadingoffthegraduatedplexiglas
cylinderwithasuitableadjustmentmadeforbenthicpene
tration

SamplingAccuracySeparatewatercolumnsamples
weretakeninsquareshallow4acreduckclubponds10
20cmdepthnearWascoCaliforniaon19September9
and16Octoberand12November1973Therewasatotal
of16adjacentpondsintheareatotaling64acresofwater
surfaceThenumberofinsectspeciestheirdensityand
samplevariabilitywascomparedinweedylargelyemergent
grassesversusopenwaterhabitatsinthesamepondsand
atdifferenttimesofthedayComparisonswerealsomade
withthestandard400m1mosquitodipperandaseriesof
emersedsidedarkenedlighttrapssimilartothoseusedby
Washino1969

1953cm1
WATERCOLUMN

SAMPLER

GreasExtractor

Syringe

Divof

BiologicalControl

UCRiverside

Figure1Watercolumnsamplerusedforinsectsin
shallowaquatichabitats



Table1Arthropodssampledfrom1020cmdeepduck
clubhabitatsnearWascoCaliforniaduringtheperiod19
Sept 12Nov1973

Order

and

Family

Coleoptera
Dryopidae

Dytiscidae

Speciesl

HelichusproductusLeConte

AgabuslutosusLeConte
AgabusregularisLeConte
AgabuswalshinghamiCrotch
CopelatuschevrolatirenovatusGuignot
EretesstrictictusL

Hydroponissp
HygrotuslutescensLeConte
LaccophilusmaculosusdecipiensLeConte
LaccophilusmexicanusmexicanusAube
RhantusgutticolliSay
RhantushoppingiWallis
ThermonectusbasillarisHarris

DytiscinaeGenussp

Haliplidae PeltodytessimplexLeConte

HydrophilidaeAnacaenasignaticollisFall
BerosusinfuscatusLeConte
BerosuspunctatissimosLeConte
BerosusstyliferousHorn
CymbiodytaimbellisLeConte
HydrophilustriangularisSay
Helophorussp
TropisternusellipticusLeConte
TropisternuslateralishumeralisMots

Noteridae Genussp

Diptera
Culicidae AedesmelanimonDyar

AedesnigromaculisLudlow
Anophelessp
CulexerythrothoraxDyar
CulextarsalisCoquillett
CulisetaincidensThomson
CulisetainornataWilliston

Tabanidae ChrysopsvittatusWiedemann

Ephemeroptera
Baetidae Genussp

Hemiptera
Belostomatidae

AbedusindentatusHald
BelostomabakeriMont

BelostomaflumineumSay

Corixidae Sigarasp
Gerridae Gerrissp

NotonectidaeBuenoascimitraBare

NotonectaunifasciataGuerin
Odonata

AnisopteraLibellulidae
Aeshnidaesp
Libellulasp

ZygopteraCoenagrionidae
Enallagmasp

1Speciesencounteredduringsurveyinterval
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Thebulkofcollectedspecimenswereidentifiedtothe
nearestaccuratetaxonandsamplespecimensweremounted
andsenttospecialistsintheSystematicEntomologyLabor
atoryoftheUSDepartmentofAgricultureforspecies
identification

RESULTSANDDISCUSSION

InsectspeciesidentifiedfromtheduckclubnearWasco
arelistedinTable1Furtherdiscussionofthesespecieswill
beingroupsthatcouldbepracticallydiscernedduringthe
datacountingprocess

Table2showstheaveragedensityatdifferenttimesof
dayandsamplevariabilityofinsectssecuredinone4acre
pondonSeptember19Comparisonsareshownwith
emersedlighttrapsoperatedduringthetwohoursbefore
midnightItisimmediatelyapparentthatthecolumnsamp
lersecuredmorespeciesatallsampledintervalsoftheday
thanthelighttrapsdidafterdarkTable2Howeverthe
lighttrapsattractedtwogroupsofHemipteraingreater
numbersthanthecolumnsamplertheCorixidaeandNoto
nectidaeThisprobablywasduetoattractionofthesespec
iesfromvariabledistancesandthusagreatersamplearea
Thesamplevariabilityasmeasuredbythecoefficientof
variabilityindicatesthatuseofthecolumnsampleroften
reducedvariabilityandinanycaseestimatedmostaccurate
lythetruepopulationdistributionpervolumeofwater
DirectobservationofhighdensitiesofNotonectidaeduring
daylighthoursshowedthattheplacementofthetranspar
entplexiglascylinderdidnotscatterspecimenswhich
seemedlargelyunawareofthecylinderbeingplacedaround
them

Acomparisonofthewatercolumnsamplerwiththe
standard400m1mosquitodipperin44acrepondson
October9isshowninTable3Althoughdipsampleswere
takenrapidlytherewerenopredatorscollectedwiththis
methodHowevermosquitolarvaewereadequatelysam
pledMosquitopupaeappearedtobemostaccuratelysam
pledwiththecolumnsamplerTable3

Thecolumnsamplerwasfurthertestedintwopondson
October16todeterminedifferencesbetweenrapidandslow
placementofthecylinderbothinopenwaterandgrass
coveredhabitatTable4Theresultsshowthatquick
placementwasmoreefficientthanslowintrappingspeci
mensinbothopenandgrasscoveredhabitatsAlsothe
grasscoveredhabitatcontainedthegreatestinsectbiomass
Itisinterestingtonotethatvariabilitywasrelativelycon
stant regardlessofhabitatorrapidityofinsertionCo
effientofVariability ca200 Table4

Finalcomparisonsbetweenthecolumnsampler400m1
dipperandemersedlighttrapsweremadeintwopondson
October16Table5Resultsweresimilartothosesecured
previouslyTables2and3eventhoughtheaveragedensity
ofinsectsshowedaseasonaldeclineTable5

Thelastgeneralsampleintheareawasmadein4ponds
25samplesperpondonNovember121973Mostspecies
showedafurtherseasonaldeclineTable6whichmayhave
involvedbothalackofmosquitopreyandalowerwater
temperature



Table2Insectscollectedwithwatercolumnsamplerat
differenttimesofthedaycomparedtoa2hremersedlight
trap222400hrscollectioninaduckclubpondnear
WascoCaliforniaon19Sept1973

Order

and

Family

Coleoptera
Dytiscidae

Collection AvgNocylinderorlighttrap

StageTimehr

larva1400

1820

2400

0700

lighttrap 0

052

020

040

034

Haliplidae larva1400 008

1820 028

2400 012

0700 023

lighttrap 0

Hydrophilidaeadult1400 0

1820 0

2400 004

0700 0

lighttrap 011

MiscColeoptera
larva1400 004

1820 008

2400 0

0700 0

lighttrap 0

Diptera
Culexspp

larva1400

1820

2400

0700

lighttrap

larva1400 005

1820 0

2400 004

0700 0

lighttrap 0

pupa1400 005

1820 0

2400 004

0700 0

lighttrap 0

Ephemeroptera
Baetidae nymph

1400

1820

2400

0700

lighttrap 0

016

016

036

023

078

044

144

064

100

x cv

14812

28865

16135

17747

34600

24221

27633

22974

50000

30300

23381

29531

15794

18648

21044

50000

34600

44720

50000

44720

50000

19768

10994

9964

11126
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Table2continued

Order
and

Family StageTimehr X

Hemiptera
Corixidae adult1400

1820

2400

0700

lighttrap

Cerridae adult1400

1820

2400 0

0700

lighttrap

Notonectidaeadult1400

1820

2400

0700

lighttrap

nymph
1400

1820

2400

0700

lighttrap

Odonata

Anisoptera nymph
1400

1820

2400

0700

lighttrap

Zygoptera nymph
1400

1820

2400

0700

lighttrap

1Samplerplacedrapidly
225watercolumnsamples
39lighttrapsamples

Collection AvgNocylinderorlighttrap

CV

0

0

0

005 42640

167 21590

0

005 44720

005 42640

0

008 34600

008 34600

012 36633

004 50000

233 25391

060 16667

100 11180

068 13899

095 7602

1433 22265

140 14580

072 14742

032 19597

018 21928

022 20041

196 7287

168 12711

244 6805

245 10816

100 15811



Table3Insectscollectedwithwatercolumnsampler Table3continued

comparedtostandard400mldipperin4separateduck
clubpondsnearWascoCaliforniaon9October1973 Order Collection NoPer

and StagePond Cylinder 400m1dip

Order Collection NoPer2 Family x CV x CV

and
StagePond Cylinder 400mldip

Family
x CV x CV Ephemeroptera

Baetidae larvaeA 236 5025 0
B 160 7654 0
C 420 4454 0
D 07611570 0

Coleoptera
Dytiscidae adultA 0 0

B 00450000 0
C 00450000 0
D 00450000 0

larvaA 01623381 0
B 00834600 0

C 04017678 0
D 0 0

Haliplidae adultA 0 0
B 0 0

C 0 0

D 01236633 0

larvaA 00834600 0

B 02028865 0
C 04020410 0
D 01623381 0

A 0

HydrophiliadultA 01623381 0

dae B 0 0

C 00450000 0
D 00450000 0

larvaA 01623381 0

B 02028865 0

C 05211267 0
D 00834600 0

Diptera
Culicidae

AnopheleslarvaA 02032270 02418158
B 0 02025000
C 02025000 01623381
D 0 02821918

pupaA 03617714 0

B 0 00450000
C 01227633 0
D 01227633 0

Culex larvaA 01227633 01227633
B 0 0

C 02025000 0

D 0 00834600

pupaA 02424883 0
B 01236633 0
C 00850000 00834600
D 0 0

Tabanidae larvaeA 02421783 0

B 02819343 0
C 02028865 0
D 00834600 0
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Hemiptera
Belastomatidae

nymphA 00450000 0
B 0 0
C 0 0
D 0 0

Corixidae adultA 00450000 0
B 0 0
C 00850935 0

D 0 0

nymphA 0 0
B 0 0

C 00450000 0
D 0 0

Gerridae adultA 00450000 0
B 0 0

C 0 0
D 0 0

nymphA 00834600 0
B 00450000 0
C 0 0
D 0 0

Notonecti adultA 0 0

dae B 0 0
C 03214875 0
D 0 0

nymphA 06012728 0
B 02421783 0
C 06414877 0

D 03229534 0

Odonata

AnisopteranymphA 264 6550 0
B 12010486 0

C 108 7982 0
D 11212177 0

ZygopteranymphA 748 4584 0

B 388 9272 0
C 428 5976 0
D 648 5530 0

1Samplerplacedrapidly
225watercolumnor400m1dipsamples



Table4Comparisonsoffaunacollectedwithslowand
rapidplacementofwatercolumnsamplerinweedyvsopen
waterareasintwoduckclubpondsnearWascoCalifornia
on16October1973

Habitat RateofSam of23
Character pierPlacementPond sppl CV

openwater

openwater

weedcover

weedcover

openwater
weedcover

Significantlygreaterthanpreviousfigureat95level
112watercolumnsamples
225watercolumnsamples

OrderandFamily

slow

rapid

Coleoptera
Dytiscidae adult

larva

larva

adult

Haliplidae

Hydrophilidae

Diptera
Culicidae

Anopheles

Culex

Tabanidae

Ephemeroptera
Baetidae

Hemiptera
Corixidae adult

nymph
Gerridae adult

Notonectidae adult

nymph
Odonata

Anisoptera

Zygoptera

slow A 027 18857
B 031 24064

avg 029 21461

rapid A 031 18821
13 045 20933
avg 038 19877

slow A 036 22592
B 039 19586
avg 037 21089

rapid A 043 24857
B 044 15025
avg 044 19941

Summary
033
040

033

041

20669
20515

21275
19909

Table5Insectscollectedwithwatercolumnsamplercomparedtostandard400m1dipperand2hremersedlighttrap
222400hrsintwoduckclubpondsnearWascoCaliforniaon16October1973

StageCollectedCylinder CV

larva

pupa

larva

pupa

larva

nymph

nymph

nymph

0
008

012

0

0
0

004

002
033

39100

27917

006 43610
002 69375

002 72240
0

002 69375

154 9383

49900

69375
21076

Samplerplacedinwaterrapidly
2Cylinder50replicatesdipper100replicateslighttrap9replicates
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400mldip CV LightTrap CV

0
0

0

0

011

003

007
002

0

0
0

0

0
0

AvgNoPert

42373
57333

056 13077
0

0

022 19842

0

0

41871 0
69314 0

0 0

044 22811

222

067

0

167
867

21904
16772

15001
14821

202 9327 0 033 21215
355 7357 0 022 19842



Table6Insectscollectedwithwatercolumnsampleron
November121973in4duckclubpondsnearWascoCali
fornial

Collection AvgNoCylinder
OrderandFamily Stage x CV

Coleoptera
Dytiscidae adult 006

larva 001

Hydrophilidaeadult 002
larva 011

Diptera
Culicidae

Anopheles pupa 001
Culex pupa 001

Tabanidae larva 004

Ephemeroptera
Baetidae nymph 187

Hemiptera
Corixidae nymph 001
Gerridae adult 002

Notonectidae adult 001

nymph 010

Odonata

Anisoptera nymph 188

Zygoptera nymph 550

1Samplerplacedrapidly
24ponds25replicatespond

115

Figure2UseofwatercolumnsamplerABplacementofplexiglascylinderintosamplesiteCextrationofinsect
faunawithsuctionDbackflushingsamplethroughnylonscreentoremovewater
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CHIRONOMIDMIDGEPROBLEMINWATERSPREADINGBASINSAND

FLOODCONTROLCHANNELINTHESANTAANARIVER

ORANGECOUNTYCALIFORNIA

ArshadAliandMirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92502

TheintermittentimpoundmentofSantaAnaRiverwater
inspreadingbasinsandafloodcontrolchannelinOrange
CountyCaliforniaforthereplenishmentofunderground
watersuppliesprovidesnearly500700acresofbreeding
groundsforthenonbitingaquaticchironomidmidgesSince
theseaquatichabitatsaresituatedamidstresidentialin
dustrialandrecreationalestablishmentssevereoutbreaks
ofadultmidgesareasourceofnuisanceanddiscomfortfor
nearbyinhabitantsFigure1Thenuisanceandeconomic
aspectsofchironomidsinurbanandrecreationalsituations
inCaliforniahavebeenreportedbyseveralworkersAnder
sonetal1965Grant1960Grodhaus1963Mullaetal
1971Mulla1974

Tounderstandthiscomplexproblemstudiesonthenui
sanceaquaticmidgesintheSantaAnaRiverspreadingba
sinsandfloodcontrolchanneloftheOrangeCountyWater
DistrictwereinitiatedinJune1974andarebeingcontin
uedTheobjectivesofthesestudiesaretoelucidatethenui
sancemidgefaunatheirseasonalvariationssuccessionand
abundanceintheDistrictswatermanagementsystemand
toestablishpossiblecorrelationsbetweencertainenviron
mentalfactorsandtheobservedchangesinchironomidpop
ulationsSuchbasicunderstandingoftheproblemisessen
tialtothedevelopmentofmanagementstrategiesandprac
ticalproceduresforcontrolofnuisanceaquaticmidges

Intermittentdryingandfloodingofthebasinsandthe
floodcontrolchannelprovidedanopportunitytostudythe
effectsofsuchrapidlychangingphysicalconditionsonthe
productionofmidgefauna

Thereare20basinsinthesystemlyinginaseriesThey
arearrangedin4setseachcontainingaminimumof3ba
sinsBasinsineachsetcanbedriedandfloodedindepend
entlyoftheothersetsWatercanbedrawneitherfromthe
basinlyingimmediatelyupstreamorfromthefloodcon
trolchannelrunningparalleltothebasinsDepthinthe
middleportionofmostbasinsaveragesbetween35ftand
eachbasincoversapproximately10acresoflandFigure
2Thefloodcontrolchannelisabout360ftwideand23
ftdeepovermostofitscourseseeFigure1

Routinequalitativeandquantitativebenthicsamples
weretakenfrom7basinsat4locationsinthefloodcontrol
channelandatthesidesofthemainriverat1siteusinga
standard6x6inscoopsamplerDriftsamplesfrom3sites
inthefloodcontrolchannelandat1upstreamsiteinthe
mainriverweretakenwitha10indiameterdriftnetof

250pporesizeBenthicsamplesfromthemiddleportion
ofthemainriverat1sitewerecollectedwithaSubersam

plerof12x12inframeand500pporenetAdultemer
gencein5basinsandat1locationinthefloodcontrol

1ResearchsupportedbytheOrangeCountyWaterandMosquito
AbatementDistricts

116

channelweretakenusingemergencetrapseachtrapsam
ples315ftbenthicareaLighttrapsnearthebasinswere
setpermanentlytostudyprevalenceofadultmidgesaround
thestudyarea

MidgelarvaebelongingtothegeneraProcladiusspp
PentaneuraspTanypusspPsectrotanypusspTanytarsus
sppChironomussppDicrotendipesspPolypedilumsp
ParalauterborniellaspTribelosspandCricotopusspp
weretakenintheareabetweenJuneDecember1974

Thequalitativeandquantitativecompositionofmidge
faunaindifferentsetsofbasinsdifferedspatiallyaswellas
temporallyInadditiontotheseasonalchangesspatial
changesinmidgefaunalcompositionindifferentbasinsets
probablyoccurredduetothevariedcyclesanddurationof
waterimpoundmentsinthesebasinsThisalteredmidge
habitatsbygraduallychangingthechemicalandphysical
natureofsubstratesandthechemicalcompositionofthe
impoundedwaterPreliminarystudiesonthisaspectshowed
thatestablishedbasinscontainedahigherpercentageof
claysiltandnitratesandtotalorganicmatterinthesoil
butalowerpercentageofsandthanthenewlydredgedand
floodedbasinsChemicalcompositionofwaterintheestab
lishednewlydredgedandimpoundedbasinsalsodiffered
slightly

Changesinmidgepopulationsbetweenthevariousbasins
ofanestablishedsetfloodedinMarch4monthsbefore
thesestudiesbeganwereessentiallythesamefromJune
SeptemberHereProcladiussppweremostabundantofall
chironomidsTanytarsussppChironomussppCrypto
chironomusspDicrotendipesspPsectrotanypusspPoly
pedilumspTribelosspandPentaneuraspweretakenin
smallnumbersonlyAdistinctincreaseinChironomusspp
populationswasnoticedwhilebasinsinthissetwerebeing
driedfordredginginSeptemberUndernewlydredgedcon
ditionsiechangedsubstrateandwaterqualityinthe
samebasinsduringOctoberDecemberTanytarsusspp
appearedasthepredominantgroupoutnumberingProclad
isusppAsharpincreaseinTanytarsusspppopulationswas
noticed23weeksafterfloodingProcladiussppgradually
declinedanddisappearedChironomusattenuatuswastaken
inconsiderablenumbers

Inanothersetofbasinsnewlydredgedandflooded
inJuneTanytarsusspppopulationswasobserved4weeks
afterthesebasinswerefloodedProcladiussppweretaken
infairnumbersduringthistimeChironomussppCrypto
chironomusspDicrotendipesspPolypedilumspPen
taneuraspandCricotopussppwerealsopresent

ChironomissppwerepredominantduringJuneJulyina
basincontainingasmallquantityofturbidseepagewater
ProcladiussppwerepresentinfairnumbersandTanytar
sussppweretakeninsmallnumbersMidgefaunalcompo
sitioninthesamebasinchangedmarkedlyafterthisbasin
wasdredgedandfloodedinAugustUnderthesechanged



Figure1FloodcontrolchanneloftheSantaAnaRiver
inOrangeCountypassingthroughresidentialindustrial
establishments

environmentalconditionsTanytarsussppandDicroten
dipesspappearedBothgroupsgraduallyincreasedand
constitutedabout42eachofthetotalchironomidstaken

duringAugustDecemberCricotopussppwhichwereab
sentduringthestagnatingperiodinJuneJulyalsoappeared
infairnumbersinlatermonthsChironomussppandCryp
tochironomusspwerepresentinsmallnumbersProcladius
sppwererareorabsent

Midgedensityatvarioussitesinthefloodcontrolchan
nelshowedproductiontobeashighasinadjacentbasins
Howeverfaunalcompositionandspatialandtemporalpop
ulationchangesinvariousmidgegroupsinthefloodcontrol
channelweredifferentfromthoseobservedinthebasins

At2sitesinthechannelProcladiussppwerepredominant
duringJuneSeptemberwhileattheother2locations
Tanytarsussppweremostabundantduringthesame
periodOverallintheentirechannelTanytarsusspp
seemedmostnumerousChironomussppCryptochirono
musspandDicrotendipesspweretakenconsistentlyin
fairnumbersCricotopussppTanypusspPentaneurasp
andParalauterborniellaspoccurredoccasionallyTribelos
spwererare

Benthicsamplestakenfromsidesofthemainriver
showedthatingeneralsandyareassupportedmoremidges
thanmuddyorgravellysubstratesMorelarvaewerepresent
atthesidesthanintherivermiddleTanytarsussppwere
associatedwithsandandChironomussppwerefound
moreinmuddysubstrates

DriftdatacollectedatvarioussitesduringJuneSeptem
bershowedthatCricotopussppandTanytarsussppwere
mostcommoninthedriftatallsitesProcladiussppCryp
tochironomusspandDicrotendipesspweretakenocca
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Figure2Spreadingbasinsadjacenttothefloodcontrol
channeloftheSantaAnaRiverandresidentialindustrial

establishmentsinOrangeCountyCalifornia

sionallyinsmallnumbersonlyChironomussppwererare
MidgepupaewereabundantinthedriftPupaeformed25
50ofthetotaldriftatvarioussitesThepresenceoflarge
numbersofpupaeindriftindicatedthattheyareconstantly
carrieddownstreamandemergeindownstreamareas

Dataonadultemergenceandprevalencecollectedduring
AugustNovemberindicatedthatTanytarsussppwerepre
dominantintheareaTanytarsussppfemalesconsistently
outnumberedmalesProcladiussppwerepresentinfair
numbersinAugustandSeptemberandtheygraduallyde
clinedinsubsequentmonthsThefemaleswerealwaysfewer
thantheirmalesChironomussppincreasedduringthefall

Inadditiontotheabovedescribedstudiesdetailed
studiesonmidgeproductionandtheirdensitiesinrelation
tothechemicalandphysicalnatureofsubstratesandchem
icalcompositionofthewaterinvariousbasinsarebeing
carriedout
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BIOLOGICALACTIVITYOFINSECTICIDESAGAINST

CULICOIDESVARIIPENNISCOQUILLETTDIPTERA CERATOPOGONIDAE

CharlesSApperson

LakeCountyMosquitoAbatementDistrict
410EsplanadeLakeportCalifornia95453

CulicoidesvariipennisCoquillettisablackbitinggnat
ofconsiderableeconomicimportanceinmanyareasofthe
UnitedStatesThisspeciesistheprimaryvectorofblue
tonguevirusofsheepandcattleandhasrecentlybeenim
plicatedinthetransmissionofotherarbovirusesNelson
andScrivani1972Cvariipenniscanalsobepestiferousto
humanswhenadultgnatpopulationsaredenseInLake
CountyCaliforniathebitirgactivityofpopulationsfrom
BoraxLakecausesextremeirritationtonearbyresidents
NewJerseylighttrapcollectionsonemilefromthelake
haveexceeded50000adultsperweekinsummerunpub
lisheddata

AchemicalcontrolprogramwasinitiatedbytheLake
CountyMosquitoAbatementDistricttocopewiththis
problemSeveralaerialapplicationsofdieldrinweremade
in1969OrganophosphorusOPlarvicidesprincipally
fenthionanddieseloilhavesincebeenappliedduring
springandsummeralongthelakeshoreforcontrol
oflarvaeandpupaeAnabundanceofaquaticvegetation
andhighlyalkalinewaterpH10inthelakearethought
tohavehadadeleteriousefectontheactivityofthesein
secticidesFenthionandnaledhavebeenusedasadulticides
howeverthecontrolachievedthroughfogginghasbeenof
doubtfulvalueThusin1974itwasdeemednecessaryto
makeathoroughevaluationofthebitinggnatcontrolpro
gram

LaboratorystudieswereinitiatedinJulyOurprelimi
naryobjectivewastocharacterizethespectrumofinsecti
cidesusceptibilityofCvariipennislarvaeandadultstofind
suitableinsecticidesforuseinthefieldResultsofthisstudy
arepresentedhere

METHODSANDMATERIALSCollectionsoflarvae
andpupaeweretakenfromBoraxLakefromJulythrough
SeptemberLarvaeweretransferredtoenameledpanscon
tainingfilteredwaterfromClearLakeandheldat75Ffor
24hoursbeforebioassayPupaewereplacedonmoistcot
tonandisolatedin1gallonixcreamcontainersfittedwith
clothscreenlidsGranularsucrosewasplacedinthecon
tainersasfoodforadultsFemalesfrom24daysoldwere
usedininsecticidesusceptibilitytests

AllinsecticidesusedwereoftechnicalgradeSolutions
werepreparedinacetoneonawvbasisanddilutedtogive
desiredserialconcentrationsTwenty4thinstarsweretrans
ferredtoglassjarscontaining100mloffilteredwater
Fromhto1mloftheappropriateinsecticidesolutionwas
addedtoeachjarLarvalmortalitywasassessed24hours
laterNonmotilelarvaewerecountedasdeadBioassay pro

ceduresforadultshavebeendescribedbyGeorghiouetal
1972andAppersonandGeorghiou1973

Eachinsecticidewastestedat4ormoreconcentrations
Testswerereplicatedatleast4timesondifferentdaysThe
resultswereplottedonlogprobitpaperandthelogdosage
mortalityldplinesfittedbyeye

RESULTSANDDISCUSSIONTable1containsthe

ldpdataforlarvaeTheLC95valuesformethoxychlor
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dieldrinaldrinandchlordaneexceed10ppmNoldp
dataareavailableforotherpopulationsofCvarii
pennislarvaehoweverSmithetal1959foundCulicoides
furensPoeylarvaefromFloridatohavedeveloped
greaterthan100foldresistancetodieldrinTheyachieved
anaverageof50mortalityinresistantCfurenslar
vaeat10ppmAtthesamedosagewecouldkillanaver
ageofonly46oftheCvariipennislarvaetestedThissug
geststhatthelarvaehavedevelopedresistancetodieldrin
Thelowactivityofotherorganochlorineinsecticidesmay
stemfromcrossresistancesinceSmithandcoworkers
founddieldrinresistantCfurenslarvaetobehighlycross
resistanttoheptachlorlindaneandchlordane

AmongtheOPcompoundstestedagainstCvariipennis
larvaemalathionLC95170ppmwastheleasteffective
whilechlorpyrifosmethylLC950078ppmandABATE
LC950072ppmwerethemostbiologicallyactiveNo
definiteinterpretationofthedatacanbemadeintermsof
resistancesincethepopulationwasnottestedpriortothe
applicationofchemicalstoBoraxLakeTheLC95values
aregenerallycomparabletothoseachievedagainstfield
populationsofOPresistantmosquitoesasreportedby
Gilliesetal1974forCulextarsalisCoquillettandAedes
nigromaculisLudlowABATEandchlorpyrifosmethyl
maybeeffectivecompoundsforsmallscaletreatmentsof
Culicoidesbreedinghabitats

Table1EffectsofinsecticidesonCvariipennislarvae
fromBoraxLake

Insecticide

Methoxychlor
Dieldrin

Aldrin

Chlordane

Malathion

Fenitrothion

Methylparathion
Parathion

Fenthion

Chlorpyrifos
Chlorpyrifosmethyl
ABATE

LC50ppm LC95ppm

10

100

100

100
064

020

014

0096

0058

0042

0026

0025

350

170

051

028

023

019

010

0078

0072

0000Tetramethyl00thiodipphenylenephosphorothioate

ResultsofadultbioassaysareshowninTable2Propox
urLC9539pgcm2anddichlorvosLC9590pgcm2
werethemostactivewhileABATEdimethoateanddiel
drinexhibitedmuchlowertoxicityLC95160pgcm
Chlorpyrifosmethylandmethylparathionwerefoundtobe
moretoxicthantheirethylanalogsThereisnootherinfor
mationonthesusceptibilityofCvariipennisadultstoin



Table2EffectsofinsecticidesonCvariipennisadults
fromBoraxLake

Insecticide

Propoxur
Dichlorvos

Chlorpyrifosmethyl
Chlorpyrifos
Methylparathion
Naled

Parathion

Fenthion

Fenitrothion

Malathion

ABATE

Dimethoate

Dieldrin

LC501igcm LCgc

21

23

42

66

72

79

95

160

218

167

1600

1600

1600

39

90

134

145

176

236

260

300

323

339

secticidesHoweverGeorghiouetal1972testedavariety
ofinsecticidesforeffectivenessagainstLeptoconopskertes
ziBoeyfromsouthernCaliforniaChlorpyrifosmethyl
LC95096ugcmandmethylparathionLC950094
ygcmwerethemostactivecompoundstestedThesein
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secticidesweremoreactivethantheirethylanalogsCon
trarytotheresultsofourstudypropoxurLC95510pg
cmwasfoundtoexhibitlowtoxicitywhereasdieldrin
LC95027pgcmwasveryactiveagainstLkerteszi
adults

Chlorpyrifosmethylandchlorpyrifoswerehighlyactive
againstCvariipennisandLkertesziadultswhichsuggests
thatthesecompoundsmaybeusedasgeneraladulticidesfor
ceratopogonidbitingmidges
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MAINTENANCEANDTRANSPORTATIONOFBLACKFLY

DIPTERA SIMULIIDAELARVAEINNONAGITATEDWATER

JRAndersonandJAShemanchuk

Itiscommonlyknownthatthelarvaeofallblackfly
speciesarefoundinnatureonlyinflowingwaterFlowing
aeratedoragitatedwateralsoisrequiredforlongterm
maintenanceorrearingofblackfliesinthelaboratory
Fredeen1959HockingandPickering1954Muirhead
Thomson1966Odintsov1960Tarshis1968Taxonomic
researchnecessitatingtheassociationofimmaturestages
withadultsandbiologicalresearchonblackfliesoftenre
quiresthatlivinglarvaebetransportedfromtheirnatural
habitatsandintroducedintolaboratoryrearingdevices

Manyresearchershavehadsuccesstransportinglivelar
vaeofsimuliidspeciesfromthefieldtothelaboratorywith
littlemortalitywhensuchlarvaewereintransitincontain
ersofwaterforonlyafewhoursafterremovalfromcreeks
streamsorriversButwhenblackflylarvaewereleftin
nonagitatedwaterforseveralhoursmortalityratessoared
ForexampleTarshis19661968workinginMichiganand
Marylandreportedthatsimuliidlarvaewouldnotremain
alivelongerthan6and8hoursinnonagitatedwaterBe
causeofthistransportationsurvivalproblemOdintsov
1960inRussiadevelopedaportabledeviceforaerating
containersinthefieldandduringtransporationIntheUS
Tarshis1966andTarshisandAdkins1971alsode
scribedportableaeratingequipmentusedintransporting
blackflylarvaelongdistances

Wu1931oneoftheearlyworkerstocommentonthe
survivalofblackflylarvaeinstandingwaternotedthatlar
vaefromcoldstreams sufferedmuchmorein

transitfromthefieldtothelaboratorythandidlarvaefrom
warmerwatersandsheconcludedthatlarvaeendured

coldstandingwatermuchbetterthanstandingwater
whosetemperatureishigherthantheirnaturalhabitat
Wu1931furthernotedthatwhenlarvaewere leftin

standingwaterlargenumbersdiewithinashorttimeas
wasobservedbypreviousinvestigators butincontainers

ofstandingwater50 57F shesometimesfoundthat

manylargelarvaeofSimuliumvittatum livedfor8

14daysandafewsmalllarvaelivedfor23daysFredeen
1959foundthatwatertemperaturewascriticalforthe
survivalanddevelopmentofblackflylarvaeofvarious
speciesSarcticumlarvaeonlydevelopingtomaturity
whentemperaturesremainedbelow70FbutSvittatum
doingsoattemperaturesupto92FIntotalFredeen
reared8speciesattemperaturesof58 92F

InstandingwaterinpetridishesDaviesandSyme1958
keptmaturinglarvaeofProsimuliumfuscumandPmixtum
alivein116inchofcoldwater3545Ffor6weeksAfter
beingstarvedforseveraldaysabouthalfofsuchlarvaefilled
theirdigestivetractsinabout24hoursat4050Fafew
evenfilledtheirgutsin24hoursat35FAt40 50Fit

tookmostlarvaeaweektohalfemptytheirgutsandover
2weekstocompletelyemptythemWhen62larvaeofP
fuscumandPmixtumwerefieldat4050Fin14inchof

UniversityofCaliforniaDivisionofEntomologyandParasit
ologyBerkeleyCalifornia94720
2CanadaAgricultureResearchStationLethbridgeAlberta

T1J4B1
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waterinapetridishtheonlyexperimentforwhichassoci
ateddensityandmortalitydatawereprovidedtheassoci
atedmortalitywas19after8days61after16daysand
855after23daysDaviesandSyme1958Forshort
termtransitWoodandDavies1966successfullytrans
portedlarvaeandpupaeofblackfliesinathinfilmofwater

inyetridishesstackedinacontainerkeptchilledto35
55FSimilarlyBaileyetal1974notedthattheaddition
oficetobucketsandplasticbags keptthetemperature
below10Candallowedsamplestobeheldincollection
vesselsforseveralhoursandgreatlyenhancedlarvalsurviv
alTemperaturereductionoftransportwateralsohasbeen
usedtosuccessfullytransportvariousfishspeciesCuerrier
1952Horton1956Norrisetal1960andHorton1956
foundthatpostplantingmortalityoftroutwassignificantly
lowerwhentheywereincoolwaterinsteadofwarmwater

WhileinvestigatingthepotentialautogenyofSarcticum
andotherspeciesofblackfliesfromsouthernandnorthern
AlbertaCanadaitwasnecessarytomaintaincollectedlar
vaealiveintransitforseveraldayspriortotheirbeingtrans
ferredtolaboratoryrearingcontainersWewantedtoavoid
usingairpumpsandbatteriesinthefieldsincesnowmobiles
andAllTerrainVehiclessometimeswereusedfortranspor
tationSinceseveralworkershadsuccessfullymaintainedlar
vaeofsomespeciesin116 14inchesofnonaerated
standingwaterinpetridishesheldat3545Fwedecided
toevaluatethistechniqueforlongtermtransportationOur
methodologyconsistedofputtingcollectedblackflylarvae
intostyrofoamboxescontainingfrom18 112inchof
naturalstreamorriverwaterLarvaeattachedtorockswere

gentlyrubbedoffbyhandintowaterinthestyrofoam
boxesorintoabucketofdeeperwaterlaterpouredinto
styrofoamboxesOtherboxesreceivedbladesofgrassand
othervegetationbearinglarvaeThestyrofoamboxesused
werethetypeavailableatmostcommercialstoresforafew
dollarsTheseslightlytaperedboxeshadaninsidebottom
dimensionof71x14inchestheywere9inchesdeepand
hadsideseither58or1inchthickDuringfieldtripswe
periodicallyaddedenoughiceorsnowtothestyrofoam
boxestokeepthewatertemperatureat50ForlowerIn
thelaboratorytheboxeswereputinconstanttemperature
roomsDeadlarvaewerecountedandremovedwithapi
petteorforcepsat24or48hourintervals

Inthefirstattempttotransportlarvaeinnonagitated
waterlateinstarSvittatumlarvaewereremovedfromthe

35FwaterofFlatCreeknearAthabascaAlbertaon31
October1973Larvaewereputintoboxescontainingabout
34inchofcreekwateroneboxreceivedlarvaeonvegetation
andtheotherreceivedonlylarvaerubbedoffrocksEach
boxcontainedabout4000larvaeEnroutefromthefield
tothelaboratorytheseboxesweretransportedintheun

heatedbutcoveredrearcompartmentofapickutruck
wheretheairtemperaturevariedbetween10and20FThe
styrofoamboxeswereexposedtothesetemperaturesfor
about6hoursthefirstdayand8hoursthesecondday
duringwhichthewaterintheboxeswasagitatedby
movementofthetruckThestyrofoamtransportboxes



Table1Comparativemortalityofsimuliidlarvaeinstandingwater
a

Species

Svittatum

Sarcticum

Sarcticum

Sarcticum

Sarcticum

Svenustum

Svenustum

Svittatum

Svittatum

Group Coll Noof Temp Water

No Date larvaebox 1FDepth24

II

III

IV

V

VI

VII

VIII

IX

31X73

20XI73

20XI73

24IV74

24IV74

29V74

29V74

16VI74

16VI74

642 66 18
273 66 116 414

65 50 116 00

622 50 12 00

405 59 12 270

1390 54 114 80

1725 75 114 400

1938 48 1 06

1615 59 1 216

c192hours

d108hours

eTemperaturebeganat68Fbutincreasedtoahighof75Fintransit

wereremovedfromthetruckandheldinaheatedroom

forabout24hoursbetweendays1and2Iceperi
odicallywasaddedtotheboxeswhiletheywereheld
indoorsatabout68FUponarrivalattheLethbridge
laboratorytheonlymortalityafter50hourshadoc
curredinoneboxinwhichabout1000larvae froze

enrouteafterbecomingentangledinameshclothstrain
erleftintheboxOtherlarvaeintheboxesappeared

unharmedAt50hourspostcollectionthedeadlarvaewere
removedandabout2000larvaefromeachboxweretrans
ferredtoaeratedrearingjarsTwoteneraladultsalsowere
removedatthistimeLarvaeandpupaeremaininginthe
originalboxeswithcreekwaterandcreekwaterandvege
tationwerethenheldat65Fandathirdboxoflarvae
with14inchofcreekwaterandvegetationwasheldat50F
Therewere800 1000larvaeboxAfter48hoursduring
whichthewaterwarmedto65Ftherewere6morenewly
emergedadultsintheoneboxandan8and12mortality
oflarvaeinthe2boxesAfter5daysthecumulativelarval
mortalityinthe2originalboxeswas15and19 In

theboxat50Ftherewasanestimated1 2mortality
after48hoursandamortalityof7after5daysand30
after13daysOnseveralotheroccasionsblackflylarvae
weresimilarlytransportedsuccessfullyfromfieldcollection
sitesinstyrofoamcontainersholding14 1inchofice

chilledwater

TheresultsTable1forothercollectionsshowthatby

usingthe abovetechniqueandatwatertemperaturesof48
54FthecumulativemortalityofSarcticumSvenus

tumandSvittatumlarvaefromdifferentsourceswasbe

tween0080after24hours15 170after2days
and60 240after3daysLarvaeinwarmerwaterper
ishedmuchfastersomereachinga400mortalityrateby
12to24hourswithmanymoribundlarvaealsonoticed
thenBy48hoursinwaterat6668FlarvaeofSarctic
umandSvenustumhadexperiencedmortalitiesof72and
95 Simuliumvittatumwhichsurviveswellinbothcold
andwarmwaterattimesexperiencedonlya200250
mortalityafter5and6daysinshallowstandingwaterat
even6466F
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CumulativePercentmortalityafter
48 72 96 120 144hrs

144 168 179 210 277
720 920 exptterminated
15 60 exptterminated
30 200 970

600 1000

170 240 270 350
950

24 148 206 256

391 575 672

aAlllarvaeheldintaperedstryofoamboxeswithaninsidebottomdiameterof7x14inchesGroupsIIVincludedthirdtosixthinstarlarvae
allothergroupsconsistedpredominantlyoffifthandsixthinstarlarvae

bininches

Theaquaticoriginforeachofthe9groupsoflarvaein
Table1areasfollowsIFlatCreekNorthernAlbertaII
VCrowsnestRiverSouthernAlbertaVIIXFlatCreek
NorthernAlbertaAftertheirarrivalattheLethbridgela
boratorytheGroupISvittatumlarvaecollectedon31
October1973weremaintainedinaeratedcontainersof
riverwaterfrom2November1973untiltheyweretrans
ferredonNovember9toastyrofoamboxcontainingtap
waterTheSarcticumlarvaecollectedon24April1974
wereheldindistilledwaterallotherlarvaewereheldin
waterfromthecollectionsiteThetypeofwateruseddid
notseemtomarkedlyaffectlarvalsurvivalbutafter24
hourstherewasasomewhatgreatermortalityofSvittatum
larvaeinfoodlesstapwaterLarvaesurvivingafter24days
instandingwaterwentontocompletetheirdevelopment
whentransferredtorearingcontainerssuppliedwithcom
pressedairandfood

Ourresultsindicatethatshallownonagitatedicechilled
watercanbeusedtosuccessfullytransportandmaintain
blackflylarvaealiveforseveraldayswithverylittlemor
talityThesuccessofthistechniqueappearsrelatedtothe
followingfacts1waterat40to50Fcontainsmoredis
solvedoxygenthanwarmerwater2themetabolicrateof
larvaeislowerincoolwaterthaninwarmwaterand3in
shallowwatermassesoflarvaerarelybecomeentangedand
dieinglobsofthestickygluelikesubstancesecretedfrom
thesalivaryglandsofthelarvaeMostlarvaeinshallow
waterattachtothebottomandsidesofthecontainerin

steadofdriftingaboutsecretingnumerousgluelikethreads
Inareaswhereitisimpracticaltorelyonicewateritmay

bepossibletoachieveresultssimilartooursbyaddingcer
tainanaestheticstocontainersofshallowwaterWithre

specttofishtransportationNorrisetal1960notedthat
transportproblemsandmortalitycouldbealleviatedby
loweringthemetaboliclevelbytemperaturereductionor
narcosis
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CONTROLOFCULEXMOSQUITOESINWEEDYLAKEHABITATS

INLOSANGELESWITHCHLOROHYDRAVIRIDISSIMA

HSYu EFLegnerandFPelsue

ABSTRACT

EuropeangreenhydraChlorohydraviridissimaPallaswere
introducedattherateof10000eachin3tulehabitatsofHarbor
Lakeand1ornamentalweedypondinLosAngelesCountyCali
forniaCulexpeusSpeiserandCerythrothoraxDyarandhydra
populationswereassessedmonthlyHydrawerewelladapted
tomosthabitatstestedearlyintheseasonbutadaptability
declinedindrainagechannelsandatHarborLakelaterinthe
seasonCulexpopulationswerereduced93byJune5de

TheEuropeangreenhydraChlorohydraviridissimais
apotentiallyeffectivebiologicalcontrolorganismformos
quitolarvaeSinceHargreaves1924firstreportedhydra
predationsubsequentstudiesonthedestructivecapacityof
HydravulgarisPallasHamlynHarris1929Twinn1931
Stephanides1960andHamericanaHymanQureshiand
Bay1969showedhydratobeeffectiveagentsagainstmos
quitolarvaeYuandLegner1973studiedCviridissima
andpresentedsuccessfulresultsofsustainedmosquitolar
valcontrolinoutdoorexperimentalCulexbreedinghabitats
inRiversideCaliforniaandagainstnaturallybreedingpop
ulationsofAedesnigromaculisLudlowandCulextarsalis
CoquillettinKernCountyCaliforniaYuetal1974a
1974bThisreportdiscussesresultsofCviridissimainocu
lationsinweedyaquatichabitatsinLosAngelesCalifornia
andtheeffectivenessofthisspeciesagainstnaturallybreed
ingpopulationsofCerythrothoraxDyarandCpeus
Speiser

MATERIALSANDMETHODSHydraoriginatingfrom
astockoftheEuropeanstrainofChlorohydraviridissima
securedfromtheUniversityofCaliforniaIrvineweremass
culturedaccordingtothetechniquedescribedbyLenhoff
andBrown1970Wateradaptabilitytestsweremadein
severalnaturalmosquitobreedinghabitatspriortoand
duringfieldexperimentsusingcriteriaandmethodsre
portedbyYuandLegner1973Randomwatersamples
weretakenfrom8selectedweedyaquatichabitatsinLos
AngelesCountywhichincludedwatersofawastewater
drainagetulepondportionsoftheCoyoteCreekanorna
mentalpondandwastewaterdrainageditchesnearapart
mentcomplexesFigures13

Hydrawereinoculatedattherateof10000pertreat
mentreplicateinthemosquitohabitatsusingthechilled
volumetricmethodofLenhoffandLoomis1957At
HarborLake3treatmentsandcontrolswereselectedina
tulecoveredportionofthelakeAtDiamondBaranorna
mentalpondintheresidentialareawastreatedandcom
paredtoothersimilarpondsintheareaHydrawereinocu

1ResearchpartiallysupportedbyGrantGB31068oftheNation
alScienceFoundationandgrantinaidandassistancefromSouth
eastMosquitoAbatementDistrictCalifornia
2UniversityofCaliforniaDivisionofBiologicalControlRiver

sideCalifornia92502

3SoutheastMosquitoAbatementDistrict9510SouthGarfield
AvenueSouthGateCalifornia90280
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latedhomogeneouslywithinareaswitharadiusof15
metersca1hydra10cmofwatersurface

Hydraweresampledusing2differentmethodsdepend
ingonconditionsfoundineachhabitatTwelvethinwhite
plasticplates304x152cmwereusedatHarborLakeas
previouslydescribedYuetal1974a1974bwithplates
ca305cmapartIntheornamentalpondvegetationsub
stratesampleswereusedHydrathatbecameattachedto
theplatesorthevegetationwerecountedimmediatelyin
thefieldandreturnedtoeachrespectiveplot

Mosquitodensitywasestimatedbytakingfourrandom
spotsineachtreatmentofcontrolandtakingeight400ml
dipsperspoteachmonth

Differencesbetweentreatmentsandcontrolsweretested

usingStudentsttestSnedecorandCochran1967
afterbasicdatahadbeentransformedtoPr7ET

RESULTSANDDISCUSSIONHydraAdaptabilityand
MosquitoBreedingLaboratorytestsofhydraadaptability
towatersamplesfrom8differentlocalitiesinLosAngeles
Countyshowedthat80ormoreofthehydrawerewell
adaptedtowaterfoundin6ofthehabitatsTable1The
poorestadaptabilitywasintheCoyoteCreekdrainage
whereonly555ofthehydratestedwereratedaswell
adaptedInHarborLake733ofthehydrawerewell
adaptedinJuneFigure1butdeclinedto367inOcto
berTable1and2CulexerythrothoraxandCpeuswere
thepredominantspeciesfoundbreedinginHarborLake
andCpipiensquinquefasciatusSayintheornamentalpond
Table1

MosquitoControlatHarborLakeAsignificant953
mosquitolarvalreductionappearedatHarborLakeon
June5asaresultofhydrainoculationsTable3Host
destructiongraduallydecreasedto781onJuly3and
452onAugust7respectivelythedifferencesindensity
betweeninoculatedplotsandthecontrolvaryinginsignifi
cancebetween9599 Hostdestructiondeclinedto355

onSeptember10only70significanceHoweveritin
creasesto57onOctober1695significanceTable3

Mosquitodensityinthecontrolsshowedtwopeaksone
inJunewithanaverageof283larvaedipandtheotherin
Octoberwith129larvaedipMosquitopopulationsinthe
controlaveraged283larvaeinJunewhileareasthathad
beeninoculatedwithhydraweresignificantlylowerwithan
averageofonly13larvaedipTable3

cliningto78onJuly345onAugust7and35on
September10inHarborLakeHowevercontrolincreasedto
57onOctober16Aslowhydradensitydeclineafterthe
initialintroductionswascorrelatedwiththeirsuboptimumadap
tabilitytothewaterAcompletecontrolwasrecordedinhydra
treatedweedyedgehabitatsofanornamentalpondatDiamond
Barwhereanaverageof12hydrapersamplewasrecovered
inOctober



Figure1Tulepondshowingoneoffourplotsusedfor
fieldpredationtestsofChlorohydraviridissimaagainstCu
lexerythrothoraxandCpewLosAngelesCalif1974

Figure2Ornamentalpondshowinganopenandweedy
habitatwhereChlorohydraviridissimawerereleasedagainst
CulexpipiensquinquefasciatusDiamondBarLosAngeles
CountyCalifornia1974

Thehydrapopulationmeasuredasthemeannumberper
plasticsamplerwas30onJuly3onemonthafterthehydra
inoculationTable2Howeverhydranumbersgraduallyde
creasedto07inAugustand03inSeptemberTable2
Thebuddingindexieameasureofenvironmentalfavor
abilityYuandLegner1973alsograduallydecreasedfrom
388inJulyto125and0inAugustandSeptemberre
spectivelyTable2Hydracouldnotbedetectedinthe
October16samples

ControlinanOrnamentalPondHydrainoculationselim
inatedCpquinquefasciatusbreedingfromtheweedynear
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Figure3WeedcoveredCoyoteCreekAandcon
cretebottomwastewaterdrainagechannelBwhere
ChlorohydraviridissimawerereleasedagainstCulexspp
LosAngelesCountyCalifornia1974

shoreareaoftheornamentalpondandreducedthedensity
withinastandofcattailsinthesamepondwhencompared
toothersimilarpondsinthenearbyareaTable4Overall
hostreductioninthepondbytheendofOctoberwas
931comparedtoearlierintheyearAlthoughGambusia
topminnowswerepresentinthepondtheywereunableto
destroymosquitoesintheweedycoveralongtheshore
whichwasthoroughlyeffectedbythehydraOtherponds
intheareaproducedsubstantialnumbersofmosquitoes
fromboththeshoreareasandinstandsofcattailsevenin
thepresenceofGambusiaHydrarecoveredonOctober31
bymeansofvegetationsubstratesamplingaveragedca12
930sqcm

HydraAdaptabilityandHostDestructionItisinterest
ingtonotethatthecapacityforhostdestructionappeared



Table1ProportionofwelladaptedlChlorohydraviridissimatonaturalmosquitobreedinghabitatsinLosAngeles
CountyCaliforniacomparedwithstandardculturewaterJuneOctober1974

Habitat

Tulepond
tulecovered

Tulepond
wastewater

drainage

CoyoteCreek
cementbot

tom

CoyoteCreek
weedcovered

Ornamental

pond

Wastewater

drainditch

Wastewater

cattailweed

SampleDate

July3
August7
September10
October16

Locality

HarborLakeHarborCity
LosAngeles

HarborLakeHarborCity
LosAngeles

15miEofSantaFe

SpringsLACounty

CandlewoodCountryClub
15miESantaFeSprings
LACounty

CoCustomHouseDiamond
BarLACounty

DiamondBarLACounty

DiamondBarLACo

ltentacleswellstretchedandbodynormalYuandLegner1973
2EDTAversineandcalciumchlorideformulaLenhoffandBrown1970
3100NowelladaptedintreatedNowelladaptedincontrolX100
4Gambusiatopminnowspresent

Table2AveragenumberofChlorohydraviridissimaperplasticsamplefollowingmassreleaseinCulexpeusandC
erythrothoraxbreedinghabitatofHarborLakeandaveragenumberofhydrawelladaptedincomparisonwith destruction
LosAngelesCalifomiaJulyOctober1974

MeanNoHydra BuddingIndexl
Sample

30

07

03

00

MeanNoHydraUsed MeanNoWellAdap

Lab Lab We11

Standard Natural Standard Natural adapted

153 177 153 163

150 150 147 110

150 150 147 83

150 150 145 135

175 175 165 170

175 175 165 145

175 180 165 155

388

125

00

00

110

91

83

55

925

730

555

900 None

971

829

861 None

MeanNoHydra HostDestruction

welladapted

953

452

355

570

Mosquito

Species
Breeding

Culex

erythrothorax

Cpeus
Cerythro

thorax

Culexspp

Cpquinque
fasciatus

None

1NoHydrawithbudstotalNoHydraX100
2MeannoHydrawhentotalof150used
3Hydrawerenotdetectablebutoilwasfloatedonwatersurfaceandmanycarcassesofaquaticimmaturestagelarvaewerefoundalkalinity

reached155ppmallavailableevidencesshowedthathabitatwaterhighlypolluted
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Table3AveragenumberofCulexpeusandCerythrothoraxlarvaeper400mldipintulepondofHarborLakeand
reductionintreatedwithChlorohydraviridissimaascomparedwithcontrolMayOctober1974

SampleDate

June5

July3
August7
September10
October16

Sampledate

TreatedMeanNo400mldip

Plot1 Plot2 Plot3

25

49

37

79

54

ReferencesCited

01

00

NA
03

04

1Reduction100TreatmentControlX100
2Samplingimpossibleduetodrying
3Significanceat90 95

PRETREATMENT

July18 00 47

August29 00 15

POSTTREATMENT

October31 00 00

Reduction 1000

73

78

105

109

Table4AveragenumberofCulexpipiensquinquefasciatuslarvaeper400mldipinornamentalweedypondatDiamond
BarLosAngelesCountyand reductionbyChlorohydraviridissimacomparedwithpretreatmentcontrolAugustOctober
1974

AverageNo400ml

OpenArea Edgevegetation

correlatedwithhydraadaptabilityinagivenhabitatInthe
tulehabitatofHarborLaketheinitialadaptabilityex
pressedbymeannumberwelladaptedoftotalhydratested
when15hydrawereusedperreplicatewas11onJuly3
whereashostdestructionatthesametimewas953
Tables2and3Howeversubsequentdecreasesinadapta
bilitywereaccompaniedwithsimilardecreasesinhostde
structionTable2Thecorrelationcoefficientbetween
hydraadaptabilityandhydraestablishmentinthetulehab
itatwasr 0843995significancefurtherindicatingthe
reliabilityofthisrelationship

HamlynHarrisR1929Therelativevalueoflarvaldestructorsand
theparttheyplayinmosquitocontrolinQueenslandProcRoy
SocQd422338

HargreavesE1924EntomologicalnotesfromTarantoItalywith
referencetoFaenzaduring1917and1918BullEntomolRes
1421319

126

Meanof Average

Controll Control Treated Reduction

283

184

105

96

129

Filamentous
Cattails Algae Subtotal

13

02

01

480

283

184

105

96

129

13

40

57

62

55

Average

60 20

17 06

01 00

926 931

953

781

452

355

570
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LenhoffHMandWFLoomis1957Environmentalfactorscon
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SnedecorGWandWGCochran1967StatisticalMethods6th
edIowaStateUnivPressAmesIowa593p

StephanidesT1960Ontheinfluenceofthehydrainmosquito
controlPraktikaoftheHellenicHydrobiologicalInstitute715

TwinnCR1931Observationsonsomeaquaticanimalsandplant
enemiesofmosquitoesCanadEntomol6335161

YuHSandEFLegner1973InoculationofhydraCoelenter
ataandpredationeffectivenessinexperimentalmosquito
CulexbreedinghabitatsProcCalifMosqControlAssoc
41131136

YuHSEFLegnerandRDSjogren1974aMosquitocontrol
withEuropeangreenhydrainirrigatedpasturesriverseepage
andduckclubpondsinKernCountyProcCalifMosqControl
Assoc427778

YuHSEFLegnerandRDSjogren1974bMassreleaseef
fectsofChlorohydraviridissimaPallasonfieldpopulationsof
AedesnigromaculisLudlowandCulextarsalisCoquillettin
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THEUSEOFTHEPLANARIANDUGESIADOROTOPHALA

FORMOSQUITOCONTROLINRICE
HSYuandEFLegner

UniversityofCalifornia
DivisionofBiologicalControlDepartmentofEntomologyRiversideCalifornia92502

TheplanarianDugesiadorotocephalaWoodworthisa
potentiallyusefulTurbellarianwormforbiologicalcontrol
offreshwatermosquitolarvaePlanariahavebeenknownas
mosquitopredatorssinceLischetti1919andStageand
Yates1939reportedthatDugesiatigrinaGirard1850
SynPlanariamaculataGirard1851effectivelyconsumed
CulexandAedeslarvaewhichwereusedasfoodSubse

quentstudiesonthedestructivecapacityofDugesiadoro
tocephalashowedthatthisspecieswasaneffectiveaquatic
predatoroftheegglarvalandpupalstagesofCulexpeus
SpeiserCpipiensquinquefasciatusSayandCtarsalisCo
quillettLegnerandMedved19721974MedvedandLeg
ner1974LegnerandMedved1974observedthatcom
pletelarvaldestructionoftestedhostswasobtainableboth
inlaboratoryexperimentsandinsemifieldearthenaquaria
Thuslargerscalefieldexperimentsarebeingconductedby
usutilizingnaturalmosquitopopulations

Preliminaryresultswhichwillrequireadditionalreplica
tionindicatethatupto80sustainedCulextarsalisandC

1Researchpartiallysupportedbygrantsinaidandassistance
fromtheSoutheastMosquitoAbatementDistrictandtheLos
AngelesCountyFloodControlDistrict
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peuslarvalandpupalcontrolcanbeattainedAlsoplanaria
canreproduceatsuitableinoculationsitesdoublingtheir
populationdensityaboutevery30days
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LARVICIDALEFFECTSONMOSQUITOESOFSUBSTANCES

SECRETEDBYTHEPLANARIANDUGESIADOROTOCEPHALAWOODWORTH

EFLegnerandHyoSokYu

UniversityofCalifornia
DepartmentofEntomologyDivisionofBiologicalControlRiversideCalifornia92502

Theactionofstickymucoussecretionsproducedbytheplanar
ianDugesiadorotocephalainparalyzingmosquitolarvaeand

Stickymucoussecretionfromepidermalglandsarepro
ducedbyvariousspeciesofTurbellariaincludingtheplan
ariaCastle1928HymanandJones1959Pennak1953
StorerandUsinger1965theirfunctionbeingconnected
withlocomotionandentrappingpreyLarvicidalproperties
ofthesesecretionsonmosquitoeshavebeenemphasized
justrecentlyLegneretal1974LegnerandMedved1974
MedvedandLegner1974Generallythelarvicidalactionof
mucouswasobservedinthepresenceofhuntingplanarians
andthoughttooperateasacindofsmotheringagentHow
everfurtherlaboratorystudiesshowedapersistentlarvi
cidalactivitylongafterplanarianswereremovedfromthe
environmentAlsocloserobservationsonhuntingplan
ariansshowedthatonlyasmallamountofmucouswas
necessarytocontactapreyandparalyzeitsmotheringnot
beingrequiredThecurrentexperimentsweredesignedto
testtheactivityoffreemucoussecretionsaridwaterand
acetonedissolvedmucousderivativesonmixedculturesof

CulexpensSpeiserandCpipiensquinquefasciatusSay
METHODSANDMATERIALSExperimentalculture

stocksoftheplanarianDugesiadorotocephalaWoodworth
wereoriginallycollectedfromLytleCreekCaliforniain
September1974MedvedandLegner1974Threegroups
oflaboratoryexperimentswereconductedonegroupem
ployingalargevolumeofwaterforobservationsofpreda
tionanothergroupasmallervolumefortestingthelarvi
cidaleffectsofmucoussecretionsandafinalgrouputiliz
ingminutevolumesofwaterinwatchglassesforfurther
secretionstudies

Inthefirstgroupabout100matured1418mmlong
planariawereplacedinto31X17X10cmpolystyrene
aquariathesidesofwhichweredarkenedwithblacktape
andthetopdarkenedwithascreenedcoverFigure1Uni
formagesofCulexpeuslarvaewereobtainedbyhatching
eggraftsinplastictraysPlanariaweredistributedevenlybe
foreintroducing502ndand3rdinstarCpeuslarvaePlan
ariapredationwasobservedwithavisormagnifyingbinoc
ular275XFigure1andimmobilizedorsurvivinglarvae
werecounted

Inthesecondgroupofexperiments90mmpetridishes
wereeachfilledwith25mloftestsolutionsderivedfrom

planariamucousTwenty3rdinstarsofmixedcolonies
ofCulexpeusandCpipiensquinquefasciatuslarvaewere
exposedtowaterandacetonedissolvedmucoussolutions
Mucousaggregateswereobtainedbystarvingplanariafor
24hrsfollowedbyanofferingofmosquitolarvalfood

1ResearchsupportedbygrantsinaidfromtheSoutheastMos
quitoAbatementDistrict

ABSTRACT
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pupaeisdescribedSubstancestoxictomosquitolarvaeweresus
pected

Thiscausedplanariatosecretelargeamountsofmucous
whichcouldberemovedfromtheirbodysurfacebypart
ialmascerationfollowedbydissolvinginacetone

Aqueoussolutionswereobtainedbycentrifuging50
masceratedfoodstimulatedplanariainwaterAcetonedis
solvedpreparationsweremadebyemersing440mgmas
ceratedsimilarlyfoodstimulatedplanariain5mlacetone
reagentAftertheacetonehadevaporatedtoabout45ml
15mlofthefinalconcentrationwareaddedto235ml

distilledwatercontaining20Culexlarvae
Thethirdgroupofexperimentswasconductedin635

mmdiamwatchglassesTenstarvedplanariawereintro
ducedin1mldechlorinatedtapwaterfollowedbyfood
stimulationwith102ndinstarCpeuslarvaefor10min
Dugesiaandpreyremainswerethenremovedandthewater
adsorbedontoblottingpaperAcetonep5mlwasthen
addedtodissolvetheresiduemucoussecretionsWhenthe

acetonehadhalfevaporated1mldistilledwaterwasadded
Fifteen2ndinstarCulexlarvaewerethenintroducedand

thewatchglasscoveredSurvivinglarvaewerecountedafter
24hrs

Mosquitolarvaethatsurvivedatestsequencewere
countedandpercentmortalitycalculatedwiththeformula

MortalityABCx100whereA numberofmosqui
tolarvaealiveinthecontrolB numberaliveinthetreat

mentandC numberoflarvaeusedinthetestTestswere

discardedwhenthecontrolmortalityexceeded5
RESULTSANDDISCUSSIONPlanariaActivityWith

MosquitoLarvaeMosquitolarvaeintheexperimentswere

Figure1Plastictray315X165X100cmwith
blacktapedarkenedsidesand275Xmagnifyingbinocular
fordetailedobservationsofpredatorybehaviorofDugesia
dorotocephala



Table1Directandindirectmortalityof50mixed3rdinstarCulexpeusandCpipiensquinquefasciatuslarvaeexposedto
100Dugesiadorotocephalainplastictrays

Exposure

PeriodMin

PlanariaPresent

1

10

30

Controlnoplanaria

1

10

30

13replicates
2Asmall recovered

3Larvaeengulfedbyplanaria

AvgNo

6

16

25

0

0

0

Table2Mortalityof20mixed3rdinstarCulexpeusandCpipiensquinquefasciatuslarvaeexposedfor24hrstosuper
natantsofcentrifugedmasceratedstarvedandfoodstimulatedDugesiadorotocephalainwaterandacetone

Treatment NoLarvaeSurvivedafter24hrs AvgNo

Repl1 Rep12 Repl3 Alive

WaterDerivedSupernatant

Conc1
ConcII
ConcI1I
Controls

AcetoneDissolvedSolution

ConcI
ControlI

ControllIs

20

20

20

20

18

20

20

MORTALITY

Indirect Direct

AvgNo

12

32

49

eitherkilleddirectlybyplanariacontactorindirectlyby
isolatedmucoussecretionsDirectkillwaseasilyobserved
Dugesiaglidingswiftlytoawigglinglarvaandgraspingit
withthestrongadhesivelikemucoussecretionusuallycon
centratedneartheheadregionThiswasfollowedbyen
velopingthelarvaandingestingitsfluidcontentsbysucking
followedbyrejectionoftheremainsFigure2andVillee
WalkerandBarnes1973Indirectkillresultingwhenmos
quitolarvaecontactedmucoussecretionsleftinthewater
wasmoredifficulttodiscernbecauseofthealmostcom

20

19

20

20

18

20

20

129

6

14

0

0

0

20

20

20

20

16

20

20

2

13

29

1mortalityNolarvaealiveincontrolNolarvaealiveintreatmentNolarvaeusedX 100

2Nodilution
3Dilutedto0119supernatantdistilledwater
4Dilutedto001

5Distilledwater25ml

615mlsolution235mldistilledwater

7Distilledwater235ml15mlacetonesolution

TotalMortality

AvgNo

7

22

39

0

0

0

20

20

20

20

17

20

20

14

45

78

Mortality

0

1

0

0

14

0

0

pleteinvisibilityofthesecretionsAmorecompletedis
cussionofpredatorybehaviormaybefoundinLegnerand
Medved1974andMedvedandLegner1974

Resultsofgroup1experimentsconductedinlargeplastic
trayswith100planariashowedthatmortalityoflarvaerap
idlyincreasedfrom12in1minto49in30minand
thatdirectkillrepresentedasignificantlylowerpercentage
killthanindirectkillTable1Theaveragesurvivalofmos
quitolarvaeafter30minwasonly23



D

Observationsingroup1experimentsofimmobilizedlar
vaewithoutanyevidenceofbodilycontactwithplanaria
suggestedtheexistenceoftoxicsubstancesThemucous
secretionsapparentlyimmobilizedlarvaebycausingapara
lysisInmanyinstanceslarvaewithoutanysignofmucous
contactielarvaecontactedbymucoususuallybecame
stucktothesubstratewereimmobilizedandshowedvigor
oustwistingsymptomsofboththeabdomenandhead
Howevertheselarvaemighthavecontactedminutefrag
mentsofmucousthatwerenotdiscerniblevisuallySuch
larvaewereunabletosurfaceandeventuallydrownedThe
symptomsofimmobiliztionandparalysiswereverysimilar
tothatcausedbyChlorohydraviridissimaPallasBlanquet
andLenhoff1966LenhoffandLoomis1961wherean
eversiblethreadisreleasedfromanematocystFigure2F

MucousDerivedMortalityAslightbutnonsignificant
mortalityof2wasdetectedingroup2experimentsusing
thesupernatantofanaqueousmixtureofmucousand
watersupernatantfurtherdiluted10timesTable2

B

F

Figure2DiagramaticillustrationsshowingpredatorybehaviorofDugesiadorotocephalaAcapturemovementfor
mosquitolarvaeBenvelopingaftercaptureCingestionoflarvalfluidsDrollupandsuckingpositionEexuviae
residueof2CulexlarvaeFsymptomaticparalyzedpositionofCulexlarvaaftercontactwithDugesiamucous
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Howeverasignificantmortalityof14wasobtainedwith
anacetonederivedsupernatantTable2

Ingroup3experimentsacompletekillwasobtained
withtheacetonederivativeafter24hrexposurein3repli
cateswithmortalityobservedtooccurgraduallyintime
Theexactmodeofactionoftheacetonederivativewasnot

determinedbutentanglementandsuffocationweredefin
itelyeliminatedasapossiblecauseThepossibleinvolve
mentofrhabditesaskillingagentswasalsoeliminatedin
group3experimentsAlthoughonemightsuspecttheex
istenceoftoxicorganicsubstancesinthemucousthatbe
comepartiallydissolvedinacetoneandonlyveryweakly
dissolvedindistilledwaterfurtherstudiesarenecessaryto
definitelyremovepossibledirectkillingeffectsoftheace
toneinthesetestsForexampleacetoneinthecontrols
quicklyevaporatedandmosquitoesrecoveredfullyafter
showinginitialstresswhilethepresenceofmucousinthe
treatmentsmighthavereducedevaporationratethroughad
sorptionorsomeothermechanism



ThemucoussecretionsofDdorotocephalaappearto
servetwofunctionswhichenablethispredatortocapture
itspreyFirstthesecretionsactasastrongadhesivewhich
serveaspseudomandiblesenablingtheplanariantohold
ontoitsstrugglingpreySecondtoxicsubstancesinthe
secretionsmayslowlyseveralsecondsparalyzetheprey
makingitfurthersuitableforpredationAcharacterization
ofthenatureofthesesubstancesandtheirpossiblesynthe
sismayoffergreatpossibilitiesformosquitocontrolin
temporarybreedinghabitatssuchasrainwaterpoolsand
irrigatedpasturesThedirectinoculationoflivingplanaria
culturesmaybemoresuitableforlongrangecontrolin
morepermanentwatersuchasriceandduckclubponds
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TRAININGANDCERTIFICATION

ThomasDMulhern

CaliforniaDepartmentofHealth
VectorControlSection5545EastShieldsAvenueFresnoCalifornia93727

Californiaisperhapsmorefortunatethansomeother
stateswithrespecttomosquitocontrolinthatithasmore
adequateresourcestomeettheneedsgeneratedbyanur
gentproblemofpotentialencephalitandmalariatrans
missioncompoundedbyanuisancemosquitoproblemof
giganticproportionsInthebackgroundthereisanextra
ordinarilyserviceablemosquitoabatementdistrictactwhich
hasbeenmadeapartoftheHealthandSafetyCodepro
vidingfortheformationandoperationoflocalmosquito
abatementdistrictswherebylocalcommunitiescanestablish
anauthoritativeorganizationwithtaxingpowertodevelop
anoperationalprogramsupportedlocallyandunderthe
controlofaresponsibleboardofcitizensselectedfrom
withintheareaofthedistrictThislawgrantstothedistrict
boardoftrusteessufficientpowerincludingthatofentry
uponprivatepropertytoperformamosquitocontroloper
ationinaworkmanlikeway

TheroleofStateagenciesincludingtheroleoftheState
DepartmentofHealthisclearlyindicatedasoneofprovid
inginformationevaluationofproblemssurveillancecoor
dinationandinemergenciesoperationalassistancetothe
extentnecessarytoprotectthepublichealth

TheroleoftheUniversityofCaliforniaislessspecifically
definedbutwithinthebroadgeneralplanofStatefunding
providedbythelegislatureitisclearlyindicatedthatthe
Universityisintendedtobeiheprimaryresourceforfunda
mentalresearchrelatingtoproblemsofthissorthaving
broadimplicationsuponthebetterlifeinCalifornia

SincetheStateresourcesmustbespreadratherthinly
overtheextensiveareaswittinorganizedmosquitocontrol
thepolicywasestablishedlongagoofattemptingtoen
couragelocalmosquitocontrolagenciestobeasnearlyself
sufficientaspossiblewithStateservicesprovidedmoreon
qualitativethanonaquantitativebasisAccordinglylocal
agencieshavefromthestartbeenencouragedtoprovide
trainingfortheirownpeopleinroutinedailyoperational
tasksleavingtheprincipalstandardsettingandtrainingin
newprocedurestotheStateagenciesInpracticethishas
oftenresultedintheUniversityperformingnewresearch
theStateHealthDepartmentprovidinginterpretation

Priorto1972insomeareasofCaliforniaresistanceto
chemicalinsecticidesbymosquitoeshaddevelopedtosuch
ahighlevelthatpracticallynosyntheticchemicalthat
wasavailablecouldbeusedsuccessfullyatlegaldosage
ratesTheCMCAandthememberagenciesrecognizedthe
urgencyoftheproblemandproposedthatatrainingpro
grambedevelopedbytheStateHealthDepartmenttoelu
cidateotherapproachestomosquitocontrolwhichcould
befollowedeffectivelyandsafelyasasubstituteforchemi
calcontrolNotlongthereaftertheCongressoftheUnited
StatespassedthelegislationwhichrequiredtheEPAtode
mandthatallusersofhazardouspesticidesbecertifiedby
aresponsiblestategovernmentagencyascompetenttoper
formtheoperationsrequiredofthemThelegislationalso
requiredthattheEPAsetstandardsandadoptregulations
underwhichtheobjectivesofthelawscouldbeaccom
plished
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Allofthisoccurredatatimewhenmosquitocontrol
agenciesinCaliforniawereatacrossroadswheretheem
phasisofmosquitocontrolmustbechangedfromnearly
entiredependenceuponchemicalstoabetterbalancedpro
gramemphasizingbiologicalcontrolandphysicalcontrol
withchemicalcontrolservingasasupplement

TheCMCAhadestablishedaTrainingandCertification
CommitteeanduponitssubsequentrequesttheVector
ControlSectionoftheStateHealthDepartmentreactedby
settingupacooperativeplanforconductingthetraining
thatwouldbenecessarytoprepareworkersformeaningful
certificationOneelementlackingwasamanualwhichcould
besuppliedtothefieldworkerstokeepandwhichwould
providethestudyinformationtheywouldneedinconnec
tionwiththeirexpandingdutiesandresponsibilitiesand
fromwhichthequestionsforcertificationcouldbedrawn

AccordinglythestaffmembersoftheVectorControl
Sectionwereinvitedtocontributesubjectmatterandthe
primarytechnicalspecialistsinvectorcontrolwereassigned
thetaskofpreparingafirstroughdraftofamanual

Thiswashurriedlyaccomplishedasacrashprogramand
circulatedinroughformtoadministrativeandtechnical
personnelofallmosquitocontrolagenciesforinputofcom
mentscriticismandadditionalsubjectmatterTheTrain
ingandCertificationCommitteeofCMCAhaddirectedthat
thenewmanualnotduplicatethesimplisticinstructionsal
readyavailableinanumberofotherpublicationssuchas
howtoproperlysprayapoolorhowtooperateafog
machineorahydraulicsprayerThesewereskillsalready
masteredbymostofthementobetrainedsincemanyof
themhavebeenemployedforfiveto25yearseachand
sprayinghasbeenadailyoccupationformanyofthemIn
steadtheCommitteeurgedthatthenewmanualbemore
technicalthantheinstructionsnormallygivenfieldopera
torsatentrancelevelsgivingatleastequalweighttobiolo
gicalandphysicalcontrolandtothesafeandeffectiveuse
ofpesticidesinamannerthatwouldnotbehazardousto
theoperatorsortothepublicortotheenvironmentin
whichoperationsarenormallyperformedInmostspray
programstheproportioningofspraymaterialsanddiluents
andtheselectionofchemicalsisusuallylefttothetechnical
specialistswhopreparetableswhichtheoperatorsfollowin
loadingspraytanksHoweveritwasdeemeddesirablethat
generalinformationonthemixingofchemicalsbeincluded
sinceitwasalwayspossiblethatanoperatorwouldbecalled
upontoloadatankwhenthetableswerenotavailable

Mostoftheoperatorswhousepesticideshadalready
beeninstructedinthesymptomsofpesticidepoisoningand
theemergencymeasureswhichshouldbetakenincasesof
suspectedpoisoningandthoseusinghazardouschemicals
werealreadyunderthesupervisionofphysiciansskilledin
therecognitionandtreatmentofpesticidepoisoningNever
thelessitwasdecidedthatthemanualshouldcontainat
leastelementaryinformationofthissortandthatoperators
shouldbeexaminedtobesurethattheyareawareofthe
hazardsandhowthematerialscanbeusedsafely



ThemanualwasinpreparationbeforetheEPAhad
adoptedstandardsandregulationsbuttheCommitteefelt
confidentthatitcouldreasonablyanticipatewhatwouldbe
inthemandthattheywouldbesubstantiallyinaccordwith
theproceduresalreadyinforceinmosquitoabatementpro
gramsItshouldbenotedthatmosquitocontrolagencies
normallyapplyonlyafractionoftheamountofinsecticide
perunitareathatmaybeusedinagricultureforexample
thelimitonparathionisonly01lbacreandsomeagri
culturalusesare80to100timesasgreatItshouldalsobe
notedthatasearlyas1956CMCAwithassistancefrom
VectorControlhasdevelopedandpublishedAGUIDE
FORRECOMMENDATIONSFORTHEUSEOFINSECTI
CIDESINCALIFORNIAMOSQUITOCONTROLwhich
containedmajorsectionsonsafeusageofmoderately
toxicandofhighlytoxicchemicalsAlthoughnowout
datedbychangesinavailablepesticidesandchangesinlaws
andregulationsthisimportantpublicationillustratesthe
principlesofsafeandjustifiableuseoftoxicpesticidesand
pointsupthepioneereffortsofmosquitocontrolagencies
inCaliforniatosafeguardtheiroperationsbyprocedures
designedtoavoiddamagetomanandnontargetanimals
longbeforeEPAhadbeenfounded

Howeverthemanualwasrevisedwithpartialsupportby
EPAtointroduceadditionalmaterialandtobringitinto
conformancewithFederalandStatelawsandregulations
andwillsoonbereprintedbytheCMCApressforusefor
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candidateswhomaybecalledforexaminationinthefuture
Thechangeswhichhavebeenmadearemainlytechnical
ratherthanfundamentalsothepreviouslytrainedoperators
shouldeasilyaccommodatetothenewspecifications

Basedupontheinformationcontainedinthemanual
severaltestshavebeendevelopedandgivenonthreedates
asindicatedinthefollowingtableforatotalof838candi
datestakingthetestofwhom717arenowentitledto
proudlydisplaythecertificateproclaimingthemtobe
CERTIFIEDTECHNICIANSMOSQUITOCONTROL

CaliforniaDepartmentofHealth
VectorControlSection

CertifiedTechnicianMosquitoControl
CertificationTestResults

Candidates CandidatesRepeating

TestDate TotalPassFailFailTotalPassFailFail

4574 60355548 8

101874 107 71 3634 25 12 1352

52375 128 91 3729 7 3 457

838717121 14 32 15 1755

EditorsNote TherevisedTrainingManualforCaliforniaMosquitoControlAgenciescanbepurchasedfromthe

CaliforniaMosquitoControlAssociationInc
1737WestHoustonAvenue

VisaliaCalifornia93277



HOWWESAVEDTHEABOMINABLESNOWMANFROMMALARIA

BryanTWhitworth

TulareMosquitoAbatementDistrict
PostOfficeBox1476TulareCalifornia93274

EveryoneknowsabouttheHimalayaMountainsand
mostpeoplehaveheardoftheAbominableSnowmanbut
fewknowthenameorlocationofNepal thelittleking
domcontainingthesetwomarvelsIdneverevenheardof
theplaceuntiltheUSPublicHealthServicesaidthatthey
mightwanttosendmetheretohelperadicatemalaria

MywifeandIwantedtobesenttoSouthAmericabe
causeshewasofLatinextractionandwebothcouldspeak
SpanishWecouldhavefittedrightin andItoldmyde
partmentheadsoThismusthaveimpressedhim be

causehesaidIdbetterlearntospeakNepalese
UnlikeSpanishNepaliisasanscriticlanguagespokenby

about5millionpeopleOurStateDepartmenthadone
bookonHowToSpeakNepali butthetapeofhowthe
languagesoundedwasntavailable itwasbeingusedin
London

LearningofmyeffortstogetthetapesomeoneinWash
ingtonsaidifyouaresointerestedinlearningaforeign
languagewhydontyouandyourwifestudySpanish
wehavesomedandyselfteachingtapesandbooksforit
OnlyslightlyfrustratedweenrolledinacourseonHow
ToSpeakSpanishwhileawaitingourtravelordersfor
Nepaltogothroughdiplomaticchannels

Whilewaitingwebrusheduponourgeographyand
foundthatifyougosouthofAlabama200milesanddrill
aholestraightthroughtheearthyouwillcomeoutonthe
othersideinNepal wherethepeopleareHinduor
BuddhistandspeakNepaliKewariThibetanLimbuRai
TamangGurungThakaliBengaliMithiliHindiBhojpuri
Urduetc butnoSpanish

FinallyallwasinreadinessweeachhadourOfficial
StateDepartmentpassportinourhandstwentyorso
immunizationshotsunderourskinsnewtoothbrushes
andcleanunderwearOurBoeing707thundereditsway
westward chasingthesunwhichhungintheskyfor20
hoursbeforewefinallysawitsetinTokyo wherethe

Japaneseimigrationofficialstolduswecouldntgetoffthe
planebecausewehadnovisas

BeingfluentinSpanishIsoongotthemsquaredaway
andwewereenroutetoourhotelBythewayhaveany
ofyoueverriddeninaToyotataxicabWithyourwifeand
fourchildrenAndsixsuitcasesDuringtherushhour
OnthewrongsideoftheroadwithaJapanesecabdriver
whocantspeakawordofSpanish

ItwasevenworseinCalcuttaIndiatwodayslaterThe
Indianofficialstookusintoseparateroomstoquestion us

beforetheyconfiscatedourpassportsbecausetheydidnt
wantustogoroamingaroundIndiawithoutthe proper

visasTheydidntspeakSpanisheitherbuttheyfinally
agreedthatifwewouldpromisetodepartIndiain24hours
theywouldreturnourpassportsandletusboard aRoyal
NepalAirLinesC47forKathmanduNepalWepromised
andwereenroutetoourCalcuttahotelItwasquitegood

wewerehousedandfedinamannerreminiscentofthe
goodolddaysofBritishErnpiahanditwaswithaplea
santfeelingofwellbeingthatwereturnedtotheairport
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thenextdayforthelastlegofourjourneytothekingdom
intheclouds Nepal

Ofcoursetherewasonesmallhitchattheairport
theIndianofficialscouldntfindourpassportsIdiplomat
icallyexplainedtothemthatmyGovernmentwouldbe
veryupsetifthosepassportswerelostorstolenLetmesee
ifIcanrecallmyexactwords MMMMyesIcanThe
passportsweresoonfoundandweboardedtheRoyal
NepalAirLinesshipNextstopKathmandu

Pictureifyouwillmountainssohighandbreath
takinglybeautifulthatyousweartheyrenotrealImagine
arangeofmountainswhosesnowcoveredpeaksloomso
highabovethecloudsandblockoutsomuchoftheclear
blueskythat29000footMtEverest only100miles
away seemslostandinsignificantFeeltheairplanelurch
andtwistasyouthreadyourwaythroughtheintervening
MahabaratRangeonly14000feethighandlook
straightoutthroughthewindowatthemountainsides
whichborderthemountainpassthroughwhichyouare
flying

Thenjustasyouarebeginningtotakeaverypersonal
interestinthephysicalandmentalconditionofyourpilot
theplanesenginesslowtoaquieterpitch andyousee
thousandsofthatchedpagodalikeroofsbelowyouYou
landseeminglywithoutdescendinginKathmanduOhyes
theimmigrationmenarethere butthistimeyouhavean
easiertimeofitbecausethereisacustominourForeign
Servicethatallnewcomersaremetattheairplanedoorby
someonefromthemissionwhosteersthemthroughor
aroundtheredtapeandintotheirnewwayoflife

Untilabout200yearsagotheFloridasizedareawhich
wecallNepalwasmadeupofhundredsofverytinyking
domsThentherearoseaconquerernamedPrithviShah
HecamefromtheGorkaDistrictfromwhichwegetthe
termGurkaSoldierforalltheNepalesemercenarysold
ierswhoservedwiththeEnglishHewassortofahillbilly
insilkpants buthewasastrongkingandheextendedhis
domainuntilheruledoveranarealargerthanCalifornia

Oneofhisdescendantsthroughpalaceintriguewas
virtuallydeposedandwasforcedtodesignateamemberof
theRanaFamilyashereditaryprimeministerThekingwas
relegatedtofigureheadstatusandwasliterallykeptprison
erintheCapitolThisstateofaffairscontinuedforahun
dredyearswhiletheRanashadabsolutemasteryoverNepal

includingthetreasury
TheRanasclosedthekingdomtoalloutsidersandused

agreatportionofitswealthfortheirownenrichmentThey
livedlikethemaharajastheywere andtheybuiltscores
ofpalacesanddweltinregalsplendoruntil1950when
KingTrubuwangrandfatherofthepresentkingescaped
fromhiscaptorsandmadehiswaytoIndia wherehe

calleduponhissubjectstoariseandthrowofftheirRana
masters

TherevolutionwassuccessfulandtheRanaswerede
posedfromtheirpositionsofpowerNothavingthe
kingdomstreasuryattheircommandtheycouldnt



affordtokeeptheirpalaces andtherebyhangsa
tale haveanyofyoueverlivedinapalaceWedid
ThatwaswhattheUSAgencyforInternational
DevelopmentUSAIDhadrentedforusItwasrather
nicereally ohitwasalittleBIGthebedrooms

were40by50thetiledfloorsechoedeerilyit was

hardtoheattheceilingswere16feethighandour
hallwaywas160feetlongand Illbetyouthatmywife
andIaretheonlypeopleinthisroomwhocustomarily
rodebicyclesthroughthehallonthewaytoandfromthe
toiletHellwehadtoImagineyourselfwithamoebic
dysentery andbacillarydysentery andviraldysen
tery andthejohn150feetawaydownalonghall
andyouwithtwopricelessgifts theabilitytoridea
bicycle andspeakSpanish

ThatpalacecalledSatyaBhawan orTruePalace

musthavebeenreallysomethingtoseeintheolddaysof
RanaRule buttheownerofitaRanaGeneralfellon
hardtimesandhadtorentitouttoUSAID whosplitit
upintosixtenementsfortheuseofAmericanfamilies

OnedayGeneralSatyacalledupontheEmbassyandsaid
thathisdaughterwastobewedtoayoungmanofroyal
bloodTheweddingwastobeatSatyaBhawantherecep
tiontobeheldinthe4to5acrecourtyardtheKingand
Queenweretobepresentandallthetenantsofthepalace
wereinvitedIwasgladtogoIhadntseenmanyreal
orbeeninvitedtoverymanyroyalweddings ofHindu

couplesthatis
Whenthebigdayarrivedthebrideandgroomborneon

sedanchairsandresplendentinclothesofcolorstorivala
rainbowcametoSatyaBhawahTheirapproachwasher
aldedbytraditionalweddingmusicianswhobelongtothe
casteoftoenailclippersandwhoinmyopinionshould
sticktothepedicurebusinessSubsequentlyIsawlotsof
Hinduweddingsbutthattuneneverchanged itwassort

ofaItsTheLovliestNightofTheYearplayedbyreally
independenttypemusicianswhodontreallygiveadamn
whattheotherfellowsinthebandaredoingTheHindu
weddingmarchgoessortoftweedeeledeedecwitha
cymbalanddrumaccompaniment

Theirmajestiesarrivedinavictoriancoachandsixthe
ceremoniesgotunderwayandsoonafterwardthewedding
banquetbeganTherewasnobeefofcourse thatwould

havebeensacrilegetoHindus butthefoodwastruly
royalinqualityaswellasquantity andweatefrom

beautifulchinaware

Astheplateswereemptiedtheywereplacedonthe
floorFromtimetotimeservantswouldpickthemup
takethemawaytobewashedandreturnthemtothetable
DuringthecourseofthemealIleftthetablebrieflyThis
souredmyenjoymentofthepartyalittlebecauseIsaw
thattheservantsweretakingthedirtydishestothesewer
lagoonwheresquatingontheirhaunchesthedishwashers
wereindustriouslywashingthechinabetweencourses
WorseyettheywerenotusingtheNewIvoryLiquidIfelt
theoldurgetoridemybicycle butnowIunderstood

whytheurgescamesofrequentlyoflate
MeanwhilebackatSatyaBhawanlifeinapalacehad

lostmostofitscharmsformywifeThatiswhyduring
oneofmytripstothejungleonthebusinessofmalaria
controlshepulledastringorthreeandgotusarealhouse
toliveinAndshepulledstillothershenani Imeanstrings

andgotthecompletestaffofservantswhohadbeen
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workingfortheDirectorofUSAIDwhowasreturningto
WashingtonatthecloseofhistourHisservantshadthe
reputationofbeingthebestinthekingdomandthe
sweeperbearerwhatwewouldcallabutlerwasespecially
goodHisnamewasKashiandheseemedtobeabletoread
mymind andanticipatemostofmywishesTheonetime
hegoofedwasthisIhadbeenaccustomedtomixingmy
ownhighballs andIlikeJackDanielsandwaterNow
theNepaleseheardmecallJackDanielsTennessee
WhiskeysoKashitoldmeIfixSahibsdrinkHowyou
doit

Isaidwellyouputintwofingersofwhiskeyandthen
filltheglassupwithwater

Iwasbusytalkinganddidnotpayattentiontothedrink
hebrought Itookonebiglongdrinkfromtheglassand
blurtedoutMyGodKashiHowstrongisthis

KashisaidjustwhatSahibsay twofingersofTennes
seeWhiskey thenasheheldhisfingerslongitudinally
uptotheglassIknewIhadalanguageproblemonmy
handsagain

Anotherillustrationofthelanguageproblemhappened
whenmybosswifeJennySteffendecidedtoentertain
somevisitingdignitarieswithacandlelightandsilverdo
thewholebittypedinnershehadgonetogreatlengths
tohaveeverythingjustsoShehadevenprocuredaspecial
verydeliciousfishcalledBekti fromIndiatouseasher

maindish

Becausethesmellofthebakingfishhadpermeatedthe
wholehouseJennytoldhercookdontforgettheAir
wickWhenthecookproudlyservedthefishfloatingina
strangegreensauceJennyknewtwothings1 thather

cookhadnotforgottentheAirwickand2shemightjust
aswellhavespokenSpanish

Strangewierdthingsusedtohappentomeoverthere
whenIwouldgoawayfromthecomfortsofthecapitolto
seekthehauntsofAnophelesfluviatilisandAminimus
whenIleftCaliforniatojointheFedsin1966some
friendsgavemeanewSampsonitesuitcaseTheysaidI
mightbetravelingandwouldneedsomegoodluggage
TheywererightaboutthetravelingbecauseIliterallywore
thatsuitcaseoutinfouryearsofFederalserviceHowever
whenthesuitcasewasstillalmostnewIpackeditandtook
italongonajourneybyhelicoptertoanareaabout18
milesfromthesmallprincipalityofSikkimWelanded
quitenearalittlevillagesituatedatanelevationof7000
feet

NowremembertherewerealmostnoroadsinNepal
therewereonlyverynarrowmountainpathsMostNepalese
hadneverseenanykindofawheeledvehicleTheydidnot
knowthewheelbecausetherewasnoneedforsuchade

viceandstrangeasitmayseemthefirstwheeleverseenby
themajorityofNepalesewasonahelicopter thatshow

quicklythefuturecomestosomeisolatedpeoples any

waytherewewerenearthatlittlevillagebeingstaredat
openmouthedbyhundredsofpeopleTheypressedaround
usinsilentwondermentasourmarvelouschariotwhop
whopwhoppeditswaydownthemountainpass

FeelingsomewhatembarrassedbysomuchattentionI
turnedtomyNepalesecolleagueShambuLalShresthaand
saidShambuJiIthinkthesepeopleexpectsomething
moreofus whydontwedanceorsomething Shambu
evenmoreembarrassedbecausehewasacityboyfromthe
CapitolsaidonlyowVwhit



AfterafewmoreminutesofstaresIsaidShambuJi
Ivegotanidea whydontyoutellthemyouarethe
King

AwVwhit
WellthentellthemImtheKing Hellmanthese

peopleexpectsomething
AwVwhit

Aboutthattimealongthepaththerecamethecom
pletestaffoftheFieldUnitoftheMalariaOfficeThey
toldmetheyhadmovedtoanotherlocalewheretherewas
moremalariaThismeantthatwehadatwodaytrekin
frontofus plusanothertwodaytrekbacktothevillage
tomeetthehelicopteruponitsreturn

Nextdayallofusandourgangofhiredporterswere
strungoutinalongserpentinepathwindingthroughthe
mountainsCloudsweredriftingalongbelowussometimes
coveringusinadeepfogsometimesvanishingtoleaveus
inblindingsunlightthereinthefoothillsoftheHimalaya
MountainsMySampsonitesuitcaseseemedoutofplace
atopthebackpackofaSherpaporterbutthethingthat
wasmostinconguouswasthemusicthatcamefromthe
packofanotherportersomewhereupthelineThatbare
footmountainmanhadapowerfulshortwavetransister
radiotunedintoGodknowswhereIcouldntunderstand
thelanguagetheannouncerspokebutthesonginEnglish
thatcamedriftingouttousoverthemountainsinthatfar
awaycloudhungplacewasrightoutofaGradeBmovieof
thethirtiesaceilingfanslowlyturnsinasteamytropical
barroomwhileaRenegadeWhiteMandressedinarumpled
whitelinensuitdanceswitholdWhatshernametothe
scratchinghissofa78rpmrecordplayingISawYouLast
NightandGotThatO000ldFeeling

Theincongruityofseeingthatairplanetypeguaranteed
noncrushablestreamlinedtwosuiterSampsonitesuitcase
forthebusyexecutivestrappedtothebackofthatHima
layanporterandhearingthatkookysongsoloudandclear
madeitallseemsounrealthatIhadtolaughThenIwas
broughtbacktorealitybymyownoldfeelingandhad
toexcusemyselfandleavehetrailThatoldfeeling
whichsomecalledKathmanduComplaint otherscalled
DelhiBelly andsomecalledtheRaptiRavages kept
returningtome20or30timeseachdayuntilfinally18
monthslaterIcuredmyselfwithmassivedosesoftetra
cyclene

Anotheritemwhichwaspassingstrange happened
justaftertheendofthemonsoonrainsin1967myChief
AlanSteffentoldmehewantedmetodoaoneweek
evaluationofthemalariasituationinKatunjeSohesaid
tomeKatunjeissomewhereoutinarea7 about100

airmileswestofKathmanduThinkyoucanfindit
OhsureChiefnosweatIllfinditslocationandsee

whenthehelicoptercanfitmeintotheschedule
Onthehelicoptercompanys12foottopographicalmap

IhadnotroublefindingKatunjeItlay90mileswestby
northwestandthehelicopterpilotsaidhecouldtakeme
thereonTuesdaymorningardreturnformein8days

OnTuesdaymorningmyinterpreterandIloadedour
beddingfoodwaterandamedicalkitaboardthehelicop
terIalsohadacoupleofbottlesofJackDanielsincase
ofcobrabiteWeliftedoffandheadedoutoverthemoun
tainstowardKatunjeThenwhenthepilotthoughtwehad
goneaboutfarenoughhetoucheddownnearsomevillag
ersandmyinterpreteraskedthemisthisKatunje
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Noitsfurtherontowardthewest
Fivemilesmore IsthisKatunje
Noitsoverthatwaytothesouthwest
Threemileslater IsthisKatunje
Noitsacrossthatvalleytothesouth
Flyingacrossthevalleywesawanewfreshlywhite

washedbuildingandlandedjustuphillfromitWhenthe
villagerscamerunningtoseethehelicoptermyinterpreter
askedIsthisKatunje

Yes

WhereistheMalariaOfficeIsitinthatnewwhite
building

YesWefinallyfoundit
AfterunloadingallourgearonthegroundIclappedthe

pilotonthebackandsaidthinkyoucanfindthisplace
nextweek

NosweatboyIvegotitmarkedonthechartnow
Illgetbacktoyou

Nowdontforgetme OK

DontworryIllbehere seeyounextweekAsthe

helicopterliftedawaywewalkeddowntothenewbuilding
ItwasvacantWewereamazedsoweaskedWhereare
allthemalariaworkers

Theyarenotherenow theyonlycomeonceamonth
thisisthePanchayetBuilding Panchayetissortof

agrangecumtownhallinstitution
ThencanyoutelluswheretheMalariaOfficeis
NothereSahib
ThisisKatenjeisntit
OhyesbuttheresnoMalariaOfficehere
Thenwhydidyoutellustherewas
WellyoucameridingonaGarudawhichisamythol

ogicalparrotfacedgodcarryingcreature youcamelike
godsridingyourGarudaandwedidntwanttodisappoint
you

Ohyouhaventdisappointedus
Afterafewmorehorrifiedquestionswelearnedthat

theremightbeaMalariaOfficeintheKatunjeoverthere
ormaybeinthatKatenjeoverthatway orpossiblyinthe
KatunjewhichliesinthatdirectionItappearedthatthere
werethreeKatunjes eachoneathreeorfourdaytrek
away forKatunjeistoNepalwhatSpringvilleor
PumpkinCenteristoAmerica wepickedthewrong
Katunje

RealizingthatwecouldneverwalktotherightKatun
jeevenifwecouldfinditdothenecessaryevaluationand
thenwalkbacktothewrongKatunjeintimetomeetthe
helicopter andknowingthatthepilotprobablycouldnt
findusifweleftinstructionswiththevillagersaboutwhere
wehadgoneweabortedthemissionhiredportersand
preparedtowalkbacktotheCapitolEvenmoretantaliz
ingthebuzzofthehelicopterwasstillechoingfromthe
mountainsidesbuttherewasnowaytocallhimbackI
guessthelonesomestsoundintheworldisahelicopter
leavingyouinKatunje

Thetwoporterswehadhiredagreedtocarryourgear
for5rupeespermaneachdaysowebeganhikingtoward
thesoutheastinordertointersecttheRajPath which

wastherecentlyconstructedunbelievablytwistymoun
tainroadwhichhadbeenbuilttoconnectIndiaandNepal
Wehopedtocatcharideatleastpartofthewaybackto
Kathmandu



Threedayslaterbywalking16hoursperdaywesaw
thesnakelikecurvesoftheRajPathinthedistanceWork
ingourwaytowardittheinterpreterandIhadinchedour
wayacrossanextremelynarrowfootpathwhichhadbeen
cutintothesidesofarockycliffWeweretakingabreath
erwhenweheardaseriesoflongdrawnoutscreamsOne
ofourportershadbrushedagainstthewallofthecliffand
hadbeenhurledintospace

Hisscreamsandthoseofhispartnerbroughtusrunning
backtotheedgeofthecliffjustintimetoseehimrolltoa
stopatthefootofthetaluswhichhadaccumulatedatthe
bottomofthatthreeorfourhundredfootcliffMiraculous

lyhewasnotkilledbecausetheslightoutwardcastofthe
cliff togetherwiththelooseslidingtalushadslowed
hisdownwardmomentumenoughforhimtoescapeserious
injuryOddlyenougheventheremainingbottleofJack
Danielswasunbroken

Theporterwashorriblyskinnedupthoughandto
forestallinfectionwepourediodineonhiswounds
whichmustsurelyhavehurthimterriblyAfterweallhad
aliberaltherapeuticdoseofTennesseeWhiskey Ioffer

edtopayhimoffanddoublehispayinpartialcompensa
tionforhisinjuriessothathecouldreturntohisvillage
buthetoldtheinterpretertelltheSahibthatIhavenever
inmylifeseenaroadoratruckIwanttofinishthejour
neyHefinishedhisjourneywitharedhide butwalking
proudly

ThreedaysafterleavingKathmanduinahelicopterI
returnedinthefirstvehicleeverseenbythatporter a

MercedestruckwhichwasdrivenbyabeardedIndiantruck
driverdressedinpajamasMyreporttoAlanSteffenmust
havestrucktheStateDepartmentsfunnybonebecause
theysentitbacktoWashington whereitwaspickedup
byanewspaperwhichusedtheheadingTheNamesThe
Thing

Tounderstandtheenormityofwhatwehadgone
throughoneshouldrealizethatalthoughNepalisonly
FloridasizehorizontallyshecouldbeTexassizeifallher
mountainswereflattenedoutThosemountainsareso

steepthatoftenvillagesonlytenhorizontalmilesapartare
strangerstoeachotherStrangerswithdifferentcultures
andlanguagesInsomeplacesitmaytaketwentydaysto
hikeahundredlinearmilesAndbecausethemountain
chainsrunnorthandsouthpeoplewhomusttravelinan
eastwestdirectionoftenfinditmoreconvenienttofirstgo
southtotheplainsofIndiamakethelongitudinaltraverse
andthenreenterNepaltoreachtheirdestinationThose
mountainsarenotonlybreathtakinglybeautifultosee
theyarealsobreathtakinglybreathtakingtowalk

Thentherewasthetimethatghostsandleopardsput
thefritzonourexperimenthutsinButual butthats

anotherstory
Althoughthistalkhasbeengiveninalightveinthe

malariawhichoncebesetthepeopleofNepalwasnolaugh
ingmatterpriorto1958inthattinyAsiankingdomthere
were40thousandpeoplewhodiedeachyearfrommalaria

andanadditional40thousandwhodiedfromcauses
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attributabletomalariaThose80thousanddeathsmean

thatoneoutofevery112peoplediedeachyearbecauseof
malariaItwassobadthatthenativeworkerswhohadto

crossthebandofjungleseparatingIndiafromNepalused
topraytothegodsifyouletmelive anddontkillme

withmalariawhilepassingthroughthisjunglebelt Iwill

leaveanarticleofmyclothinghangingonthebushesto
showmyappreciationTheNepalesealsohadasaying
aboutthelittlecrossroadsofHetauraintheRaptiValley
ifyoubuyonerupeesworthofricethereyouwillnot
livelongenoughtoeatit

Theworkperformedbyallthemalariaworkers indig
enousthirdcountryorAmericanwasarduousandlong

butithadresultsallthosearticlesofclothingleftinthe
junglehavelongagorottedawayandarenotbeingre
placedHetauraisnolongeranisolatedcrossroadsbutisa
thrivingtownofperhapstenthousandpeoplewhodont
fearmalariaastheyeattheirrice AndthelastIheard
therewere12millionpeopleinNepal only30ofwhom
hadmalariain1972Noneofthemdiedfromthatkillerof

menManyofthehillpeoplehavetakenuphomesteadsin
theformerlymalariouslowlandsandhaveabandonedtheir
farmsontheunprofitablemountains

SomesaytheYetilivesinthehigherelevationsofthose
mountains preyingonfarmersyakherdersandtheocca
sionalmountainclimberYeti translatedintoEnglish
becomesAbominableSnowman AbominableSnow

mantranslatedbymywifebecomesObnoxiousSnow
man butshemaybereferringtothoseobjectsbuiltby
herIrishplaymatesduringhergirlhoodinBoston

Itispossiblethatgrowingbolderorseekingadditional
preytheAbominableSnowmanmaysomedayventure
downfromtheHighHimalayas downevenbelowthe

old7200footelevationwhichoncemarkedthemalaria
transmissionzoneinNepalIfheevercomesdownhecan
besureheissafefrommalaria eveninthelowlandsofthe

kingdom
WhenmytourofdutyendedweboardedaPIAairplane

forDaccaThencontinuingourwesterlyflightatlastwe
sawthelightsofHomeWhenwelandedatDullesInter
nationalAirportwehadcircledtheglobe withatwoand

onehalfyearstopoverinNepalandintermediatepoints
AttheairportaUSImmigrationOfficialexaminingour
passportsbearingthestampsandsealsofembassiesfrom
farawayplaceswithstrangesoundingnamessaidSir
youvereallydonesometravelingandyouvebeenawayone
heckofalongtimeWelcomeback WellWelcome
home

MywifeturnedtomeandquotingfromOmarKhayam
saidAndLo thePhantomCaravanhasreachedthe

Nothingitsetoutfrom Ohmakehaste

SmilingattheimmigrationmanandquotingConstance
WhitworthIsaidYeahbutwedidsavetheObnoxious
Snowmanfrommalaria

TheStateDepartmentmarkedourpassportsVoid



THEROLEOFPHOTOGRAPHYINTRAININGPROGRAMSFOR

MOSQUITOCONTROLOPERATORS

ElmerJKingsfordandCarltonPearson

Demonstrationandvisualaidmaterialsareexcellent

toolsineducationalprograrnswhetheratthepreschool
collegeorinservicelevel

Programplannersusetwomethodstoincorporatedem
onstrationandvisualaidIDVAmaterialsintotheirpro
gramsThefirstistoplantheprogramaroundreadilyavail
ableDVAmaterialsThesecondistoplantheprogramand
thenprepareDVAmaterialstofittheprogramFrequently
thesemethodsarecombinedtogaintheadvantagesofeach
withgreaterflexibilityinprogramplanning

Circumstancesfrequentlymakeitimpracticaltobring
liveorpreservedDVAmaterialstothetrainingsiteorto
movethetrainingsitetotheDVAmaterialsBulkymater
ialsrareorunusualmaterialshardtocopywrittenmater
ialsandevendangerousorunsafematerialscanbebrought
tothetrainingsitethroughthemediumofphotography
Withmodernphotographicequipmentandalittleskillal
mostanyonecantakeacceptablephotographsWheretech
nicalmaterialandneedsrequiregreaterskillandknowledge
theservicesofaprofessionalorfreelancephotographercan
beobtained

MosquitooperatortrainingfrequentlyhasneedofDVA
materialsPhotographycanfillmuchofthisneedasthere
areareaswhereapictureisindeedworthathousandwords

ManyDistrictshaveexperiencedtheneedfortheiroper
atorstobeabletorecognizevariousspeciesofmosquitoes
inthefieldKeyswithpertandinkillustrationsarethe
normHoweverthroughtheuseofMicroandMacrophoto
graphydetailedphotographsslidescanbeobtainedshow
ingtheMorphologyandlocationofstructuresusediniden
tificationTheoperatorcanthencomparethemwithliveor
preservedspecimensThistypeofclassroompracticecanbe
usedfororientingnewoperatorsandrefreshingtheskills
ofveteranemployees

1ButteCountyMosquitoAbatementDistrictRoute2Box
2040OrobilleCalifornia95965

2FreelancephotographerSeasonalEmployeeofButteCounty
MosquitoAbatementDistrictRoute2Box2040OrovilleCali
fornia95965
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Throughphotographyexamplesofthehabitattypes
whichvariousmosquitoesprefercanbebroughttothe
trainingsiteclassroomThisallowsthesimilaritiesand
differencesofthehabitatstobecomparedanddiscussed
byandwiththeoperators

Governmentregulationsbeingwhattheyarethesedays
theuseofslidesandormoviesasDVAsisdecidedlybene
ficialinmeetingtheneedsforemployeesafetytrainingre
quirementsTheyarealsogoodforbringingdemonstrations
ofsprayapplicationsandothertechniquesintotheclass
room

Overthepast25or30yearsworkersinthefieldofmos
quitocontrolhavedevelopedintheoperatoraswellas
themselvesafirmandpositiveattitudetowardchemical
useThisisasitshouldbeTherehasatthesametime
beenlittleefforttoestablishasfirmandpositiveanattitude
towardtheuseofsourcereductionandmosquitopreven
tionthefoundationsofgoodmosquitocontrol

Manyoperatorsthereforeeitherdontorcantmake
reliablefielddecisionsinsourcereductionandmosquito
preventionHandicappedwiththisdeficiencyandforced
bylegislatedlossandorrestrictionofmanychemicalsthe
operatorsarefacedwiththeneedtoupgradetheirskills
Thereisaneedforeveryonetobetterunderstandthe
operatorsroleintheseareas

TheuseofphotographicDVAmaterialsishighlybene
ficialindevelopingoperatorskillsinapplyingsourcereduc
tionandmosquitopreventiontechniquesItisespecially
beneficialinbuildingtheoperatorsappreciationofhisown
roleinsourcereductionandmosquitopreventionthrough
beforeandafterpicturesdocumentingprogressinthese
areas

Intrainingprogramsformosquitocontroloperators
photographyisaneffectiveDVAtoolinprovidingthecon
stantrefreshingandupdatingneededtomaintainadynam
icandinovativemosquitocontrolprogram



TheeffectsofstockingratesofGambusiaaffinisfor
mosquitocontrolinricefieldshavebeenstudiedbyvarious
authorsHoyandReed1970Hoyetal1970Hoyetal
1972Studiesofthefishpopulationincreaseinricefields
havebeenlimitedReedandBryant1974

Theobjectofthisstudywastoarriveatapopulationin
creasecurvewhichcouldbeusedtomonitorfishpopula
tionsduringthemosquitocontrolseason

METHODSANDMATERIALSFishwereobtained
fromalocalminnowfarmandstockeddirectlyintorice
fieldsatarateof18lbacreinamannerpreviouslyde
scribedReedandBryant1974Thirtyfourricefieldswere
studiedFieldswerestocked11to18daysafterriceseed
ingStockingwasaccomplishedintwoweekswith18fields
readybyMay7and16ricefields10to14dayslaterThree
fieldswereselectedduringeachstockingperiodasexperi
mentalcontrols

Studyfieldsrangedinsizefrom20to127acresandeach
containedatleast12paddiesMinnowtrapswereoperated
for24hourperiodsintheshallowportionsof10paddies
starting4weeksafterstockingMaturegravidfemales
thatwerecaughtwerecountedandrecordedseparately
Malesandimmaturefishwerecountedandrecordedto
getherAllfishwerereturnedtothefieldThetrappingin
tervalwas2weeksperfieldandwasaccomplishedsothat
theageofthefishwouldbecomparableinallstudyfields
overthe2weektrappingperiod

Stockedfieldsweretrapped6timesstartingJune1Ex
perimentalcontrolsweretrapped4times

Inspectionandsamplingformosquitoproductionand
populationwasdonebyzoneoperatorsA10dipmosquito
larvaesampleandpopulationestimatewasmadeforeach
fieldusingtheroutineoperationalmethodemployedby
FresnoWestsideMADReed1970Ricefieldsreaching
mosquitopopulationestimatesof1mosquitolarvaeper
dipwerecandidatesforchemicalcontrolParathionat01
lbacrewasthechemicalofchoice

RESULTSANDDISCUSSIONThedataobtainedfrom
individualricefieldsTable1wereanalyzedbymeansof
thelinearregressionmethodOnlymaturegravidfemales
areincludedinthisanalysisandin14ofthe34ricefields
thedatadonotfitauniformpatternThereweremarked
differencesinthelevelofthemidpointsandtheslopesof
theregressionlinesamongtheremaining20ricefieldsso
noattemptwasmadetocomputeatimecatchrelationship

Therearemanyvariablefactorsinaricefieldstudyof
thisnaturewhichmaycontributetovariabilityofdataand
itwasnotpracticabletoseparatelystudyeachfactorinde
pendentlySomeoftheimportantfactorsareasfollows

1 Soiltypesandslopes
2 Fieldwaterdepthsfluctuationsanddrainage
3 Widthofpaddies
4 Sizeoffields

5 Submergedandemergentvegetation
6 Weedcontrolduringstudyperiod

DavidEReedandTheadoreJBryant

FresnoWestsideMosquitoAbatementDistrict
PostOfficeBox125FirebaughCalifornia93622
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Field

No

1 1 9 61 72 98 264

2 0 10 2 2 18 75

3 0 25 22 26 27 75

4 1 2 28 27 32 105

5 3 29 65 62 142 123

6 3 13 67 87 111 110

7 18 19 40 38 86 133

8 2 31 32 26 111 120

9 1 7 35 28 337 124
10 7 21 46 20 226 180

11 5 20 8 75 96 151

12 8 31 7 32 102 204
13 5 23 018 44 27 53

14 2 5 9 28 203 234

15 4 38 9 119 41 0132

16 2 20 013 99 121 157

17 0 9 6 73 94 40

18 1 31 66 106 202 190

19 0 10 32 104 164 133

20 6 13 46 86 112 81

21 3 20 51 191 100 187

22 0 11 26 64 67 49

23 0 31 30 80 179 239

24 3 23 21 88 101 247

25 3 5 059 234 181 338

26 4 17 52 175 102 302

27 1 28 49 269 181 254

28 1 17 57 132 142 219

29 2 24 60 43 194 374

30 3 15 114 59 280 204

31 7 21 63 192 205 279

32 2 16 99 143 243 347

33 2 33 23 248 166 251

34 4 6 33 101 72 254

FISHPOPULATIONSTUDIESINFRESNOCOUNTYRICEFIELDS

Table1CapturesofGambusiaaffinisin6twoweek
periodsstartingJune11974

2WeekPeriodNumbers

1 2 3 4 5 6

Datanotacceptableatthe5probabilitylevel
Datanotacceptableatthe1probabilitylevel

9Fieldsprayedjustpriortoplacementoftrap
9Fieldsprayedaftertrapcountwasmade

Note1Therearelowcountsunder5pertrapinatleast4per
iods5fieldsandthesearenotacceptableatthe1pro
babilitylevel

Note2 Somecollectionsinthe4thor5thperiodfelloutsidethe

regressionline5fieldsthesearenotacceptableatthe
1probabilitylevel



FIG1 FISH TRAPPING RESULTS

1 2 3 4

TWO WEEK PERIODS

7 Insecticideapplicationduringstudyperiod
8 Differencesinstockingperiods
9 Numberofsamplestrapsinfieldsusuallyinsuffi

cient
10 Lengthofsamplinginterval
11 Experimentalerror

Theuseofparathionappearedtobethemostimportant
factoraffectingfishcatchesduringthisstudyTreatmentof
ricefields48hourspriortotrappinghadthemostsignifi
canteffectontheresultsSeeTableI3rdPeriod

Toexhibitthepatternoffishpopulationgrowthinthis
studyofricefieldsthetrappingdatawereplottedona3
cycleloggraphFigure1onwhichthedotsshowa3
dimensionaleffectateach2weektrappingperiodThe
grosspatternindicatesaparaboliccurveinthetimecatch
relationshipofstockedfieldsThetroupingofdotsabout
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themidpointofeachtrappingperiodindicatesnormal
distributionThedotslocatedawayfromthecentralgroup
indicatevariabilityofthedataTheindicationofthepara
bolaappearstoreflectasmallsectionofthecyclicpreda
torpreypeaksandtroughsInricefieldspeaksinfish
populationsat18lbsstockingratesmayneverbereached
duetofielddrainagelateinthesummerMeasurementsof
fishpopulationswereonlypossibleduringasmallportion
ofthepopulationsincreaseandwellbeforefieldpopulation
stabilitywasreachedFigure1

DatasummarizedinTable1wereevaluatedinrelation
tothepresenceofmosquitoesFigureswererankedinorder
ofthefishcaughtforeachperiodandthepresenceofmos
quitolarvaewasnotedThe12fieldsyieldinghighestfish
countswerecomparedtothe12showingminimumsand
tothe10fieldsshowingmediumfishnumbersMosquito



larvaewerefoundinthetop12fields11times19times
inthebottom12fieldsandinthe10midrangefields15
timesThesedatafurthersubstantiatethevariabilityofrice
fieldsandappeartoindicatethatfishstockingratesof18
lbacrewerenotsufficienttodeterminethecriticalpopula
tionlimitstoattainmosquitolarvaesuppressionandor
control
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LABORATORYCOLONIZATIONANDSEXINGOFNOTONECTAUNIFASCIATA

GUERINREAREDONCULEXPEUSSPEISER

JackEHazelrigg

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenueSouthGateCalifornia90280

INTRODUCTIONSeveralspeciesofbackswimmers
Notonectidaehavebeenstudiedintensivelyasbiological
controlagentsforsuppresingmosquitopopulationsLee
1967EllisandBorden1970GarciaVoigtandDes
Rochers1974SjogrenandLegner1974andHazelrigg
1974NotonectaunifasciataGuerinabackswimmerspecies
reportedtooccurthroughWesternCanadaandthe
UnitedStatesparticularlyinCaliforniaandArizonaand
inNorthernMexicoHungerford1933andScudder1965
appearstobeapotentiallyeffectivepredatorofmosquitoes
Hazelrigg1974GarciaVoigtandDesRochers1974
Likeotherbackswimmerspeciesrearedinthelaboratory
EllisandBorden1969aMcPherson1966TothandChew
1972bNunifasciatacanbecolonizedforstudypurposes
Inadditionimmaturefifthinstarlarvaecanbesexedtoaid
infieldreleaseandlaboratorystudies
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PROCEDURES LaboratoryColonizationofNunifas
ciataandBordenreportedsuccessfullaboratoryrear
ingofNotonectaundulataSayfor23consecutivemonths
1969aTheirtechniquewithmodificationswasdevelop
edforasinglecolonyofNunifasciataAtypicallabora
torycolonyofNunifasciataisshowninFigure1

Atengallonglassaquariumwasfilledtoadepthof
approximatelytwoincheswithautoclavedmediumgrade
aquariumgravelAstandardcorneraquariumfilteraerator
wasplacedintheaquariumTwogallonsofequalpartsof
tapwateranddoubledistilledwaterweremixedandadded
resultinginapHof8152andtotalhardnessof3517
ppmCaCO3noattemptwasmadetoduplicatewatercon
ditionsofthecollectionsitepondsattheOntarioNational
GolfCourseSanBernardinoCountyCaliforniacontaining
effluentfromanadjacentcountysewagetreatmentplant

Figure1OneofthreelaboratorycoloniesofNunifasciataThecylindersoffiberglass screenplacedverticallyinthe
aquariumarerestingandcvipositionsitesprovidedfortheadultbackswimmersThefilteraeratorissurroundedby alarger
fiberglassscreen



Restingandovipositionsitesof14meshfiberglassscreen
wereformedintocylindersmeasuringapproximatelyfour
centimetersindiameterandtencentimetersinlengthand
placedverticallyintheaquariumFigure2Thefilter
aeratorwasalsoenclosedwithinacylinderof14meshfiber
glassscreentoprevententryanddestructionofhatch

ingbackswimmernymphsandaddedfoodlivemosquito
larvaebythefilter

Figure2Arestingandovipositionsitetypicalofthose
placedwithinthelaboratorycoloniesofNunifasciata
Notetheattachmentoftheeggstothesite

Fromthewildorfieldcollectedbackswimmersfifth
instarorpreimagonymphsexaminedandfoundfreeof
watermiteHydrachnidaeparasitizationHungerford
1919andBare1926wereselectedforbeginningthe
laboratorycoloniesThisselectionwasbasedonthefact
thatfifthinstarnymphsmoltingtoadultsyieldindividuals
whichcanbeexploitedfortheirmatingagecompatibility
longevityandmaximumeggproductivityfactorswhich
favorsuccessfulcolonizationThirtyfifthinstarnymphs
wereaddedtotheaquariumThesenymphswerenotsexed
sinceobservationsindicatedanapproximate11sexratio
amongfieldcollectedadultsTheaquariumwascovered
withaglassplatetopreventtheescapeofnewlyemerged
backswimmeradults

Thisandsimilarcoloniesweremaintainedat14hours
oflight 10hoursofdarknesscycleandattemperatures
varyingfrom19to26Cdependingonthetemperaturein
thelaboratoryThewaterwasmonitoredweeklyforpH
andtotalhardnessandmainatinedat852and8517
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ppmCaCO3respectivelybyreplacingwaterlostthrough
evaporationwithdoubledistilledwaterandbychangingthe
filteraeratorsasnecessaryThecolonieswerefeddailyon
liveCulexpeusmosquitolarvae

CulturingCulexpeusAllCpeuslarvaewerelaboratory
rearedfromeggraftscollectedfromanoutdoormassrear
ingfacilityBayunpubdataThesewerehatchedinthree
gallonrubberizedtubsRubbermaideachcontainingap
proximately11gallonsoftapwaterandonegramofauto
clavedpowderedTetraminacommercialtropicalfish
foodSixeggraftswereplacedineachtubandincubated
atconstanttemperaturesrangingfrom21to31CHatched
mosquitolarvaegrewuniformlyinsizefacilitatingthe
selectionanduseofparticularlarvalinstarsasfoodforthe
backswimmersSomelarvaeweresuppliedadditionala
mountsofTetramintosustaingrowthPriortobeingoffer
edasfoodthelarvaeweresuspendedbrieflyinaone
percentsolutionofsodiumhypochloritecommercial
bleachandthenrinsedintapwatertominimizecontami
nationbyavorticellandestructivetotheeggsofNunifas
ciataHazelriggunpubobservations

SexingImmatureNunifasciataThesexesofadultN
unifasciatacanbeeasilydistingishedbyexaminingthe
terminalandpenultimateandventralabdominalsegments
underadissectingmicroscopeThesesegmentsdiffermor
phologicallyineachsexasshowninFigure3Asinthe
adultsthemorphologyofthelasttwoventralabdominal
segmentsoffifthinstarnymphsdiffersconspicuouslyin
eachsexFigure4Examinationofthespecimenswasfa
cilitatedbyobservingtheminanarrowcontainercontaining
shallowwatertorestrictbackswimmermovement

DISCUSSIONThecolonieswereestablishedonlyto
insureacontinuoussupplyofbackswimmersforsubse
quentstudiesNeverthelessthesecoloniesweresustained
withminormaintenancefor20monthsAlthoughback
swimmersovipositedontheglasssidesparticularlyinthe
cornersoftheaquariumthecylindricalovipositionsites
providedwerepreferredTheseprovidedaneasymeansof
collectingandtransferringtheeggstoothercontainers
forrearingandsubsequentstudy

SexingimmaturesofNunifasciataisparticularlyim
portantinareleaseprogramForexampleadesiredpro
portionofthesexesoffifthinstarnymphspotentialre
productivestockreleasedintomosquitoinfestedhabitats
asimmaturesmightadjustbetterthanafieldreleaseof
flightcapableadultsandthereforeremaininthehabitat
afteremergenceSeparatingthesexespriortoadultemerg
encetopreventmatingmaybedesirablewhenconducting
laboratorystudies

ThepreyusedinsustainingthesecolonieswasCpeus
easilyobtainedinthiscaseSomeeconomyorflexibility
inhavingothersuitablepreymightbegainedbyrearing
Entomostracaamphipodsorotherfreshwatercrustaceaas
usedbyEllisandBorden1969a
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Figure3Ventralviewoftheabdomenofanadultmale

andfemaleofNunifasciatafirstabdominalsegmentnot
shownTheconspicuousappearanceofthegenitaliabelow
theterminalabdomenalsegmentisareliablefeatureused
indistinguishingtheadultsexesCAPmalegenitalcapsule
OVIfemaleovipositor
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Figure4Ventralviewoftheabdomenofamaleand
femalefifthinstarnymphofNunifasciatafirstabdomenal
segmentnotshownThedifferenceinmorphologyofthe
terminalsegmentsofthemalefromthoseofthefemaleare

aconspicuousdifferencewhichcanbeusedinsexingthe
fifthinsstarnymphsofNunifasciata



NIDITINEAFUSCIPUNCTELLAHAWORTHAMOTHOFPUBLICHEALTH

IMPORTANCEFROMPOULTRYMANUREINSOUTHERNCALIFORNIA

StuartJLong

OrangeCountyMosquitoAbatementDistrict
PostOfficeBox87SantaAnaCalifornia92702

ThemothNiditineafuscipunctellaHaworthLepi
dopteraTineidaeentershomesirritatingtheoccupants
bytheirerraticflightandtendencytocontacthumansand
theirfoodandutensilsThismothmaybecomesuchanui
sancethatgovernmentalagencieswereaskedtorespond
eitherbydevelopingorinstitutingcontrolmeasuresDur
ingthepastfewyearsmosquitoabatementdistrictsvector
controldistrictshaveacceptedadditionalresponsibilities
forabatinginsectsotherthanmosquitoesInRiverside
CountytheresponsewasmadebytheCountyHealth
DepartmenttheUniversityofCaliforniaandtheNorth
westMosquitoAbatementDistrict

Nfuscipunctellawasmostannoyingduringtheavian
NewcastleHanson1963outbreakof197172Previous
minormothoutbreakshaveoccurredonafourtofiveyear

cyclewithinafiftymileradiusofRiversideAsaprozoic
speciesNfuscipunctellaisrecordedfromthenestsof
seventeenbirdspeciesandthenestofaPolisteswasp
Petersen1963InEuropemothflareupsoccurannually
duringearlyspringinsuspendedcagepoultryhousesThe
commonnamepoultryhousemoth hasbeenapproved
bytheEntomologicalSocietyofAmerica

Nfuscipunctellaisanidicolousspecieswithwidedis
tributioninEuropeandAsiaNiditineatugurialisMeyeris
theecologicalanalogueintheCaucasesTurkeyIran
CentralAsiaAfganistanPakistanandIndiaIntheFar
EastNiditineaeurinellaZagulyayevisthepredominate
speciesinChinaKoreaJapanandIndochinaAccording
toAKZagulyayevpersonalcommunicationonlypolar
regionsarefreefromNfuscipunctellaorrelatedspecies

GenitalicexaminationbyPetersen1957bofthe28
knownpalearcticnidicolousTineidaePetersen1957a
showedgrouptendencieswhichwhencombinedwithpar
tialbiologicalinformationresultedintaxonomicrevision
andagenerictypedesignationofNfuscipunctellaLater
Zagulyayev1952synonomizedNfuscipunctellaasTinea
eurinellaMorerecentlyZagulyayev1954expandedon
thespeciesgenitalicdescriptionsupportingPetersens
NiditineagenerictypedescriptionHesubsequentlycon
sideredbutdidnotactuponpersonalcommunication
1972placingNfuscipunctellainthesubgenusAcedes
relativetoseveralgrainfeedingTineaspeciesThisisofin
terestsinceNfuscipunctellaisnotrecordedasreproducing
withinthewholegrainhabitatandsuchevidencewasnot
obtainedduringthisinvestigationMathlein1941Mc
Dunnough1939

StudiesonthebiologicalcontrolofsynanthropicDip
teraPovolny1971havebeenconductedinCaliforniaand
worldwidesince1960LegnerandPoorbaugh1972but
fewreportsonpestiferoussynanthropicLepidopteraare
availableLegnerandEastwood1972McDunnough1939
Snowball1941Thygesen1971andZagulyayev1968Be
causefliesandmothsarefoundtogetherallofthiswas
hopedtoleadtosimultaneouscompatiblecontrolofsynan
thropicDipteraandLepidoptera
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METHODSANDMATERIALSAdultMothSampling
MethodConcurrentbiologicalstudiesonNfuscipunctella
indicatingphotoorientationandlarvalhabitatpreferences
suggestedsamplingadultmothnightflightsusingmodified
NewJerseylighttrapsLighttrapswith2wattultraviolet
lampsandaphotoelectricallycontrolledsuctionfanwere
placedattheendofcentralhencooprowsThetrapswhich
wereplaced20feetfromstructuressuspended15meters
abovethegroundsurfaceandawayfromcompetinglight
sourcesdrewadultsinto03literreceptacleswheredichlor
vos22dichlorovinyldimethylphosphatekilledmoths
within10minutesCollectionswerecountedevery14days
topreventthetrapcontainersfromoverflowingMean
weightofadultmothsbasedonsamplesweighedwithin24
hoursonatoploadingbalanceMettlerP1000was
000254g

LarvalMothSamplingandExtractionNumbersof
mothlarvaeperliterofmanureweredeductedfrom5
replicated1literhabitatsamplesManurewascollectedin
1literplungercylinders105cmlongby100cmindia
meterMothlarvaewereextractedwithaBerleseapparatus
for48hoursusinga40wattincandescentlightbulbBry
donandFuller1966Thisextractionmethodisprimarily
formobilesecondthroughfourthandsomefifthinstarlar
vaeFifthandsixthinstarsoccupyingcocoonsappearin
lownumbersinBerleseextractedsamplesTheimportance
ofprevailinglarvalinstarsisapparentwheninterpreting
timelagirregularitiesinconcurrentlarvalandadultmoth
numberspersampleOnelitermanurecoreswereextracted
ata45anglewheredepositswerelessthan45cmin
heightCoresampleswerecollectedhorizontallywhere
manuredepositsweredivisibleintomultiple30cmeleva
tionsegments

Whenpoultrymanureaccumulatesabovea45cm
height3distinctzonallayersoccurTheseareapparentup
tothehighest105cmheightobservedduringthisstudy
Themanurebasepadflaresawayfromtheuppercore
sectionTheinteriorbasalareascontain theoldest

depositsTheflaredsidescommonlyassociatedwiththe
basearespillagesfromrecentlydepositedmanurenotad
heringtothesectionThemanuredepositionareawas
limitedbythewirecagedchickensandwasgenerallyob
servedtobelessthantheflaredbasaldepositwidthThe
middlecorearearangedinthicknessfrom1545cmThe
topisthethirdapparentzonecharacterizedbynarrowness
ofwidthandsteeplyangledalmostparallelsides

Twotypesofpoultryhousingwerechosenforthis
studyBuildingsonRanchNo1arecompletelyenclosed
withoutwindowsandutilizedupdraftexhaustfansto
createforcedventilationAirmovementisadjustableby
louvresalongthelengthofthebuildingBirdsarehoused
insuspendedbacktobackcagesEach1roomenviron
mentalstructurewas91x18meterswithcagessuspended
15metersabovethegroundlevelThemanurehabitatof
themothaccumulatedfor18to22monthswhichisthe



eggproducingexpectancyofthesechickensLightwithin
thebuidlingwasregulatedtoa13hourphotoperiod
RanchNo1waslocatedattheintersectionofLimonite

andBainStreetsRiversideCounty
RanchesNo2andNo3werebothopensidedbut

coveredManureinRanchNo2wasremovedannually
afteraccumulatingtoa90canheightHenswerehousedin
backtobackcagessuspender12metersabovegroundand
wereexposedtotheenvironmentonallsidesDuringthe
springandsummermanurewasexposedtosunlightfor
morethansixhoursdailyRowswereorientedeasttowest

Thehousingcoveredanarea60x96metersRanchNo
2waslocatedattheintersectionofOrangeandColumbia
StreetsRiversideRiversideCounty

RanchNo3wassmallerthanNo2coveringanarea80
x80meterswithwideraislesandshortercagerowsThe
manurehabitatwasorientedonanorthsouthaxislimit
ingdirectsunlightexposuretotwotothreehoursdaily
HenswerecagesuspendedasinRanchNo2RanchNo3
waslocatedatMissionBoulevardandMountainAvenue

inOntarioSanBernardinoCounty
RanchNo4waslocatedattheintersectionofCalifornia

Highways55and91inAnaheimOrangeCountyAde
taileddescriptionisfoundinLegnerandEastwood1973

ExceptforNo4poultryrancheswerewithina10km
radiusofRiversideCaliforniaandwereatelevationsof
396to493metersUnlessotherwiseindicatedallranches
weremonitoredsemimonthly

Meanmaximumandminimumdailytemperaturesfor
Riversiderangedfromahighof33toalowof4Cin
19721973

RESULTSANDDISCUSSIONLarvalandAdultMoth

CollectionsInEnvironmentalBuildingsLarvalsamplesof
Nfuscipunctellawhichwerecollectedsemimonthly
reachedyearlymeanpeaksinearlyFebruaryandlateMay
ThelowestlarvalincidencewasrecordedinDecember
1972andinlateJulyandthroughoutOctober1973
Table1

Meannumbersofadultmothsper24hourperiodwere
highestinlateFebruaryandlateMarchalthoughcountsof
over100adultsper24hoursoccurredfromFebruary
throughJuneA14to21daylagwasevidentbetween
sampledlarvalincreasesandtheincreaseinadultmoth
appearanceduringtheFebruaryJuneemergenceperiod

ParasiteCollectionsAtineidparasitoidApanteles
carpatusSayHymenopteraBraconidaewasfirstreared
fromTineapellionellaLin1905Fallis1942discussed
someenvironmentalfactorpertainingtothewaspslife
cycleHisstudiesgaveevidenceofpossibleregulativepoten
tialonotherTineidaeHenotedthatAcarpatuswasreared
fromTrichophagatapetiellaLandTrichophagauterella
WilsonbothnidicoloustineidsTwoadultAcarpatus
alsoemergedfromPyralisfarinalisLLepidopteraPyrali
daeobtainedfromasampleofamassedhenmanureA
carpatuswasmostabundantinfullyenclosedforcedair
ventilatedhenhouses

LarvalandAdultMothCollectionsInOpenSided
BuildingsNfuscipunctelksampledfromRanchNo2
arerecordedinFigure1andTable1Morethan50of
thelarvaesampledwerelocatedinthebasehabitatsection
fromMarch6throughJune22Thereafterlarvaeappeared
inslightlygreaternumbersinthecorehabitatsectionBase
locatedmothlarvaedeclinedinnumberandpercentagebe
tweenMay2andJune22Duringthatperiodnumbersand
percentagesoflarvaerecordedfromthecoresection
steadilyincreasedMayJuly

Adultmothspeakedinabundancetheweekpreceding
theApril3sample27daysafterthebasehabitatlarval
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Figue1Numbersofmothlarvaeperliterofmanure
RanchNo2

Table1MeannumbersoflarvaeofNfuscipunctella
per1literhabitatsamplesextractedat45angletohori
zontalandcollectedtwicemonthlyfromenclosedbuilding
RanchNo15replicates

Larvaeliter

Firsthalf Secondhalf

monthly monthly Monthly
sample sample mean

1972

39

32

1973

58

14

16

8

234

14

84

41

14

08

July

30

24

40

223

12

145

172

101

42

65

22

0695

meancountof28larvaeperlitersampleFigure1Al
thoughtherewerenootheradultpeakoccurrencestotal
larvalcountssharplyincreasedagainonMay2andJuly6
Fouteendayspriortothesedatesanincreaseinthecore
sectionlarvaewasnotedrangingfrom70to100more
thanintheprevioustwoweekperiodThedatathusindi



Table2NumberofNfuscipunctellatrappedin24
hoursbyNewJerseylighttrapatRanchNo2

Sampledate
1973

March6

March27

April3
April19
May2
May21
June2

June22

July6
July23
August6

aCalculatedfromweight

Table3Abundanceofthreepredatoryarthropodsfrom
poultryRanchNo1enclosedbuildingobtainedbyBer
leseextractionnoperliter

Sample
month Gnanus

727

1430

1702

1053

1009

900

789

480

078

074

031

1972

December 2 08

1973

January 4 2

February 2 2

March 6 6

April 6 2

May 4 6

June 2 4

July 0 6

August 0 0

September 2 0

October 0 0

WeightofmothsEstimateof
collectedper totalmoths

24hoursgms per24hours

2860

5630

6700

4137

3969

3537

3100

1886

308

294

120

AvgNoPredatorsliter

LcampestrisPsordidus
a

alloneextractedfromthisseriesofsamples

catethatthetophabitatsectionisnotsuitableforlarval
development

Comparabledensitiesofmothlarvaeincoastalandin
landSouthernCaliforniarancheswerefoundbyLegnerand
Eastwood1973Intheirstudythemanurehabitat
attainedaheightof34cmInthisstudyRanchNo2had
accumulatedmanureto90cminheightTheirmaximum
numberoflarvaepersampleliterwas35larvaeperliterin
Aprilwhileourmaximummeanattainedwas68larvaeper
literonMay2Figure1During1966larvaeontheirin
landRanchIIdecreasedonJuly12Ourdecrease1972
inmothlarvaewassimilarlynotedLarvalincreasesinthe
basehabitatwerepreceded14to20daysbylarvalincreases
inhabitatzonesimmediatelyabovethebaseandcoresec
tions
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Table4PredatorsextractedbyBerlesefunnelafter48
hoursrankedtothehabitatsectionoforiginfromopen
sidedranchno2

Survey
date

1973

Survey
month

Larval

habitat Lcampestris
sampledlAdult Immatures

36 a

b

c 0

327 a 1

b 0

c 0

43 a

b

c 0

419 a

b

c 0

52 a 0

b

c 8

521 a 0

b 18

c 4

65 a 1

b 13

c 18

622 a 0

b 4

c 13

76 a 7

b 7

c

723 a

b

c

3

32

la Resultsforbasehabitatsample
b Resultsforcorehabitatsample
c Resultsfortophabitatsample

Table5AbundanceofthreepredatorsfromRanchNo
5extractedbyBerlesefunnel

January 1

February
March

April
May
June 1

July 0

August 1

September 0

October 0

Gnanus

December 05

3

2

2

05

AvgNoPredatorsliter

7 0

6 0

6 0

42 8

0 4

0 0

3 11 3

12 14 24

0 12

4 18 0

1 3 11

0 0

0 0

23 1095 87otherStaphy
linidae

6 0

0 0

32 9

38 0

0 0

21 0

43 0

0 16

37 3

19 0

0 13

38 3

8totalnotcat
4 14

0 0

0 0

AvgNoPredatorsliter

LcampestrisPsordidus

1972

4

1973

7

6

3

6

8

2

0

0

0

Gnanus Psordidus

0

0
0

0

13

8

12

22

38

26

18

10

2

0

0

0

0
0

0
0
0
8

0
0

23
10
0

0

0
0

0

0

0

0

0

14
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PredatoryArthropodsThethreemostabundantinsect
predatorscollectedin1972and1973wereGnanthoncus
nanusScribaColeopteraHisteridaeLyctocoriscampes
trisFHemipteraAnthocoridaeandPhilonthussor
didusMarshamColeopteraStaphylinidaeIndividualpre
datorswererecordedasnumbersperliterofsampleInstars
werenotedwherepossible

PredatorabundancefromRanchNo1isrecordedin

Table3RanchNo1sustainedapopulationofthepara
siteAcarpatusPredatorsweregenerallyscarcecompared
withthebiologicalactivityonRanchNo2Gnanuswas
mostnumerousinJanuaryMarchandAprilwhileL
campestriswasabundantfromMarchthroughJulywhen
itspopulationdeclinedsharplyPsordiduswasnotrecord
edfromRanchNo1

IntheabsenceofAcarpatusLcampestriswaspresent
inthegreatestdensityatRanchNo2opensidedResults
arerecordedforimmaturesandadultsasfoundinthebase
coreandtopsectionsofthesampledhabitatTable6
Lcampestriswasgenerallymostnumerousinthebaseand
corehabitatsDuringMayandJuneimmatureLcampes
triswereextractedfromthetopmanuresectionThiscoin
cideswiththeappearanceofNfuscipunctellainthatsec
tionbutthecauseandeffectrelationshipifanyisnot
clear

AnothershiftwasnoticeableinRanchNo3structurein
SanBernardinoCountyThisranchwassampledfor8
monthsfromNovemberthroughJuly1973Five1liter
cylindersamplesrandomlycollectedsemimonthlypro
ducednoNfuscipunctellalarvaeSampleswerewithdrawn
froma45collectionangleonauniformhabitatrangingin
heightfrom25to40cmsCDCNationalCenterforDis
easeControllighttrapssdtuatedaspreviouslydescribed
forRanchesNo1andNo2alsofailedtotrapadult
mothsRanchNo3wasequalinareaandhencapacityto
RanchNo2ofthisstudy

Psordiduswasconsistentlythemostabundantpredator
forRanchNo3throughtheJulysamplingdateBeginning
inAugustPsordidusdecreaseduntilitapproximatedthe
densityofLcampestrisTable5

RanchNo4opensidedbuildingswhichwasclosed
JanuaryFebruary1973wasreferredtoascoastalRanchI
byLegnerandEastwood1973

SUMMARYANDDISCIJSSIONBeforetheinfluxof

humanpopulationintopredominatelyagriculturalportions
ofSouthernCaliforniaNfuscipunctellacausedbutafew
isolatedcomplaintsUntilpoultryoperationsmovetoless
populousregionsoruntiltheyareacceptedasapartof
rurallivingandurbanagriculturemoththresholdtoler
anceswilldictatecontrolactivitiesWhilesuchthresholds
havenotyetbeenestablishedthisstudyprovidesdescrip
tionsofcertainfieldparameterswhichtendtoinfluence
mothproduction

Thefollowingarepertinentconclusionsderivedfromthe
presentstudy
1Thefirst5larvalinstarsaremobileseekingoutdrierha

bitatspriortoformingcocoonsThesixthinstarisim
mobile or is limited inrangetoits cocoon
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2Acarpatuswasrecoveredonlyfromornearclosed
poultryhousesOneranchwhichproducednumerous
adultmothsandcitizencomplaintshadfewerPsordid
usthaneitherrancheswithenclosedbuildingswith
higherAcarpatuscountsormothfreerancheswithele
vateddensitiesofPsordidusEffectsofLcampestris
predationinallranchesexaminedwasnotdetermined

3Duringpeakmonthsofadultmothoccurrencebasesec
tionsofmanurehadthehighestdensityofmothlarvae
Whenmanurewasgreaterthan70cminheightlarvae
apparentlymigratedfromthelessdensecoresectionin
tothebasesection

4Asmothlarvaewereratherevenlydistributedinthe
largermanuredepositsthetotaladultmothpopulation
canprobablybecorrelatedwiththeavailablelarvalmoth
habitatHoweveronanygivenranchtheoverallmoth
densitymaybekeptlowbypredatoryactionandother
biologicalandphysicalfactors
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THEFLYCONTROLPROGRAMOFTHEDELTAVECTORCONTROLDISTRICT

INTRODUCTIONTheDeltaVectorControlDistrict

beganafullfledgedprogramofflycontrolin1972upon
requestoftheBoardofSupervisorsandtheHealthOfficer
ofTulareCountyPersonnelassignednowincludeanad
ministratorassistedbyabiologistfourparttimestudent
inspectorsanduptosixteenfederallyfundedpovertylevel
studenthelperstheDistrictsbicyclebrigade

Theworkoftheflycontrolsectionisdividedamong
ruralagriculturalurbanandcommercialinspectionpro
gramsLarvicidinghasnotbeenusedtoeffectcontrolbut
adulticideshavebeenuseduponfouroccasionsbecausein
eachcasetheflypopulationsconstitutedaseverepublic
healthnuisance

THELEGALAPPROACHHowdoestheDistricten

gageinanoperationalvectorcontrolprogramvirtually
withouttheuseofinsecticidesTheflycontroldivision
usesthemuchmisinterpretedlegalapproachOperationally
amapofeachsquaremileiscolorcodedandeverysource
smallorlargeurbanorruralisgivenapriorityratingforin
spectionFormsandinspectionproceduresaredesignedto
fittherequirementsofahypotheticaltrialbriefThisbrief
isbasedupontheManagersdetailedanalysisofthestatu
torystepsprovidedbytheStateHealthandSafetyCode
underwhichthevectorandmosquitoabatementdistricts
functionOwnershipofpropertymustbeestablishedand
photographicevidencetakenandinspectionreportsand
mapsofbreedingareascontactandcomplaintreportsand
otherpertinentdatacompiledandperiodicallyreviewed

Withthisapproachifatsomepointthelegalremedies
oftheDistrictwereexhaustedorifthelegalityofthepro
cedureswerechallengedtheManagercouldsimplyclosea
particularfolderandsubmitthedatatotheDistricts
attorneyTheflycontroldivisionisalsofullyoperational
besidesmakingrequestsforneededcorrectionsandpro
vidingtechnicalandeducationalassistancewealsoutilize
sourcereductionequipmenttoeliminatebreedingareas

TheDeltaVectorControlDistrictismoreinterested

inobtainingfromtheoffenderthespiritofthelaw
ratherthanapplyingtheletterofthelawalthoughwe
arepreparedtodosoifnecessaryByelicitingfromthe
landholderanappreciationofthespiritofthelawIrefer
tothathighermorallawfromwhichwrittenlawisderived
ChristsGoldenRulefromtheSermonontheMount
whichstatesineffectthatoneshoulddountoothersas

hewouldhavethemdountohimStMatthew712
Thismorallawistranslatedinthecaseofvectorcontrol

intothelegalpreceptthatonecannotusehispropertyin
suchamannerastodenytootherstheenjoymentoftheir
propertyortocreateahazardtothegeneralhealthand
safetyofthecommunity

TheBoardofTrusteesoftheDistrictsittingasanad
ministrativetribunalultimatelyrendersitsdecisiononly
afteranopenhearingwiththelandownerwhoeventhen
hasadditionalrecoursethroughthecourtsTheBoardof
Trusteesconstitutesajuryofhispeerswhosegoalisto
obtainhiscooperationTheboardmembersareoftenhis

JohnCCombs

DeltaVectorControlDistrict

1737WestHoustonAvenueVisaliaCalifornia93277
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friendsrndarerequiredtobehisDistrictneighborsThe
Districthasnotyethadanyhearingswithflyproducers
butseveralmosquitoproducershavebeencitedtoappear
beforeourBoardofTrustees

HowdoesthepublicviewthisprogramWehavere
tainedthesupportofourcitizenrywhoviewTulare
Countyasaunitoflocalismhavinguniquevaluesandtradi
tionsandaqualityofenvironmenttheywishtopreserve
andenhanceTheyalsoagreewithusthatcooperative
effortsatthelocaldistrictlevelisadesirablewayofpre
ventingarbitraryactionsimposedbyahigherandmore
remotelevelofgovernment

Thesocalledlegalapproachcanbepositiveanddy
namicaswellasinhibitingorproscriptiveItprovidesa
proceduraloutlinefortheeffectivemanagementofsuch
districtsTheadministrativechallengeliesinstructuring
operationalprogramstofittheprovisionsoftheCodeIt
neednotimplytheabandonmentofothercontrolmethods
orsummarylegalactionItprovidesthecitizenprotective
legalsafeguardsagainstarbitraryactionadministeredbya
specialdistrictspecificallycreatedtoprotectthepublic
whileprovidingequitabletreatmenttothelandholder

CONCLUSIONInconcludingIwouldliketomake
twopointsThefirstconcernstheproblemofwhichgov
ernmentalagencyshouldadministeraflycontrolprogram
thesecondconcernstheapplicationofthelegalsanction

Firstourflycontrolprogramisreviewedbyacom
mitteechairedbytheCountyHealthOfficerOther
agenciesincludetheAgriculturalExtensionServiceand
CountyPlanningDepartmentsthePublicWorksDepart
mentandtheAgriculturalCommissionersOfficeThe
DistrictManagerisinchargeofourprogrambutinmany
ofourinspectionsweteamwithpersonnelfromtheEnvi
ronmentalHealthSectionoftheTulareCountyHealth
DepartmentWereceivesupplementaryfundingfromcities
andfromtheCountyandwereporttoeachannually

TheDeltaDistrictsprogramisanintegralpartofthe
broaderperspectivesofCountygovernmentMostofthe
flyandmosquitoproblemsareduetousesandabusesof
theenvironmentbymanFlyandmosquitovectorstyp
icallydevelopbyreasonofenvironmentalmisuseInagri
cultureoverirrigationproducesanunwantedbyproduct
wastewaterAndifthewaterstandsfourdaysormorean
evenlessdesirableproductmayarisemosquitoesThe
sameformulaappliestofliesbreedinginorganicwastes
Infactthesourcesinwhichfliesmultiplyareoftenas
seriousapublichealthmenaceastheflyvectorsthatema
natefromthemItisthereforelogicalthatoursurveillance
andcontrolprogrambecloselycoordinatedwiththeother
agenciesoflocalcountyandstategovernmentthatshare
responsibilitytoabatesuchpublichealthnuisancesFor
examplerepresentativesoftheWaterQualityControl
Boardhaverenderedoutstandingassistancetoourprogram

TheDistrictknowsthatvectorproblemscannotbesim
plysprayedaway Solvingtheseproblemsrequiresplan
ningeducationenforcementandcoordinationamong



theconcernedagenciesandthelandholdersNoonespecial
districtisequippedtohandleallofthecomplexconsidera
tionsacomprehensivevectorcontrolprogramentailsA
Countyestablishingsuchaprogramshouldnotignorethe
uniquecontributionsanexistingdistrictcanmakeinper
sonnelentomologicalexpertiseoperationalandsourcere
ductioncapabilitiesandinexecutinglegalproceduresbut
neithershouldadistrictattemptsuchaprogramexclusively
andunilaterally

MayIaddthesomewhatsoberingreflectionthatsince

SOMEPRECEPTSOFMANAGEMENTINHUMANORGANIZATIONS

StuartJLong

OrangeCountyMosquitoAbatementDistrict
PostOfficeBox87SantaAnaCalifornia92702

Insmallorganizationsorinsubgroupsoflargeropera
tionalunitstheremaybepeoplewhoareunabletoadjust
theiractivitiestotheirjobdescriptiontherebycausingun
restinanotherwisesmoothlyrunningorganizationAni
mosityinsecurityandmistrustmayresultifoverexuber
antormisinformedpersonswishtoassumearesponsibility
andhavetoherestrainedorrequestedtoobservethelimita
tionsoftheirassignedjobsortheircapabilitiesResulting
interactionamongstaffmembersmayhampernormalor
ganizationalprogressDuringthepastfifteenyearsseveral
instancesofthissortwereobservedItistheintentofthis

papertodefinetheapplicablepreceptsandtodescribe
methodswhichhavebeenemployedtopreventdisruptions
sothatthegoalsoftheorganizationcouldheattained

Organizationsofabusinessprofessionalorgovern
mentalnaturealwayshaveaprimaryfunctionwhich
shouldhavefirstprioritySecondaryeffectsofanorganiza
tioneitheruponitssupportingpublicoruponotherorgan
izationsshouldtakelesserpriorityratingsWhenanorgan
izedgroupfailstoachieveitsmainobjectivethegroup
functionhasnotbeensatisfiedThesuccessofanorganiza
tionmaybelimitedbyvariousfactorsInfluencingcriteria
canbeinsurmountablephysicalproblemsorpersonnel
motivationproblemsBecauseoftheseobstaclestosuccess
thepracticalextenttowhichaprimaryfunctionwillbe
satisfiedshouldbedefinedandperiodicallyevaluatedby
competentorganizationspecialists

Anyuntowardinternalfrictionmayinhibittheperform
anceoftheprimaryfunctionoftheorganizationWaysof
preventingfrictionthrougheffectiveselectionofpersonnel
clearlystatedjobdescriptionsdelineatedverticalandlater
alchainsofcommandandthewiseapplicationofhuman
relationshaveprovedtoheprimeconsiderationsinhelp
ingtoattaincompletesatisfactionoftheorganization
functionGray1964

Thefollowingoutlineofsituationsmayapplytoevery
daypersonnelandstaffexperiences

1Inheterogeneousgroupsthereareapttobepeoplewho
willtendtomistakealackofrigiddirectionsoradis
playofkindnessforweaknessintheleaderofthegroup

2Itfollowsthatthosepeoplewillnotrespectaleaderbe
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theabatementprovisionsoftheHealthandSafetyCode
werefirstenactedin1915theyhaveneverbeenchallenged
inthecourtsItthereforefollowsthatthefirstfewcases

processedinthecourtswillprovidetheprecedentsforall
subsequentlegalactionsSincetheactionsofonedistrict
potentiallycouldadverselyaffectthelegalprogramsof
everyotherdistrictintheStateperhapsCMCAshouldcon
sidertheformationofacommitteeonthelegalaspectsof
vectorcontroltoprepareforthetestcaseswhichprobably
areinevitable

cause they are able only to respect power

3Intheabsenceofademonstrationofpowerthereisa
tendencytowardachaoticpowerstrugglewhensuch
personsarepresentinanorganization

4Thosewhorespectonlypowermustbeshownapower
fulimageiftheorganizationistofunctioninaneffec
tivemanner

5Tofailtodemonstratestrengthtopersonswhorespect
onlypowermayallowthemtheopportunitytoreduce
theorganizationtoacommondenominatorbasedon
strengthasopposedtocommonsenseandfacts

Lessercharactersevenifactiveparticipantsinpower
conflictsmaybeforcedbythetwoprincipalpower
seekingindividualstoassumetheroleofpawnsThese
controllablecharactersprovidemaneuverabilityforkey
personnelwhobythenatureoftheirpositionsanddele
gatedresponsibilitycouldnotpubliclyassociatewitha
chaospowerconcept

6Torestoreordertoanorganizationsodisruptedanex
cessofpowermustbeemployed

7Thedemonstrationofpowerwilloftencreatewhat
appearstobegreaerchaosthaninStepNo3dueto
theresistanceofringleaderswhowishtoretainnewly
acquiredstrengthamongstthefollowerstheygainedin
StepNo5

8Thisnewchaoticdisruptionmustbeendurediforderis
finallytoberestored

9Theleaderwhocannotwillnotorwhoisnotallowed
toendureandquietthisturbulenceinvitesStepNo3to
recurendlesslybecause
aTogiveintothepeoplereferredtoinStepNo2will

invitecompletechaos
bToallowthedisruptiontocontinuemightdestroy

anyhopefororganizationalprogressorattainment
oftheprimaryfunction

10 ToabatethedisorganizationwhichwilloccurinStep
No9theleadermusteither
aRidtheorganizationofthedisruptors
bDeprivetheringleaderofhispower
cRedesigntheorganizationtoobtainhomogeneous

espritdecorpsbydefiningandreemphasizingor



ganizationalgoalsfunctionsofindividualsandthe
chainofcommand

11 TheleadermusthavesufficientpowertoactHe
must

aHavethesupportofhispeers
bHavethesupportofhissupervisors
cBesureinhisposition
dOrresignbecause

12 AfterareasonablelengthoftimeduringwhichStep
No3prevailstheleadermustbereplacedifhecannot
attainorderinsuchafashionthatprogressandharmony
ensue

Inthecasesinvestigatedpowerstrugglesdevelopedbe
tweentwostrongpersonalitiesInthreeoffivecasesob
servedtheindividualswereplacedinathreatenedposition
eitherduetotheirinabilitytounderstandleaderships
functionorbecausesufficientinformationanddescription
oftechnicalconceptswerelackingThelattercanoccur
whenunusualornewtechniquesareusedandnonmanager
ialpersonnelarerequiredtomakedecisionsforwhichthey
arenotprepared

Inorganizationswhereleadershipsroleistoofferen
couragementandsupportpersonnelwhodesirestrong
leadershipmayheplacedintheuncomfortablepositionof
havingtomakedecisionsforthemselveswhichtheywould
likeotherstomakeforthemWhenthisisthecasegreater

jobandgoaldefinitionshouldhegiven
Thefollowingstepsmaypreventordelaydisruptive

powerstrugglesinsmallorganizations

151

1Developfirmgroupgoalsanddefinethefunctionofthe
organization

2Determinetheextenttowhichyouintendtosatisfythe
functionandimpressthatpointonallconcerned

3Describethepertinentjobswithintheorganizationand
theroutesofcommunicationHoweveroveremphasis
uponthispointmaylimittheexpressionofindividual
ability

4Makesurethegroupleaderhasthenecessarysupportto
acceptresponsibilityforthegroupContinualchangeof
leadersdetractsfromgroupstability

5AleaderisnecessaryforgroupactionManygroupshave
leadersinordertoconcentratethepowerandgoalcon
ceptsofthegroupindelegatedpersonnelTheopposite
isalsoapparentagoodleadermayencouragethesup
portoftheworkers

6Inasystemwheremanagementiseitherappointedfrom
outsidesourcesorelectedfromwithinthegroupthere
shouldheadegreeofseparationsuchthateveryonecon
cernedwillrespectoperationaldecisionswhicharefavor
abletothegroupgoalsandfunctionseventhoughthey
maynothelikedbysomeindividualsconcernedThe
optimumworkingsituationisonewherethesuccessof
theindividualisabaseforthesuccessoftheorganiza
tioninobtainingitsgoalbutsinceattainmentofthe
goalorfunctionisthepurposeoforganizedefforts
theseshouldbewelldefinedandperiodicallyevaluated
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Asuccessfulmosquitolarvicidingprogramreliesontwo
factorsLocatingthesourceandtimingtheapplication

Thetimingoflarvicidesonmosquitosourceareasises
peciallycriticalinirrigatedpasturesAerialapplicationpro
gramsusuallytreatsourceareasoneormoredaysafterthe
inspection

Routinesourceinspectionproceduresonirrigatedpas
turesareperformedtodeternineifsourceareashavebeen
irrigatedandifsothestageofthelarvae

Table1Pasturemosquitoes

Daysto
Pupae

3

4

5

9

10
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85
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ACHARTUSEDFORTHETIMINGOFCHEMICALAPPLICATIONS

ONPASTUREMOSQUITOES

CEricHamrin

JacksonCountyVectorControlDistrict
380AntelopeRoadWhiteCityOregon97501

Daysto GrowthRate

Adults Scale61

4

5

18

163

15
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128

12

112

106

6 1

94

9

7 85

81

78

8 75

72

69

9 66

64
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10 60

58

56

11 54

52

51

12 50

49

47

13 46

45

44

14 43

42

41

15 40
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Oneofthemanyoperationaldecisionsisthedetermina
tionofhowoftenandwhenthesourceareasinirrigated
pasturesshouldbeinspected

Thechartwasdesignedasanaidtohelpwiththesede
cisionsInformationforthechartcamefromfoursources

1UtahProceedings the16thAnnualMeetingfromthe
paperACompositeGrowthRateStudyBetweenLar
vaeofAedesdorsalisandAedesnipromaculisbyJames
JPeterson

2CaliforniaProceedings the19thAnnualConferenceof

CMCAfromthepaperReviewof1950StudiesofMos
quitoesinIrrigatedPasturesbyThurmanHusbands
MortensonRosayandArnold

Table2Exampleofoperationaluseofchart

Irrigation Mean Growth Mosquito
Date Temp

Aug15
14

13

12

11

10

9

8

7

6

1 1stinstar

3 3rdinstar

5 pupae

Date August

66
635

655

715

755

715

685

685

62

715

DateSourceAreaIrrigated

GrowthRateScale 1to6

Rate Development

Freshwater

62

57

61

76

92

76

67

67

54

2 2ndinstar

4 4thinstar

6 adult

Egg
62

119

180

256

348

424

491

558

634

1stinstar

2ndinstar

3rdinstar

4thinstar

pupae

adultmosq
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3Fromfieldnotestakenbymyselfintheeasternareaof
FresnoCounty

4FieldobservationswhilewiththeKlamathVectorCon

trolDistrictinsouthernOregon

Thecombinedinformationoftemperatureandlarval
growthfromthefourareaswaschartedandusedasabase
toproportionatelycompilethepresentchartThelarval
growthrateindicatedonthechartisnot100accurateand
shouldbeusedonlyasaguide

Watertemperaturesinthefieldwillvaryfromtheeffect
ofmeantemperaturesDeepwaterstayscoolerthanshal
lowwaterTherearelongerperiodsofdarknessinspring
andfallthereforelongerperiodsofcooltemperaturesin
sprngandfallcomparedtomidsummer

Thebasisforthechartistheaveragefromthefourareas
includingdataaboutbothAidesdorsalisandAidesnigrro
maculisSothelarvalgrowthindicatedonthechartsis
notabsolutebutisausefulguideforoperations

Theareaofthechartthatindicatesthedaystopupae
anddaystoadultmosquitoeswasusedsuccessfullyfor
sevenyearsforcoordinatingtheaeriallarvicidingprogram
withourroutineinspectionprocedures

Whenmeantemperatureswere62andlowerthepas
tureswereinspectedweeklywhenthemeantemperatures
were62to73 thepastureswereinspectedtwiceaweek
andwhenthemeantemperatureswerehigherthe73 the

pastureswereinspectedthreetimesduringtheweek

153

Thisprocedureallowedadequatetimeforbothinspec
tionandaerialapplicationbeforethelarvaematuredtothe
fourthinstarorpupae

Duringthefallof1973atimeandmotionstudyofthis
procedureindicatedthat800ofthetimewasusedin
checkingpasturesthathadntbeenirrigated

Thefourmajorirrigationdistrictsinthecountywere
contactedtheproblemofwastedtimeandmotionwasex
plainedtothemandtheircooperationsolicited

Withtheiraidwewereabletoacquiredailyknowledge
astowhichmosquitoproducingpastureshadstartedtheir
irrigationcyclethedaybefore

Thegrowthratescaleisamodificationofthechartthat
wasdesignedlastyearforuseinconjunctionwiththe
dateofirrigationwhichmadeitpossibletodetermineeach
daythegrowthrateandstageoflarvaeineachirrigated
pastureuntilemergence

Thissystemgreatlyreducedthenumberofrequiredin
spectionsItalsoenablesustochoosethelarvalstagewe
wanttotreatandscheduletheaircraftaccordingly

Lastyearthissystemenabledustoconcentrateour
aerialapplicationonthirdinstarlarvaeprovidinga60re
ductionintimeandmotionbyeliminatingunnecessaryin
spectionofpastures

Theresultsprovidedthesamestandardofmosquitocon
trolwithlesspersonnelinthefield



COMPARISONOFTHREESAMPLINGMETHODSFOR

MEASUREMENTOFADULTMOSQUITOPOPULATIONS

RPMeyerTMcKenzieCKFukushimaandRKWashino
UniversityofCalifornia

DepartmentofEntomologyDavisCalifornia95616

AstudywasconductedinSutterCountyCaliforniato
morepreciselycharacterizethemosquitopopulationbeing
sampledby1cubicfootredboxCObaitedCDCminia
turelighttrapandstandardNewJerseylighttrapSixcol
lectionsweremadeathiweeklyintervalsfromfourrural
sitesfromJuly10toSeptember181974Malesand
femalesofallspecieswererecordedandinadditionthe
physiologicalstateandageofeachfemalemosquitowas
determinedbythePolovodovamethod

Themostfrequentlycollectedmosquitospeciesinorder

ABSTRACT

ANAUTOGENYANDAUTOGENYINLEPTOCONOPSLCARTERIHOFFMAN

ETSchmidtmann

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

InanefforttoestablishwhethertheValleyBlackGnat
Leptoconopsearterisurvivesinnaturetotakerepeated
bloodmealsaswouldbecontrarytopreviousopinionthe
physiologicalageoffemaleswasassessedbyanalysisof
ovarianactivityWeeklysamplesofhostseekingindividuals
weretakenthroughtherespective1973emergenceperiod
oftwoisolatedLearteripopulationsOnepopulationwas
emergentfromtheCoastRangeelevationapproximately
2200feeteighttotenmileswestofTracySanJoaquin
CountythesecondpopulationfromtheflooroftheSacra
mentoValleyjustnorthofDavisYoloCounty

Uponanalysisfemalesofbothpopulationswereob
servedinwhichtheintimaoftheovariolepedicelwasdilate
orsaccateinformThisconditionisindicativeofprior
oocytematurationandovipositionandtheseindividuals
werejudgedtobeparousFemaleslackingthiscondition
whichwereratedasnulliparousParityratesinhostseeking
gnatsfromthefoothillarearangedfromeighttofiftytwo
percentinweeklysamplesandaveragedtwentysixpercent
forthe300individualsobservedInnulliparousfemales
terminalfolliclematurationwasuniformlyarrestedatstage
IlaThispopulationwasthereforejudgedtobeautogenous
andthepresenceofparousfemalesinterpretedasevidence

ABSTRACT
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ofabundancewereAnophelesfreeborniCulextarsalisand
AedesmelanimonGreatestnumbersofCtarsalisandA
melanimonwerecollectedinCDClighttrapswhileAfree
borniwasmostabundantinNewJerseylighttrapcollec
tionsHighestparityratewasobservedinsamplesofC
tarsaliscollectedbyCDClighttrapsLowestratesofparity
wereobservedinmosquitoescollectedfromredboxesNo
femalesdissectedshowedevidenceofcompletingmorethan
4gonotrophiccylesThree4parousAfreeborniandone
4parousArnelanimonwerecollectedbyCDClighttraps

thatfemaleLearteriinthisareadosurvivetotakea
secondbloodmeal

ParityratesinhostseekingLearterifromtheSacra
mentoValleypopulationaveragednearly100percentover
asixweekperiodAfewnulliparousfemaleseachofwhich
possessedexcessivefatbodyandfolliclematurationinad
vanceofstageHawerealsocollectedTheseobservations
wereinterpretedasevidencethatfemaleLearteriofthis
populationundergoautogenousoogenesisofthefirstgono
trophiccycleCertainparousindividualsalsoexhibited
autogenousoocytematurationaconditionheretofore
underscrihedwithintheCeratopogonidae

In1974samplesoffiftyhostseekingfemaleLearteri
weretakenforanalysisofphysiologicalagefromthe
followingSacramentoValleyemergenceareasSacramento
WildlifeRefugenorthColusaeastWoodlandnorthDavis
andeastDixonEachsamplewasobservedtobecomposed
ofLcarterifemalesfrom1973emergenceinnorthDavis
Itappearsthereforethatfemalegnatsfromthroughout
theSacramentoValleyareautogenousforthefirstand
possiblyasubsequentgonotrophiccycleBitinggnatsfrom
thisregionarelargelyparousbutthisconditiondoesnot
necessarilyreflectpreviousbloodfeeding



SLOWRELEASEFORMULATIONSOFINSECTGROWTHREGULATORSFOR

MOSQUITOCONTROLINCATCHBASINS

RLDunnRKWashinoandTJCase

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

ABSTRACT

Applicationsofslowreleaseformulationsofinsect
growthregulatorsIGRweremadeto34catchbasinsin
FairfieldCaliforniaandto48artificialbasinsinDavis
CaliforniaTheseformulationsdevelopedatDaviswerein
theformofrounddisksof6cmdiameterand1cmthick
nessOnediskwasappliedtoeachbasinTheIGRsused
wereStauffersR20458ZoeconAltosidandHercules
24108InFairfield16ppmAIofAltosidandR20458
gave100controlofCulexpipiensfor4964daysand
3555daysrespectivelyAt10ppmAI24108gave81

CORRELATESOFMOSQUITOLARVAEDENSITYANDSURVIVORSHIPIN

SOMENORTHERNCALIFORNIARICEFIELDS

MarkandrecapturetechniquesappliedtoCulextarsalis
larvaeinenclosedsectionsofsixricefieldsinEastNicholas
SutterCountyrevealedstrikinginterfielddifferencesin
larvalsurvivorshipRicefieldsthathadhighnaturalpopula
tionsofmosquitoesdisplayedhighlarvalsurvivorshipOver
awiderrangeoffieldsmosquitonumberswerenotconsist
entlyrelatedpositivelyornegativelytotheabundanceof
anyspecificpredatoryspeciesortotheabundanceofall
potentialpredatorsasagroupInoneseriesofsurvivorship
experimentspredatorsandcompetitorswereexcluded
fromthecageswhichcontainedintroducedCtarsalislar
vaeAlthoughpredatorsreducethesurvivorshipofmosqui
toesinallcagesthevarianceinlarvalsurvivorshipbetween

TJCaseandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616

ABSTRACT
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100controlfor53daysSubstantiallybettercontrolwas
obtainedwithsimilarandhigherratesintheartificial
basinsApreliminarycostanalysisofexpendituresbylocal
mosquitoabatementdistrictsforcontrolofcatchbasin
mosquitoeswasundertaken

Suchinformationwillbenecessaryindevelopingnew
controlmeasureswhichareeconomicallyfeasibleformos
quitocontrolinanurbansituationAdditionalinputfrom
localagenciesisbeingrequestedtothisend

fieldsisasgreatincageswithoutpredatorsasitisincages
withthem

Thissuggeststhatnutritionaldifferencesexistbetween
fieldsorthatdifferencesexistintoxinandorpesticide
levelsLaboratorybioassaysofwatersamplesfromfieldsit
uationsindicatedthatthelattertwofactorswerenotoper

atingFeedingratestudiesperformedinthefieldsindicated
thattheydifferedwithrespecttothedensityofparticles
onwhichmosquitoesfedChemicalanalysesoffieldwater
samplesindicatedthatCa andconductivelevelsalso
variedbetweenfieldsFieldswithhighnaturalmosquito
densitiesandsurvivorshiphadhigherCa conductivity

levelsandfasterfeedingrates



SURVEILLANCEANDDETECTIONOFAEDESSIERRENSISLUDLOW
RGarcia BSDesRochersandADTelford

ABSTRACT

AtrappingsystembasedonCOandrabbitshasbeen
showntobeverysensitiveforcollectionofadultAedes
sierrensisApplicationofthistechniquetoamosquito
abatementprogramforcontrolwasinitiatedPreliminary
resultssuggestthatthetrapwillbeusefulindelineating
areasrequiringcontrolac1ionaswellasmonitoringthe
effectivenessofacontrolprogramPositivecorrelations
weredeterminedbetweenmosquitoactivityandcomplaint
callsaswellastemperaturevariationsandcomplaintcalls
Studiesinanuncontrolledoakwoodlandindicatethat
adultfemalepopulationsernergeabout3weeksbeforethey
beginenteringtheCOrabbitbaitedtrapsThecorrelation

DivisionofBiologicalControlUniversityofCaliforniaBerke
leyCalifornia94720

2MarinCountyMosquitoAbatementDistrict201ThirdStreet
SanRafaelCalifomia94901
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betweencomplaintcallsandtrappingdataandemergence
suggestthatthisisabiologicalattributeofthespeciesand
notapeculiarityofthetrappingsystem

Studiesindifferentgeographicareasrevealedlargedif
ferencesinadultpopulationsItwasestimatedthatpopula
tionlevelsinresidentialareasofMarinare5to10times
lowerthanintheoakwoodlandareasofMarinwhichin
turnare5to10timeslowerthaninamixedconiferforest
oftheSierras

Patternsofmovementwereinvestigatedbymarkrelease
andrecapturemethodsAnextremelyhighrecapturerate
of40ofmarkedmosquitoeswasrecordedInaddition
thismosquitowasrecordedflyingfordistancesofoverone
mileThepreliminarydatathusfarsupportatheorythatin
forestedareasoftheSierraswherewildhostdensityislow
duringthesummerthemosquitomovesfromscattered
breedingsourcesuntilitlocatescentersofhostactivityand
thenbuildstoextremelyhighnumbers



Financialdisclosureandconflictofinterestareallpart
ofwhatwascalledProposition9whichwaspassedbythe
votersbyapproximately70intheJune1974primary
electionThisactcoveredmanyareas campaigndisclos
urelimitationsonexpendituresincampaignslobbyingre
gulationsauditingprovisionschangesinthestateballot
andconflictofinterestandfinancialdisclosureprovisions

Apersonmustnowregisterasalobbyistifasubstantial
orregularportionofhistimeisspentinfluencinglegislative
oradministrativeactionUndertheformerlawlobbying
wasgenerallyconstruedtobedealingwiththelegislature
butProposition9broughtintothelawtheconceptofad
ministrativeactionwhichincludescontactswithofficials
ofstateagenciesIfapersondealswithanystateleveloffi
cialfor40ormorehoursinanytwoconsecutivemonth
periodsorreceives1000ormoretosupportsuchactivi
tieshemustregisterasalobbyistThelawexemptsstate
employeesfromtherequirementofregisteringbutdoes
notexemptcountycityorotherlocalofficialsoremploy
eesThislawhoweverdoesnotapplytoelectedofficials

ToregisterasalobbyistoneshouldwritetotheSecre
taryofStatefromwhomhecanobtaina1pageformon
whichhewilllisthisnamehisaddresshisemployerand
forwhichagenciesheintendstolobbyLobbyingwithout
registeringcanbeamisdemeanorwhichcanbecausefor
removalfromofficeThereisa2500feeforregistering
asalobbyistAlobbyistincurscertainprohibitions he

cannotspendmorethan1000permonthonanypublic
officialhecannotcontributetoanypoliticalcampaignhe
mustdisclosewhatmoneyhespendsasalobbyist

CONFLICTOFINTEREST

ScottThorpe

CaliforniaStateAttoneyGeneralsOffice
SacramentoCalifornia91914
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Conflictofinterestincludesthegeneralrequirement
thatnopublicofficialatanylevelofstateorlocalgovern
mentmayparticipateinorinanywayusehisofficialposi
tiontoinfluenceagovernmentaldecisioninwhichhehasa
financialinterestunlesssuchparticipationislegallyre
quiredAfinancialinterestincludesitemssuchasadirect
investmentinabusinessentityworthmorethan1000or
inrealpropertyworth1000ormoreorreceiptof250
permonthincomeTheresultofaviolationofthesepro
visionscouldbeacitizenoradistrictattorneyinjunctive
reliefprohibitingthatdecisionfromgoingforwardorin
certaincasesthedecisioncouldbevoided

AnotherpartofProposition9isfinancialdisclosurefor
certainpublicofficialsMosquitoabatementdistricttrus
teesdonotcomeunderthissectionThoseofficialswhodo

areelectedstateofficialsmembersofBoardsofSupervis
orsthechiefadministrativeofficersofcountiesandcities
mayorscitymanagersandmembersofcitycouncils

Everygovernmentagencyincludingmosquitoabate
mentdistrictswillhavetodevelopaConflictofInterest
Code ThisCodedoesnothavetobedeviseduntilApril
1976Ifadistrictpresentlyhassuchacodeitwillbeappli
cableatthattimeTheCodemusthereviewedbyaCode
ReviewingBody Ifadistrictincludesterritoryonlywith
inonecountythebodythatreviewstheConflictofInter
estCodewillhetheCountyBoardofSupervisorsHowever
ifthedistrictcrossescountylinestheReviewingBodyis
nottheBoardofSupervisorsbuttheFairPoliticalPractices
CommissionsetupinSacramentotooverseeallofProposi
tion9



REVIEWINDEPTHOFTHESTATELEGISLATIONDURINGTHEPASTYEAR

LRBrumbaugh

SanJoaquinMosquitoAbatementDistrict
PostOfficeBox1835StocktonCalifornia95201

TherecentpassingofGardnerMcFarlandwasagreat
losstoallofusThelossisevengreaterinthatheacquired
personalfriendshipswithmanyofusinprivatelifeHewill
bewellrememberedforhismanycontributionstothe
Associationovertheyears

During1974ChairmanMcFarlandoftheCMCALegisla
tureCommitteeandmembersofthiscommitteetriedto
reviewover5000billsintroducedduringthelegislativeses
sionQuiteobviouslythepurposeofthisreviewwasto
determinewhichbillswouldbedetrimentalorbeneficialto

mosquitocontroloperationsOfthe5000plusbillsintro
ducedonly1545werepassedandbecamelawOfthese
1545onlyafewwereconcernedwithmosquitoabate
mentdistrictoperationsUndoubtedlythesefewmaycause
someinconvenience increasedcostsinmosquitocontrol
orproblemsinthefutureTheseareasfollows

TherewereabouttenlawchangesintheCountyand
StateRetirementSystemsMostofthesechangeswereaddi
tionalbenefitsforemployeeswhichwillhavesomeeffect
onDistrictpremiumcosts

AB2528 StateHolidaysMarch7ArborDayhas
beendeclaredasaStateHoThismightpresentsome
problemsinthefutureformosquitoabatementdistricts

AB2546 PesticideChemicalResiduesThislawpro
hibitstheharvestingofanyproducethatcarriessprayresi
duesinexcessofpermissibletoleranceasestablishedbythe
DirectorofFoodandAgricultureWedonotbelievethis
willpresentaproblemhoweveritwoulddependuponhow
thislawisadministered

AB2792 SpecialDistrictPropertyTaxationThisact
requirestheBoardofTrusteesorDirectorsofanyspecial
districtstofurnishtheBoardofSupervisorsbeforethefirst
dayofAugustcertaininformationregardingDistrict
financesbeforeataxrateisset

AB2022 EmploymentPracticesItwouldnowbe
unlawfulforaDistricttodiscloseinformationastorace

religioncreedcolornaturaloriginorsexunlesspermis
sionisgrantedbytheemployeePerhapsweshouldreview
ourapplicationblanksforrevisionifnecessarytocomply
withthisnewlaw

AB2541 AgriculturalPestControlLicenseThislaw
includesavarietyofrequirementsforanagriculturalpest
controlbusinesslicenseSomeofthedifferentrequirements
areapplicationforlicensedemonstrationofabilityto
conductapestcontroloperationandknowledgeofnature
andeffectsofthematerialsusedinpestcontrol

AB2543 AgriculturallPestControlOperatorsLi
censeProhibitsissuanceorrenewalofpestcontroloperat
orslicenseunlesscoveredbyWorkmensCompensation
InsuranceorselfinsuredThismeansthatbeforealicense
isissuedtheapplicantwouldhavetoprovetotheDirector
ofFoodandAgriculturethathehasinsurancecoverage

AB3197 LocalHealthDepartmentPermitsCounty
BoardofSupervisorsandLocalHealthDistrictBoardto
transferupontheconcurrenceoftheDirectoroftheState
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DepartmentofPublicHealthtoaCountyAgencythe
functionofprovidingenvironmentalhealthandsanitation
servicesWhensuchatransferoffunctionismadethe
CountyAgencymustemployaDirectorofEnvironmental
HealthwhoisaregisteredsanitarianAlsotoemployan
adequatenumberofregisteredsanitarianstocarryoutsuch
services

AB3713 HelicopterLandingSitePermitsPermitsthe
DepartmentofTransporationtoissuepermitsforthirty
daysfortemporaryhelicopterlandingareasMaydelegate
thisauthoritytoapoliticalsubdivisionandsuchagency
maychargeafeeforissuanceofsuchpermitsThoseagen
cieswhohavehelicoptersshouldinvestigatethislawfur
ther

SB1340 FinancialDisclosureRelatestoconflictof
interestandfinancialdisclosurebycertainpublicofficials
Sofarboardmembersofmosquitoabatementdistrictsare
exempt

SB1508 BiddingRequirementsExemptslocalagen
ciesfromcompetitivebiddingrequirementsonpurchasesor
contractsforthepurchaseofgasolinedieselfuelandother
petroleumproducts

SB1553 MosquitoAbatementPermitstheBoardof
SupervisorsuponconcurrenceoftheCountyHealthOfficer
providingsuchservicetotransferalloranyportionofthe
functionofprovidingvectorcontrolservicetoanymosqui
toabatementdistrictWeunderstandthatthiswasrecom
mendedtoeliminateanyquestionsastothelegalityofsuch
anarrangement

SB1918 PestAbatementCountiesPermitscounties

toprovidethesameservicesasamosquitoabatementdis
trictwithintheunincorporatedandincorporatedterritories
ofthecountybutrequiresthatbeforeexercisingsuch
authoritywithinanincorporatedterritorytheconsentof
thecitycouncilmustfirstbeobtainedandapublichearing
beheldonsuchproposalbeforefinaladoption

TheCaliforniaMosquitoControlAssociationformally
opposedthisbillandtheonlychangewewereabletoef
fectwastherequirementoftheBoardofSupervisorsto
haveapublichearing

Theregulationspertainingtoworkerssafetyinvolving
insecticidestheCalOSHAlawsEPAregulationsandthe
USFairLaborStandardsActarealllawsthatwillproba
blypresentmanyproblemsandinconvenienceinmosquito
controloperationsTherequirementsoftheFairLabor
StandardsActwillaskDistrictstopaytimeandonehalf
foranyworkingtimeoverafortyhourweekTheprospects
ofchangingthislawlookveryremote

ThecontinualactivityofourStateLegislatureandthe
regulationsissuedbyStateandFederalGovernmentscom
pelsustokeepaclosewatchonnewproposalswhich
threatenmosquitocontroloperationsWemustinthefu
turebealertandwillingtoputsomeeffortintoprotecting
ourinterests



Myqualificationsforspeakingtoyouontheestablish
ingofdistrictpoliciesarebasedonbackgroundexperience
asmanagerofamosquitoabatementdistrictandmywork
infederalstateandlocalgovernmentalagenciesThishas
givenmetheopportunitytoassemblesomeofthepolicy
determinationsandproceduralguidesthathavebeendevel
opedbyvariouslocalagenciesIdliketoacknowledgethe
contributionsofContraCostaOrangeCountyandSan
JoaquinMosquitoAbatementDistricts

ThereareseveralcategoriesofpolicymakingSomeare
ofstructureandthereispossibleagreementamongagen
ciesonthesesomearesubjecttolawsandtheremustbe
agreementontheseThereisconsiderablesimilarityinper
sonnelpolicieswithpossibledifferencesinemployeebene
fitsThesamemightbesaidofpurchasingButinthecate
goryofsourcereductionforexamplethereiswidevaria
tionintheapplicationoflawwhichisrelativelyconcise
Therearealmostasmanyapproachestothisproblemas
therearecontrolagenciesAtanadministrativepractices
seminaronespeakeremphasizedthattherearethingsthat
musthedonethingsthatyoushoulddoandthingsthat
arenicetodo ManyoftheactivitiesoftheDistrictare
coveredundertheHealthandSafetyCodeIhaveprepared
anoutlinelistingthingswhichunderthelawmustbedone
andsomerefinementsunderthecolumnsshoulddo and

nicetodo Theformationofadistrictforexampleis
coveredunderSafetyCodeSections2210through2226
AppointmentoftrusteesiscoveredinSections2242
through2244Eachtrusteeappointedbythegoverning
bodyofthecityshallbeanelectorofthecityfromwhich
heisappointedandaresidentoftheportionofthecity
whichisinthedistrictEachmemberappointedfroma
countyoraportionofacountyshallbeanelectorofthe
countyandaresidentoftheportionofthecountywhich
isinthedistrictEachmemberappointedatlargeshallbe
anelectorofthedistrictInmosquitoabatementdistricts
arepresentativeofeachcityisappointedbythegoverning
bodyofthecityAtleastonerepresentativeatlargeshall
beappointedbytheboardofsupervisorsandallBoards
shallhaveatleast5membersSection2245stipulatesthat
therehestaggeredtermsofofficesothatallofthetrustees
donotgooutofofficeduringanyoneyearTherearea
fewpestabatementdistrictsinCaliforniadoingvectorcon
trolUnderSection2850intheHealthandSafetyCode
theBoardofSupervisorsshallappointahoardoftrustees
consistingofnotlessthanfivenormorethanninemembers
toactasthegoverningbodyofthepestabatementdistrict

Toreturntothemosquitoabatementdistrict addi

tionalsectionsintheHealthandSafetyCodeestablishthe
structureofboardoftrusteesandmeetingtimeandplace
Section2247saysthattheboardshallorganizebytheelec
tionofoneofthemembersaspresidentandoneassecre
taryInSection2248themembersofthedistrictboard
shallservewithoutcompensationbutnecessaryexpenses
ofeachmemberfortravelinconnectionwithmeetingsor
businessofthehoardshallbeallowedandpaidAmajority

BOARDPOLICYFORDISTRICTS

MarvinCKramer

CaliforniaDepartmentofHealth
VectorControlSection714PStreetSacramentoCalifornia95814
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ofthemembersshallconstituteaquorumforthetransac
tionofbusinessAllofitssessionswhetherregularorspe
cialshallheopentothepublicMembersofboardsoftrus
teesarebusypeopleanditstotheiradvantagetoconduct
themeetingswithasmuchdespatchaspossibleInconnec
tionwiththerequirementthatthemeetingsbeopentothe
public1recentlyheardMrKenDavisgeneralmanagerof
SacramentoMunicipalUtilityDistrictdescribethehappen
ingsinhisdistrictOriginallytheyhadaBoardmeeting
whichwasheldduringthedaywherebusinesswasconduct
edbythetrusteessittingaroundthetablerequiringproba
blyonehourSincethedistrictdecidedtobuildanuclear
plantwhichattractedaconsiderableamountofpublicin
teresttheBoardmustnowhaveeveningmeetingsthe
agendummustbepublishedinadvanceandtheyhavea
meetinginthemorningforfourhoursandintheevening
forfourhoursInthemorningtheydecidethemattersthat
aretobeconsideredandintheeveningtheyairtheseThe
meetingsareattendedbythepressandothermediaand
thereisalwaysavocalpublicthereMrDavisstressesthe
importanceofDistrictemployeesanddirectorsbeingactive
inserviceclubsandcarryingthemessageofthedistrictto
thoseclubsThreedaysagointheSacramentoUnionthis
articleappeared

SMUDRELEASESAGENDABACKGROUNDDATA

Inanapparentmovetoopenupinformationabout
itsactivitiestothepublicandtheBoardofDirectors
thestaffoftheSacramentoMunicipalUtilityDistrict
hasreleasedbackgroundmaterialonmostoftheitems
ontheagendaofThursdaysboardmeeting
Thematerialwassenttoboardmembersandnews

papersSMUDgeneralmanagerEKDavissaidother
copieswillbeavailableintheSMUDofficeat6201S
Streetforreviewbythepublicifanyoneinquires
Distributionofthematerialfollowsproddingbynews
papersanddemandsfromdirectorFredAndersonwho
severaltineshasrequestedmorebackgroundonequip
mentbidsandothersubjectstostudybeforeboard
meetings

MrDavisfeltthatthereisneedtoexpandpublicinfor
mationandpublicrelationsprogramsandtheDistrictpro
ducedamoviethatexplainstheoperationandtheprocess
ofratesetting

Youarerequiredtoallowthepublictoattendthemeet
ingshutyouarenotrequiredtoallowdisruptionofpublic
meetingsPenalCodeSection403providesinpartthat
Everypersonwhowithoutauthorityoflawwilfully
disturbsorbreaksupanassemblyormeetingnotunlawful
initscharacterisguiltyofamisdemeanorTheButte
CountyCounseldiscoveredthatin1970thelegislature
modifiedtheBrownActbyaddingSection549579tothe
GovernmentCodewhichprovidesthatintheeventameet
ingiswillfullyinterruptedbyagroupofpersonssoasto



rendertheorderlyconductofsuchmeetinginfeasibleand
ordercannotberestoredbytheremovalofindividualswho
arewillfullyinterruptingthemeetingthemembersofthe
legislativebodyconductingthemeetingmayorderthe
meetingroomclearedandcontinuethesessionOnlythe
mattersontheagendamaybeconsideredinsuchasession
Dulyaccreditedrepresentativesofthepressorothernews
mediaexceptthoseparticipatinginthedisturbanceshall
beallowedtoattendanyscssionheldpursuanttothissec
tionNothinginthissectionshallprohibitthelegislative
bodyfromestablishingaprocedureforreadmittinganindi
vidualorindividualsnotresponsibleforwillfullydisturbing
theorderlyconductofthemeetingIntheJanuary27
1975issueoftheSacramentoUnionthiseditorialappear
ed

IGNORANCEANEXCUSE
OPENMEETINGLAWCONTAINSFATALFLAW

TheRalphMBrownActgoverningsecrecyinpublic
meetingswasshownlastweektobeapapertiger
AsinterpretedbySacramentoCountyDistrict
AttorneyJohnPricetherecanbenoprosecution
unlessitcanbeshownthatpublicofficialsholdingan
illegalsecretmeetingknewtheywereviolatingthe
law

Thisindeedseemsafatalflawinthelawwhichwas
enactedtoprotectthepeoplesrighttoknowwhat
publicofficialsaredoing

FivemembersoftheSacramentoCityCouncil a

majorityofthatbody metforanunannouncedses
sionoverdinnerinadowntownrestauranttodiscuss

thecontroversialquestionofappointingabudget
analysttoadvisethecouncil

Pressandpublicwouldhavebeennonethewiser
ifacoupleofcouncilmembers whohappento
opposetheideaofhavingabudgetanalyst hadnot

blownthewhistleontheircolleaguesIncidentally
thatsituationmakesonewonderhowmanyother
illegalmeetingshavebeenheldwhentherewasno
divisionofopiniononthycouncillIntthatsnotthe
issuenow

Whatdisturbsthisnewspaper andshoulddisturb

thepublicsincetheBrownActisforitsprotection
istheloopholeinthelaw

Itbogglesapoorlaymansmindtoconsiderthelegal
technicalitythatadistrictattorneycannotactagainst
councilmembersinaclearlyrecognizedviolationwith
outproofthememberswereawaretheywereviolating
thelaw

TheHealthandSafetyCodecallsfortheelectionofa
presidentandsecretaryoftheBoardofTrusteesUnder
ShoulddoitisusualalsotoelectavicepresidentThe
districtshoulddescribethedutiesoftheofficersAndun
derNicetodo establishcommitteesgiveeachcommit
teeachargeestablishpolicyforrotationofofficersand
establishapolicyforattencanceatconferencesTheNice
todopoliciesarepersonalpreferencesandtheseare
moldedbythecircumstancessurroundingtheindividual
agency
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Inthechangingorderofoursocietyemployeerelations
employeeassociationsandlaborunionshavecommandeda
muchlargeramountoftheattentionofthegoverning
bodiesofgovernmentinstitutionsGovernmentCodeSec
tion3502saysthatexceptasotherwiseprovidedbythe
legislaturepublicemployeesshallhavetherighttoform
joinandparticipateintheactivitiesofemployeeorganiza
tionsoftheirownchoosingforthepurposeofrepresenta
tiononallmattersofemployeremployeerelationsPublic
employeesalsoshallhavetherighttorefusetojoinorpar
ticipateintheactivitiesofemployeeorganizationsand
shallhavetherighttorepresentthemselvesindividuallyin
theiremploymentrelationswiththepublicagency

Section3503Recognizedemployeeorganizationsshall
havetherighttorepresenttheirmembersintheiremploy
mentrelationswithpublicagencies

Section3504Thescopeofrepresentationshallinclude
allmattersrelatingtoemploymentconditionsandem
ployoremployeerelationsincludingbutnotlimitedto
wageshoursandothertermsandconditionsofemploy
mentexcepthoweverthatthescopeofrepresentation
shallnotincludetheconsiderationofthemeritsnecessity
ororganizationofanyserviceoractivityprovidedbylawor
executiveorder

Section35045Exceptincasesofemergencythegov
erningbodyofapublicagencyandboardsandcommissions
designatedbylawshallgivereasonablewrittennoticeto
eachrecognizedemployeeorganizationaffectedoranyor
dinanceruleresolutionorregulationdirectlyrelatingto
matterswithinthescopeofrepresentationproposedtobe
adoptedbythegoverningbodyorsuchboardsorcommis
sionsandshallgivesuchrecognizedemployeeorganization
theopportunitytomeetwiththegoverningbodyorsuch
boardsorcommissions

Section3505Thegoverningbodyofapublicagencyor
suchhoardscommissionsadministrativeofficersorother
representativesasmaybeproperlydesignatedbylaworby
suchgoverningbodyshallmeetandconferingoodfaithre
gardingwageshoursandothertermsandconditionsofem
ploymentwithrepresentativesofrecognizedemployeeor
ganizations

Thisgreaterparticipationofpublicemployeesinlabor
organizationsofvariouskindshaditsbeginningsin1969
PresidentNixonsignedExecutiveOrder11491inthatyear
whichprovidednewgroundrulesonrepresentationandun
fairlaboractswithinthefederalgovernmentInCalifornia
theMeyersMiliasBrownActofJanuary1969wasthebe
ginningofCaliforniaspubliclaborrelationshistoryThere
havebeenindicationsthatfurtherlegislationdealingwith
thissubjectareinprospectforthisyearThelegislatureand
thegovernorhavegoneonrecordasfavoringcollectivebar
gainingforpublicemployeesInorderforadistrictnotto
becaughtunpreparedbytheintrusionofanemployeeasso
ciationoralaborunionitshouldestablishpersonnel
policythatoutlinesaplandescribingworkingconditions
Forexampledaysperweekandhoursperdaynumberof
holidayssalariesvacationandsickleaveallowancemedi
calplaninsuranceandretirementplanThisplanshould
heamatterofrecordArepresentativeofalaborunionsaid
thathelookedupongovernmentalorganizationsasChris
tiansinalionsdenandthatwhenhewishedhecouldgo
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ShoulddoLaws

FormationHealth SafetyCode
Sections22102226 28222836

AppointmentofTrusteesHSCode 22422244

2850

GovernmentCode 1021

Trusteeshallnotbeacriminal
StaggeredtermsofofficeHSCode2245
ElectpresidentandsecretaryHSCode2247
EstablishtimeandplaceofregularmeetingsHS2250
MeetingsopentothepublicHS2252
MajorityconstitutesaquorumHS2253
AuditCountyauditorGovernmentCode26909
FilingofbudgetGovtCode26911

ReimbursementofexpensesforattendingBoardmeetings
HSCode22482851permissive

PurchasesuppliesH S2270permissive
GovtCode5420154204policymandatory

BoardpowersH S2270229228502855permissive
NuisanceH S227128005PenalCode370375

SourcereductionH S2274228928572868permis
siveexceptfornotificationoflandownerandthe
holdingofhearings

LaborrelationsGovtCode35023511

LaborCode132a2242257329232924

ConflictofinterestGovtCodeSections10901120
12221360136982011820488710087103
3720787300873129100091012PenalCode70

SafetyAdministrativeCodeTitle8AB150Stateenforce
mentagencyistheDivisionofIndustrialSafetyof
theDepartmentofIndustrialRelations

InsuranceGovtCode9904permissiveselfinsurance
orfromindustry

Reportsofandreviewoftheenvironmentalimpactofpro
jectsCalifEnvironQualityActDivision13Chapt
16Sections2100021165

ConstraintsuponwatermanagementRiver HarborAct

of1899Sect1030115133USC403
NationalEnvironmentalPolicyActSect404
SFBayConservationandDevelopmentCommission
GovtCode66600etseq
CoastalZoneConservationCommissionPublicRe
sourcesCode2700027428

StatelandsCommissionPublicResourcesCode
61088558

Fish GameCommission Code160016025

PorterCologneWaterQualityControlAct
1330013350

Determineobjectivesof
theDistrict havethem

onfile

Electavicepresident
Describethedutiesof
officers

Establishsalaryschedule
Settravelreimbursement

Budgetreview
Establishrulesofprocedur
forBoardMeetings

Establishamountofreim

bursementforattending
Boardmeetings

Haveonfileapolicy
statementdescribing
purchasingprocedures

Establishapolicywith
regardtothetypeof
programwhichtheDis
trictshouldpursueand
theendpointtowhich
negotiationsshouldgo
Developproceduresto
implementthecourse
thatischosen

Establishapersonnelpolio
andsalaryscheduledes

cribingpreciselyworking
conditionsgrievance
proceduresholidays
vacation sickleave
overtimeallowanceif
anymedicalinsurance
lifeinsuranceretirement
plan

Becompletelyknowledge
ableaboutlimitations

ofthelaw

Knowtherequirementsof
thelawandcorrect

faultyplantequipment
vehicles

Getpublicliabilityvehic
lefireandburglaryinsur
ance

Establishapolicyfor
handlingenvironmental
impactreports place
itonfileintheDistrict

Getanexemptionfrom
thevariousrestrictive

requirementsornegotiate
longtermpermitsin
advanceofneeds
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Nicetodo

Establishcommitteeseg
budgetfinancepolicyproperty

buildingvehicle equipment
interagencypersonnel salary

Giveeachcommitteeacharge
Establishapolicyforrotationof
officers

Displaynational stateflags
Recitethepledgeofallegiance
Haveinformationonthebusiness

tobeconductedatthemeetings
agenda reports recommen

dationsofspecialcommittees
mailedtoBoardmembersin

advanceofmeetings

Haveacounselonretaineror

havereadyaccesstocounty
counselofdistrictattorney



outthereandgobbleupthoseChristiansObviouslyina
confrontationbetweentheBoardofTrusteesandrepresen
tativesoftheUniontheTrusteeswillbeatadisadvantage
simplybecausetheyarenotinthehabitofdealingdaily
withthesenegotiationswhereaslaborunionleadersareTo
precludeputtingyourselfintoabadpositionastatement
ofpolicyisveryimportant

ThepassagelastyearofAssemblyBill2862adding
powerstopestabatementdistrictsgaveessentiallythe
samepowerstoBoardsofTrusteesofbothmosquitodis
trictsandpestabatementdistrictsAttorneyswhohavehad
occasiontobecomefamiliarwiththelawandthegranting
ofthepowerstotheBoardofTrusteeshavebeenamazedat
thebreadthandstrengthofthesepowersSections2270to
2292oftheHealthandSafetyCodegivethesepowersto
mosquitoabatementdistrictsSections2855to2868grant
themtotrusteesofpestabatementdistrictsThedistrict
boardmaytakeallnecessaryorproperstepsfortheex
terminationofmosquitoesfliesorotherinsectsorabate
asnuisancesallstagnantpoolsofwaterandotherbreeding
placesformosquitoesfliesorotherinsectspurchasesuch
suppliesandmaterialsasmaybenecessaryorproperin
furtheranceoftheobjectsofthischapterbuildconstruct
repairandmaintainnecessarydikesleveescutscanalsor
ditchesmakecontractstoindemnifyorcompensateany
owneroflandorotherpropertyforanyinjuryordamage
enteruponwithouthindranceanylandswithinorwithout
thedistrictforthepurposeofinspectiontoascertain
whetherbreedingplacesofmosquitoesfliesorotherin
sectsexistuponsuchlandsortoabatepublicnuisancesin
accordancewiththisarticlesellorleaseanylandborrow
moneyinanyfiscalyearandrepayitinthesameyearorin
thenextensuingfiscalyearissuewarrantspayableatthe
timestatedthereintoevidencetheobligationstorepay
moneyborrowedoranyoyherobligationincurredbythe
districtprovideacivilservicesystemforanyorallemploy
eesofthedistrictTheBoardcanassesscivilpenaltiesas
determinedbythediscreticnoftheboardbutnottoex
ceed500perdayforeachdaythatanoticeorhearing
ordertoabateanuisancehasnotbeencompliedwithand
doanyandallthingsnecessaryorincidenttothepowers
grantedbyandtocarryouttheobjectspecifiedinthis
chapter

Anybreedingplaceformosquitoesfliesorotherinsects
isapublicnuisanceAnuisancemaybeabatedinany
actionorproceededbyanyremedyprovidedbythis
chapteroranyotherlawWheneveranuisancespecifiedin
thischapterexistsuponanypropertythedistrictboard
maynotifyinwritingtheownerorpartyinpossessionor
theagentofeitheroftheexistenceofthenuisanceThe
contentsofthewrittennoticeshallconformtotherequire
mentofSection2275Sections2275through2281des
cribedtheproceduresthatshallbefollowedinconnection
withnotificationandhearinggrantedtotheviolatorSec
tion2282Intheeventthatthenuisanceisnotabated

withinthetimespecifiedinthenoticeoratthehearing
thedistrictboardmayabatethenuisancebydestroyingthe
larvaeorthepupaeandbytakingtheappropriatemeasures
topreventtherecurrenceoffurtherbreedingSection
2283Thecostofabatementofanuisanceshallberepaid
tothedistrictbytheowneroftheproperty

ThusthelawgivestheBoardofTrusteestremendous
powerforreductionoreliminationofsourcesofvectors
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Thesepowersarepermissivetheyarenotrequiredbythe
lawSoitbehoovestheBoardofTrusteestoestablisha
policyforthedirectioninwhichtheywishtoeffectthere
ductionofvectorsourcesTheprocedurebywhichthese
policiescanbecarriedoutvaryfromdistricttodistrictand
havebeenworkedoutingreatdetailbyanumberofthe
districtsdependinguponthepolicyestablishedInsome
districtsforexamplethepolicyistogothefulllimitof
thelawtogivenoticetoviolatorsandprovidehearingop
portunitiesandthenifthereisnotcompliancetoinflict
thefullweightofthelawandthefullpenaltyonthevio
latorsAttheotherextremearedistrictswhosepolicyitis
nottorequirethereductionoreliminationofsourcesbut
rathertoattempttoeffectcontrolsthroughthedistricts
effortsonlyItsunderstandablethatthereshouldbea
varietyofapproachestothisproblembecausenotwo
districtsareexactlythesameHoweverIhavehereforyou
examplesoftheproceduresinforcebyanumberofdis
trictsIhavepreparedapacketofhandoutsthatincludes
excerptsfromtheCaliforniaHealthandSafetyCodea
checklistofitemsrequiringBoardactionandthefrequen
cyofoccurrenceoftheseitemsbyJackKimballfromMos
quitoNewsVolume26No3Sept1966asuggestedpur
chasingpolicyanddistrictfundinvestmentpolicyestab
lishedbyaCMCAcommitteeanopinionontheconflicts
ofinterestunderproposition9byanattorneywhohad
beenretainedbytheAssociationofCaliforniaWaterAgen
ciesTheissueofpossibleconflictofinterestwillbecover
edingreaterdetaillaterthismorningAlsoincludedarethe
conclusionsofapaperbyWilliamTSweigertwhoisan
attorneyforArcadeCountyWaterDistrictinapaperthe
titleofwhichisANewConcept TheExpenditureof
WaterAgencyFundsforthePurposeofCompilingandDis
seminatingInformationConcerningtheBenefitsandthe
ConceptoftheDistrictFormofLocalGovernment

HisconclusionisAlegislaturewhichtoooftenhas
harboredproposedlegislationwhichwouldseverelyrestrict
eventotallyabolishtheindependenceoftheDistrictform
ofgovernmenthasseenfittoedifycertainwateragencies
byrecognizingthattheydopossessrightsandproperties
andengageinactivitiesThisisaccordingtothestatutesof
1972Chapter330CaliforniaWaterCodeSections22235
31011and35411ToquoteGivenadistrictwiththeex
pressstatutorypowertodisseminateinformationtothe

publicconcerningthesethreeattributesisntitalogicalim
plicationinherentinthatgrantthatthepowerexiststo
expandpublicfundsforthepurposeofcompilinganalyz
ingandpreparingsuchinformationinproperformfordis
seminationtothepublicaswellasforthecostsofthe
actualdissemination InMunicipalCorporationsSection
209Thepowerofamunicipalitytoexpendthefundsas
forapublicpurposetosenddelegatestoaconventionof
amunicipalleagueortopayexpensesofpublicofficersin
attendingotherconventionsorconferencesforthepurpose
ofobtaininginformationoreducationofvalueinthepublic
interesthasbeenupheldSeealsoPowellvsCityand
CountyofSanFranciscoSuperaItissuggestedthatthe
timehasarrivedlegallypracticallyandphilosophicallyfor
districtsandtheirelectoratestospeakoutindefenseof
theirlocalgovernmentandassertintheabsenceofacon
stitutionalorlegislativeabolitionofallDistrictgovernment
thatcombinedtheypossessthesolerightandpowerto
determinetheirsurvivalordemise



Inadditiontogreaterattentiontolaborconsiderations
conflictsofinterestandpublicinformationthereismore
attentionbeingpaidnowtosafetyregulationsAfederal
lawwaspassedcommonlyreferredtoasOSHAOccupa
tionalSafetyandHealthActandthisprescribedthatcer
tainsafetymeasureswouldbemetinallplacesofemploy
mentandthatifthestatedidnotpassmeasuresthatwere
atleastasstringentasthefederallawthefederalagencies
wouldcomeinandenforcethesafetyrequirementsIn
ordertomeetthestatesresponsibilityinthisareathe
legislaturepassedbillsnowincludedinTitle8ofthe
CaliforniaAdministrativeCodeinwhichthesafetycondi
tionstowhichgovernmentalagenciesmustcomplyare
spelledoutTheOccupationalHealthSectionoftheCali
forniaDepartmentofHealthactsasconsultantsforthe
safetymeasuresrelatedtohealththataretobeinstalledin
governmentalagenciesEnforcementoftheseisbythe
DivisionofIndustrialSafetyoftheCaliforniaDepartment
ofIndustrialRelationsThelawbecameeffectiveinJanu

ary1974butfirstattentionisbeingdirectedatprivatein
dustrysothereisalittlebreathingspellforgovernmental
agenciesHoweveritisveryimportantthatgovernmental
agenciesbringtheirplacesofemploymentuptostandardin
anticipationthattheywillcomeunderclosescrutiny

Environmentalistshavepromotedfederalandstatelaws
thatrequireanenvironmentalimpactstatementorreport
onactionsthatmighthaveaneffectupontheenvironment
Anyonewhowantstobuildaprojectordigaditchordo
anythingthatmightproduceachangeoftheenvironment
oranyonewhoreviewssuchaprojectmustadoptbyordi
nanceresolutionruleorregulationsobjectivescriteria

163

andproceduresfortheevaluationofprojectsandthepre
parationofenvironmentalimpactreportsTheobjectives
criteriaandproceduresshallbeconsistentwiththeprovi
sionsofthelawandwithguidelinesTherehasbeenapro
fusionofEIRsProponentsofprojectshavespentlarge
sumsofmoneyforthepreparationofEIRsBusinessfirms
ofEIRconsultantshavesprunguptodothepreparationof
thereportsNowtheguidelinesarebeingchangedandnew
objectivescriteriaandproceduresmustbeadoptedby
AprilFortheprotectionofyourDistrictyoushouldhave
onfileapolicystatementoftheintentoftheDistrictfor
thehandlingofEIRs

Theprogressivereductionoreliminationofsourcesof
mosquitoeshasalwaysbeenachallengingenterprisebutre
centlyseveralgovernmentalagencieshaveconsiderably
addedtotheburdenMostofthemareconcernedwith
coastalareasbecausethoseareasseemtobemoresensitive
egtheSFBayConservationandDevelopmentCommis
sionandCoastalZoneConservationCommissionconfine

theiractivitiesexclusivelytothecoastandalloftheother
agenciesareactivethereHoweverallareasofthestateare
subjecttorestrictionsbysomeoftheagencies

Thelawsunderwhichtheseagenciesoperaterequireper
mitsforanyalterationoftheenvironmentandacquisition
ofthepermitsisextremelytimeconsumingTimingisim
portantinmosquitocontrolandinterferencewiththe
orderlyconductofurgentDistrictoperationsisdisruptive
andcounterproductivePoliticallythisisabadsituation
alsointhatonepublicagencyismakinganotherpublic
agencylesseffectiveattheexpenseoftheindividualwhois
supportingbothagencies



EVALUATIONOFINSECTGROWTHREGULATORSAGAINST

CHIRONOMIDSINEXPERIMENTALPONDS

MirSMu11aandHusamADarwazeh

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92502

Theimportanceandmagnitudeofthechironomidmidge
probleminCaliforniaingeneralandsouthernCaliforniain
particularwasdescribedbyMullaandKhasawinah1969
andMullaetal1971Mostoftheconventionalchemicals
forthecontrolofmidgesinfloodcontrolchannelsresiden
tialandrecreationallakessewageoxidationpondsand
waterspreadingbasinswenfoundtobeeitherineffective
duetoresistantbuildupinthepopulationorundesirable
duetohighcostsandhighlevelsoftoxicitytonontarget
organismsandwildlifeinmidgebreedingsourcesMulla
etal1974Pelsueetal1974Severalmosquitoabatement
districtswithlargemidgepopulationsexpressedtheneed
fornewtechniquesandmaterialstocontrolthesenuisance
insectsinurbansituationsPelsueetal1974

RecentevaluationofIGRsforthecontrolofchirono
midmidgesinrecreationallakesfieldplotsandwater
spreadingbasinsyieldedencouragingresultsandthefuture
outlookfortheuseofIGRsasmidgecontrolagentslooks
promisingMullaetal1974Anumberofthesematerials
showedhighactivityagainstthetargetmidgeswithlittleor
noeffectonnontargetssuchasmicrocrustaceansaquatic
predatoryinsectsandmosquitofishMullaetal1975
Thesedesirablecharacteristicsareimportantfactorsinthe
developmentofpromisingGRsforthecontrolofmos
quitoesandnuisanceaquaticmidgesThefollowingstudies
thereforewereundertakentoevaluatethemosteffective
materialsandtodeterminethebestformulationsofsome
IGRsagainstaquaticmidgesinexperimentalponds

METHODSANDMATERIALSThesestudieswerecon

ductedattheaquaticresearchfacilitiesatOasisintheCoa
chellaValleyofsouthernCaliforniaandattheUniversity
ofCaliforniainRiversideThesefacilitiesaredescribedby
Mullaetal1974MidgesbreedinginpondsintheCoa
chellaValleyconsistedmostlyofParalauterborniellaand
TanytarsusspecieswhileTanytarsuswaspredominantin
Riverside

Emulsifiableconcentrateswettablepowdersgranules
microencapsulatedformulationsoftheIGRswereapplied
atratesindicatedinthetablesTherequiredamountsof
wettablepowdersemulsifiableconcentratesandmicroen
capsulatedformulationsweremixedwith100mlofwater
andappliedtothewatersurfacewithaplasticsqueezebot
tleThefourgranularformulationsofTH604005 were

appliedbyhandfromthemiddleofthepondMaterials
evaluatedinclude

HE241083Butyn2ylNpchlorophenylcarbamate

MethopreneorAltosid isopropyl11methoxy3711
trimethyldodeca24dienoate

DimilinTH6040 14chlorophenyl326difluro
benzoylurea

R20458144ethylphenoxy67epoxy37dimethyl2
octene
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RO103108 67Epoxy3ethyl1pethylphenoxy 7

methylnonanecistransmixture
CGA13353 44benzylphenoxy3methyl2butenoic

acidethester

WatertemperatureintheCoachellaValleypondswas
measuredcontinuouslyduringeachexperimentbyaTemp
scriberemotereadingthermographwithitsprobeplacedat
thebottomofoneofthepondsWaterpHintheponds
rangedfrom8697

Twoormorematerialswereevaluatedatatimeatsev
eraldifferentratesusing2pondsperapplicationrateand
2pondsaschecksineachtestMethodsutilizedforlarval
andadultemergenceassessmentsaredescribedelsewhere
Mullaetal19741975

LarvalAssessmentBenthicchironomidmidgelarvae
weresampledbytaking2bottommudsamplesfromeach
pondwitha165inscraperThemudsamplewaswashed
througha50meshscreensieveandtheresidueonthe
screenwastransferredtoplasticcupsThemidgelarvae
werefloatedfromtheresiduebyaddingsaturatedsolution
ofMgSO4ThelarvaewerecountedandgroupedintoChi
ronominaeandTanypodinae

AdultEmergenceAssessmentEmergenceofChirono
midmidgeswasassessedbyplacingoneemergencecylinder
ineachpondfittedwithacollectionchamberatthetop
Every48hoursthecollectionchamberswerecollectedand
storedinanicechestandtransportedtothelaboratoryfor
countingandidentificationTheemergencecylinderswere
washedandmovedtoanewspoteachtimeSpeciespresent
inthepondsduringeachtestareshowninthetablesalong
withwatertemperaturematerialsformulationsandrates
ofapplicationPercentinhibitionofemergenceofadults
wascalculatedbytheformula E1 100 C1X

TI

T2100asutilizedinotherstudiesMullaetal1971
C2

whereCl Noofadultsinthecheckplotpriortotreat
mentC2 Noofadultsinthecheckplotaftertreatment
T1 NoofadultsintreatedplotspriortotreatmentT2
Noofadultsintreatedplotsaftertreatment

RESULTSANDDISCUSSIONTH6040wasthemost

effectiveIGRtestedagainstchironomidmidgesinexperi
mentalpondsThe5percentemulsifiableconcentrateand
25percentwettablepowderformulationswereequallyef
fectiveandcompletelyinhibitedtheadultchironomid
midgeemergenceformorethan3daysattherateof01
lbAactualAttherateof005lbAthegranularformula
tionsofthismaterialPP106andPP108inhibitedmidge
emergencecompletelyforover3dayswhilePP107and
PP109weresomewhatlesseffectivebutreducedadult
emergencedrasticallyTable1Thesegranuleswereform
ulatedonflorexCelatomandemathliteThefinersize

formulationsPP106andPP108appearedtobemoreef
fectivethanthecoarseronesPP107andPP109



Table1EffectofvariousformulationsoftheIGRTH6040ontheemergenceofadultchironomidmidgesinexperimental

ponds

5 EC 0025 51

010 54

25 WP 0025 140

010 60

Check 113

Formulation

Rate Pre
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Averagenumberemergingadultstrap48hours
Material

Posttreatdays
and

formulation RatelbA Pretreat 23 EI 67 EI

Oasis June1973

7 92 79 2

0 100 56 1

45 81 195 1

0 100 51 1

Oasis April1974

PP10605G 005 51 0 100 14 78

2030florex

PP10705G 005 27 3 87 26 25

1530celatom

PP10805G 005 43 0 100 27 51

3060celatom

PP10905G 005 50 3 93 17 73

1530emathlite

Check 29 24 37

aPopulationmostlyParalauterborniellaandTanytarsusDailymeanminandmeanmaxwatertemperature7090inJune1973and72
91duringApril1974

Table2EffectofvariousformualtionsoftheIGRHE24108ontheemergenceofadultchironomidmidgesinexperi
mentalponds

Averagenumberemergingadultstrap48hours

lbA treat 23 E1 45 EI 78 EI

Oasis May1973

102

Posttreatdays

EC1 025 77 90 59 76 10 118 0

050 78 33 78 129 0 112 0

Check 92 175 101 130

Oasis FebruaryMarch1974

EC1 05 70 60 64 3 99 12 94

10 21 23 54 3 100 6 89

50WP 05 21 25 49 4 95 6 89

10 54 57 55 0 100 9 94

Check 28 6 97 74

aPopulationconsistedmostlyofParalauterborniellaTanytarsusOtheropecicspresentinsmallnumberincludedTanypusProcladiusand
ChironomusDailymeanminandmeanmaxwatertemperaturewas6789F

bPopulation asaboveDailymeanminandmeanmaxwatertemperaturewas5467
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Attheratesof02505lbAadultemergenceinhibi
tionwasmediocrewithHE24108Table2Howeverat
therateof0510lbAinhibitionofemergenceincreased
graduallyandalmostcompleteinhibitionwasachieved4
daysaftertreatmentwithbothformulations50WPandEC
1producingsimilarresultsAtbothrates05and10lbA
resultswerepromisingduringMarchbutwerepoorduring
themonthofMaywhenwatertemperaturereached89F

NeitherformulationofAltosidwaseffectiveagainstthe
chironomidmidgesintheexperimentalpondsattherateof
01lbAAltosidSR10AltosidSR1OFproducedsimilar
resultsandneithermaterialwassuperiortotheotheratthe
rateof01lbATable3Betterresultsmaybepossibleat
ahigherrate02505lbA

Attheratesof02505lbAvariousformulationsof
R20458wereineffectiveandadultemergenceinhibitionof
chironomidmidgeswasnegligibleTable4Poorresults
werealsoobtainedwithCGA13353andbothformulations
ofRO3108attherateof005and01lbAAtahigher
rate05lbACGA13353RO10310825 semigelled
andRO103108EC4produced7689and82percentinhi
bitionofchironomidmidgesrespectivelyRO103108semi
gelledformulationremainedactivefor6dayswhilethe
othertwomaterialswereactivefor34daysonlyTable5

TH6040aspreviouslyreportedMullaetal1975was
highlyactiveagainstlarvaeofvariousspeciesofchironomid
midgesAttherateof01lbATH604025 wettable

Formulation

Rate Pre

lbA treat 23 EI

Oasis March1974

SR10white 01 13 8 78

SR1OFblack 01 21 13 78

Check 10 28

Oasis May1974

SRIwhite 01 47 7 58

SR1OFblack 01 63 9 60

Check 129 46
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powderformulationeliminatedtheChironominaelarvae
completelyandreducedthenumberofTanypodinaelarvae
drasticallyformorethan8daysTable6Noreductionin
thenumberoflarvaewasapparentintheplotstreatedwith
HE24108andR20458attherateof025and05lbAAs
reportedearlierMullaetal1974TH6040actedasan
antimoltingagentagainstmosquitoesandbulkofthemor
talityinitiallyoccurredinthelarvalstageandsomeinthe
pupalandadultstagesThelargenumberofdeadadult
midgesfoundonwatersurfaceoftreatedpondswiththis
materialandHE24108afterafewdaysindicatelossof
effectivenessTheemergenceofadultsandtheirdeathon
thesurfaceisacluetonormalemergencewithin23days
thereafterindicatingtheneedforsubsequenttreatment
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Table3EffectofvariousformulationsoftheIGRAltosidontheemergenceofadultchironomidmidgesinexperimental
ponds

Averagenumberemergingadultstrap48hours

Posttreatdays

56 EI 78 EI

8 66 15 42

12 69 14 67

18 20

aPopulationmostlyTanytarsusandCricotopusdailymeanminandmeanmaxwatertemperature5874F

bPopulationmostlyParalauterborniellaandTanytarsusdailymeanminandmeanmaxwatertemperature7089F

46 0

38 0

23



Table4EffectofvariousformulationsoftheIGRR20458ontheemergenceofadultchironomidmidgesinexperiment
alponds

Formulation

F1

Check

Rate Pre

Averagenumberemergingadultstrap48hours

Posttreatdays

lbA treat 23 EI 56 EI 78 EI

Oasis May1973

025 95 49 0 127 0 230 0

050 161 39 81 64 64 245 0

92 175 101 130

UCR August 1973

EC4 05 74 39 27 11 73 5 71

FlThinwall 05 34 70 0 24 0 11 0

F1Thickwall 05 76 65 0 6 61 8 55

Check 69 50 14 16

Oasis November1974

EC4 05 92 44 40 52 14 23 53

2S 05 34 44 0 22 2 23 0

F1Thinwall 05 53 39 8 20 42 20 28

F1Thickwall 05 75 80 0 28 43 39 1

Check 55 44 36 29

aParalauterborniellaandTanytarsuswerepredominantDailymeanminandmeanmaxwatertemperature6789
bMostlyTanytarsusairtemp6595
Populationasinadailymeanminandmeanmaxwatertemp5465

Table5EffectofvariousIGRsontheemergenceofadultchironomidmidgesinexperimentalponds

Materialand

formulation RatelbA

Averagenumberemergingadultstrap48hours

Posttreatdays

Pretreat 23 EI 56 E1

CGA13353 005 23 54 0 120 0

EC33 010 104 177 0 269 0

025 101 27 75 87 53

050 31 8 76 56 1

RO103108 005 43 79 0 114 0

25 semigelled 010 16 23 16 43 0

025 105 25 77 66 66

050 18 2 89 8 86

RO103108 005 56 50 48 101

EC4 010 32 182 0 230

025 99 16 85 58

050 16 3 82 50

Checkl 58 99 106

Check2 18 19 33

aPopulationmostlyParalauterhorniellaandTanytarsusDailymeanminandmeanmaxwatertemperature7593
bTest1at005and010lbA
Test2at025and050lbA
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6

0

68

0



Table6Effectofvarious1GRsonthelarvalpopulationofchironomidmidgesinexperimentalponds

Averagenumbermidgelarvae165inmudsample preandposttreatdays

Chironominae Tanypodinae
Materialand

formulation RatelbA Pre 2 4 8 12 Pre 2 4 8 12

Oasis May1973

TH6040 001 51 27 9 19 31 4 10 11 12 22
25WP 0025 19 31 0 1 5 7 7 6 7 24

010 48 31 0 0 2 9 5 4 2 9

HE24108 025 17 13 21 40 40 6 4 8 14 25
EC1 050 48 73 29 33 44 8 8 12 25 23

R20458 025 37 70 73 38 45 5 7 9 24 34

EC1flow 050 43 48 35 36 34 6 6 9 13 34

Check 29 57 31 30 20 5 5 10 15 31

Oasis June1973

TH6040 0025 14 6 2 1 2 18 18 17 23 22

EC5 010 5 7 3 2 3 20 27 12 18 16

TH6040 0025 27 12 6 5 2 22 20 21 31 29
25 WP 010 11 14 4 2 2 13 23 13 26 20

Check 18 13 13 17 11 27 27 19 23 23

aDeadadultmidgesfloatingonwatersurfaceinlargenumber45daysaftertreatment
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EVALUATIONOFMOSQUITOADULTICIDESINIRRIGATEDPASTURES

USINGNONTHERMALAEROSOLS

HusamADarwazeh MirSMullaandRobertDSjogren

ABSTRACT

Cidialethylmercaptophenylacetate00diethylphosphoro
dithioateproducedgoodcontrolofadultpasturemosquitoes
AedesnigromaculisLudlowupto3omilewhenappliedatthe

rateof15ozminof14 activeingredientinlocomotivedieseloil

withanonthermalaerosolgeneratorThesyntheticpyrethroidsNIA
187395benzyl3furyl trans22dimethyl32methyllpro

Theneedforthedevelopmentofmosquitoadulticiding
agentshasbeendocumentedandthisworkhasbeenad
vancedbyMullaetal1972andSjogrenetal1973In
Californiaadulticidesarenowbeingusedextensivelywhere
insecticideresistanceexistsinthelarvalstagestomostcon
ventionalinsecticidesRamkeetal1969orwherelarval
controlisdifficulttoachieveduetothelargeexpanseof
mosquitobreedingsourcesWhitesell1973

Resultsofearlierfieldevaluationofsyntheticpyreth
roidsforthecontrolofthepasturemosquitoAedesnigro
maculisLudlowwerepromisingResmethrimorSBP1382
yieldedgoodcontrolofadultmosquitoeswhenappliedby
airattherateof005lbaiAin05galofARCOlarvicidal
oilMullaetal1972HoweverasreportedbySjogren
etal1973poorandinconsistentresultswereobtained
withthesamematerialwhenappliedwitha4nozzleMicro
genModelL475coldfoggerBetterresultswereobtain
edattherateof2830fluidozminof75ofSBP1382in
cottonseedoilthan105ozminof45ofthesamemater
ialinARCOlarvicidaloilHighratesasexplainedbySjo
grenetal1973causeddropletfalloutwhilelowratesof
dischargeproducedoptimumdropletsizeresultinginre
ducedfalloutyieldinggoodresultsforgreaterdistances
frompointofdischarge

ThenewsyntheticpyrethroidsNIA26021andNIA
18739andtheorganophosphorusmaterialphenthoateor
Cidialwerefastactingandhighlyeffectiveagainstlarvae
andpupaeofvariousmosquitospeciesDarwazehandMulla
1974Thefollowingstudieswereinitiatedtoevaluatethe
efficacyofthesethreematerialsforthecontrolofadult
mosquitoesAnigromaculisinirrigatedpasturesStudies
werealsoconductedtodeterminethemosteffectiverateof

dischargeouncesminfromanonthermalaerosolgenera
tor

METHODSANDMATERIALSEmulsifiableconcen

tratematerialsweredilutedwitheitherlightmediumspray
oilorwithlocomotivedieseloilandappliedwithafour
nozzlecoldfoggerMicrogenModelL475transported
onthetailgateofapickuptruckAllmaterialswereapplied
immediatelyaftersunset19002000atatimewhenA
nigromaculisactivityisatitspeak

UniversityofCaliforniaDepartmentofEntomologyRiverside
California92502

2FormerlyofKernMosquitoAbatementDistrictBakersfield
California93302andnowMetropolitanMosquitoControlCom
missionMinneapolisMinnesota
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penylcyclopropanelcarboxylateandNIA260215benzyl3
furylmethyl cis22dimethyl32methyl1propenylcyclopro
pane1carboxylatealsowerefastactingandhighlyeffectiveNIA
260217 inlightmediumsprayoilcontrolledadultmosquitoes

miledownwindattherateof36ozminNIA187397 in

thesamecarrierproduced95reductionofadultmosquitoesa
miledownwindattherateof22ozmin

ThesyntheticpyrethroidsNIA260215benzyl3furyl
methyl cis22dimethyl32methyllpropenylcyclo
propane1carboxylateandNIA187395benzyl3fur
ylmethyl trans22dimethyl32methyllpropenyl
cyclopropane1carboxylatewereevaluatedintheRindy
andPintailduckclubsarealocatedonBearMountainBoul
evard15milessouthofBakersfieldinKernCountyTest
areaconsistedofduckclubsirrigatedpasturescottoncorn
andalfalfafields275galsofNIA18739EC1weremixed
with25galsoflightmediumsprayoilandappliedatthe
rateof22ozminwiththevehicletravelingataspeedof4
MPHOnerunof2mileslengthfromnorthtosouthwas
made12MPHwesterlybreezeprevailedduringapplica
tioncarryingtheinsecticidalcloudeastwardoverthemos
quitoinfestedfieldsNIA26021EC1wasmixedinthesame
ratioinlightmediumsprayoilandappliedattherateof
36ozminmakinga1milerunfromnorthtosouthata
speedof5MPHWindvelocityanddirectionremainedun
changedaspreviouslydescribed

Populationassessmentwasconductedpriortotreatment
12and24hoursposttreatmentFoursamplingstations
025milesapartwereestablishedat30017603250and
5280feetfromthelineofdischargeandseveralsiteswere
sampledateachstationandtheaveragelandingcountcal
culated

TheorganophosphorusmaterialCidialEC4ethylmer
captophenylacetate00dimethylphosphorodithioatewas
dilutedineitherlocomotivedieseloilorinlightmedium
sprayoilAllCidialtestsinlocomotivedieseloilwerecon
ductedinRanchoSantaMariaSmithPastureinKern
CountywhileCidialinlightmediumsprayoilwasrunin
Sections3031southofBearMountainBoulevardwestof
theGoldenStateFreewayalongtheirrigationcanal15
milessouthofBakersfieldCidialpercentconcentration
rateofapplicationozminandsamplingstationsanddis
tancefromdispersalpointareincludedintables13Per
centreductionintheadultpopulationwascalculatedby
utilizingtheformuladevelopedbyMullaetal1971

RESULTSANDDISCUSSIONAttherateof22oz
minNIA187397 inlightmediumsprayoilproduced
8494percentinitialreductionofAnigromaculisforadis
tanceof14milefromthedischargelinePoorresults62
and27percentreductionrespectivelywereobtained34and
10milefromthedischargepoint24hoursaftertreatment
ThesameconcentrationofNIA26021inlightmedium
sprayoilappliedattherateof36ozminproducedcom
pletecontrolfor34mileand72percentreduction10mile



Table1FieldevaluationofsyntheticpyrethroidsEC1inlightmediumsprayoilforthecontrolofadultmosquitoes
Aedesnigronraculis

Rate

Adulticide ozmin

NIA187397 22

NIA260217 36

Distancefrom

discharge
pointfeet pretreat

300

1760

3520

5280

300

1760

3520

5280

44

293

88

41

9

10

8

7

8

21

20

18

T2

aR 100T1100whereT1 noofadultpretreatT2noofadultposttreat

frompointofapplicationTable1Thesepreliminaryre
sultsfromtheevaluationofsyntheticpyrethroidsasnon
thermalaerosoladulticidesshowedsomepromiseFromthe
datapresenteditseemsthat7concentrationofthese
materialsinthecarrierisnotsufficientforbestresults
Additionalstudiesontheevaluationofthesematerialsare

neededtodeterminethemostsuitablecarrieraswellasthe

mosteffectiverateozmin
DilutedCidial14 inlocomotivedieseloilyielded

goodcontrolofadultmosquitoesattherateof15ozmin
upto34mileCidialperformancewasnotimprovedwhen
concentrationpercentageanddeliveryratewereincreased
Table2Thesefindingssubstantiatethepreviouslymen
tionedresultsreportedbySjogrenetal1973

LevelofcontrolwasnothighwhenCidial26 inlight
mediumsprayoilwasdischargedattherateof14ozmin
Table3Thispoorperformancecouldbeattributedtothe
carrierratherthanthetoxicantResultsindicatethatloco

motivedieseloilisamorecitablecarrierfortheorgano
phosphorusmaterialCidialthanthelightmediumspray
oil
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Table2FieldevaluationofCidialEC4inlocomotivedieseloilforthecontrolofadultmosquitoesAedesnigromaculis
inirrigatedpastures

Distancefrom

Rate discharge
Adulticide ozmin pointfeet Pretreat 12

Averagenumberofadultslanding

Posttreathoursand reduction

R 24 Ra

Cidial14 15 300 22 1 88 1 88

1100 88 4 88 3 91

1900 60 5 78 3 87

2600 38 4 73 2 86

3000 25 3 69 1 90

3500 25 2 79 0 100

4000 150 10 83 8 86

4500 25 7 27 0 100

5280 20 5 35 20 0

Check 60 23 23

Cidial16 14 300 63 2 94 4 93

1320 50 3 89 20 57

2640 75 1 98 15 79

3960 50 20 26 50 0

5280 125 40 32 30 49

Check 188 101 175

Cidial16 32 300 225 15 94 12 98

1320 145 30 81 30 91

2 2600 126 71 44 32 89

Check 30 32 67

Cidial25 37 300 52 4 95 13 85

1320 63 27 74 42 60

2640 57 5 94 33 60

Check 23 38 33

C1T2

aR100 l
X

C2100whereClnoofadultpretreat incheckTi noofadultspretreatintreatedplotsC2noofadults

posttreatincheckplotsandT2noofadultsposttreatintreatedplots

Table3FieldevaluationofCidialEC4inlightmediumsprayoildischargedat14ozminforthecontrolofadultmos
quitoesAedesnigromaculisinirrigatedpastures

Distancefrom

discharge Posttreathoursand reduction

Adulticide pointfeet Pretreat 12 R 24 R

Cidial 300 18 4 78 2 89

600 20 4 80 6 70

900 35 18 49 12 66

1320 40 20 50 18 55

aForcalculationofreductionseefootnoteasinTable1
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CYCLOPSVERNALISCOPEPODACYCLOPOIDAANALTERNATEHOSTFOR

THEFUNGUSCOELOMOMYCESPUNCTATUS

BrianAFederici

UniversityofCalifornia
DivisionofBiologicalControlDepartmentofEntomologyRiversideCalifornia92502

AdultCyclopsvernaliscopepodsrearedinamediumwhichcon
sistentlyproducedlarvaeofAnophelesquadrimaculatusinfected
withCoelomomycespunctatushavebeenfoundtocontainuni

INTRODUCTIONFungiofthegenusCoelomomyces
PhycomycetesBlastocladialesareobligateparasitesof
mosquitoesandafewotheraquaticdipteraMostofthe
knownspecieshavebeendescribedfromlarvaeSporadic
epizooticscausedbythesefungihaveperiodicallyresulted
inhighmortalities90100 inlarvalpopulationsofAn
ophelesAedesCulexCulisetaandPsorophoramosqui
toesThischaracteristicstimulatedseveralearlyworkersto
attempttostudyseveralspeciesofCoelomomycesinthe
laboratoryundercontrolledconditionsLaboratoryinfec
tionshoweverprovedextremelydifficulttoobtainandas
adirectresultofthisuntilrecentlydetailedstudieson
CoelomomyceshavebeenhinderedTworecentreviews
Chapman1974Roberts1974attesttothedeficiencyof
ourknowledgeconcerningthesefungiinsuchimportant
areasasthelifecyclehostrangeandecologicalparameters
whichfavortheinductionofepizootics

Duringthe1960sCouch1968obtainedlaboratoryin
fectionofAnophelesquadrimaculatuswithCpunctatus
andsubsequentlyCouch1972developedatechniquefor
producingthousandsofinfectedlarvaeHepostulatedthat
thezoosporesreleasedfromsporangiawerethemosqui
toinfectiveunitsMorerecentlyFedericiandRoberts
19731975abobtainedlaboratoryinfectionswiththree
differentCoelomomycesmosquitosystemsCpsorophorae
varinAedestaeniorhynchusCpsorophoraevarinCuli
setainornataandCpunctatusinAquadrimaculatusand
basedonexperimentalstudieswiththesesystemstheysug
gestedthezoosporewasnottheinfectiveunitandhence
thatunknownalternatestagesexistedinmorecomplexlife
cyclesofthesefungiInanotherrecentandsignificantstudy
Whisleretal1974workingwithCpsorophoraevarin
CinornatafoundthatthecopepodCyclopsvernalisisan
obligatealternatehostforCpsorophoraeTheypostulated
thatthezoosporesreleasedfromsporangiainfectcopepods
andastagesubsequentlydevelopsinthecopepodwhich
producesmosquitoinfectivebiflagellatespores

Thepurposeofthispaperistopresentsomerecentre
sultswhichindicatethatthissamecopepodCvernalisis
alsoanalternatehostforCpunctatusandtointerpret
someresultsofapreviousstudyFedericiandRoberts
1975ainlightofthisfinding

MATERIALSANDMETHODSSixtyadultCvernalis
copepodswhichhadbeenearedinamediumthatconsist
entlyproducedCpunctatusinfectedlarvaeofAquadri
maculatuswereobtainedfromtheBoyceThompsonInsti
tuteforPlantResearchYonkersNYThismediumhad
beenpreparedasdescribedpreviouslyFedericiandRoberts
1975bWhentheyarrivedtaecopepodswereplacedin300

ABSTRACT
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andbiflagellateplanontsThedevelopmentoftheseplanontswithin
thecopepodinconjunctionwithotherstudiesindicatesCvernalis
isanalternatehostforCpunctatus

mlofdistilledwaterina500mlbeakertowhichtendrops
ofaneggyolkdiet1hardboiledeggyolk500mlofdis
tilledwaterwereaddedThecopepodswereexamineddaily
andindividualswhichdifferedinappearancefromthema
jorityofthenormallygrayandslightlytranslucentcope
podswereexaminedat400Xwithaphasemicroscope
Copepodswhichwereconfirmedtohaveamyceliumdevel
opinginthehemocoelwererearedseparatelyinsmallpetri
dishesFalconno3002untiltheydiedShortlyafter
deaththeywerecrushedunderacoversliponaglassslide
andexaminedagainwithaphasemicroscope

RESULTSThreedaysafterthecopepodshadbeen
placedinthefreshlypreparedmediumfivewereobserved
tobeslightlymoreopaquethantheothersThreeofthese
weregraywhiletheothertwowereyellowUsingphase
microscopyasmallpleomorphicmyceliumwasobservedin
thehemocoelofthegraycopepodsBydayfivethismyceli
umhadbranchedandgrownsubstantiallytherebyproduc
ingmanyextensivelobatehyphaewhichoccupiedasignifi
cantportionofthehemocoelHyphaeweremosteasily
observedintheposteriorportionoftheabdomenwhere
theygrewbetweenthegutandepidermisBythemorning
ofdaysixthecopepodsweredeadInallthreethemyceli
umhadcleavedintothousandsofflagellatedplanonts
whichwereobservedthroughoutthehemocoelTheseplan
ontsthemajorityofwhichwereuniflagellatetheothers
beingbiflagellatewereliberatedbycrushingthecopepod
underacoversliponamicroscopeslideFigure13

Thehemocoeloftheyellowcopepodscontainedanex
tensivelobatemyceliumwithinwhichmostoftheyellow
pigmentationwaslocatedThesecopepodsalsodiedsix
daysafterbeingplacedinthefreshlypreparedmediumbut
themyceliumhadnotcleavednorapparentlyundergone
anyfurtherdevelopment

Inthecourseoftheseobservationsitwasnotedthatal

thoughnoneofthefemalescarriedeggsacsonarrivalmost
developedthemwithinthreedaysafterbeingplacedinthe
freshlypreparedmedium

DISCUSSIONTheresultsofthisstudyincludingthe
demonstrationofamyceliumandobservationsonitsdevel
opmentinthehemocoelofthecopepodCvernalisandthe
cleavageofthismyceliumintoflagellatedplanontsincon
junctionwiththeresultsofWhisleretal1974andFeder
iciandRoberts1975bprovidestrongevidencethatthis
copepodisanalternatehostforCpunctatusFinalproof
ofthisisdependentuponpositiveidentificationofthemos

1Thetermplanontisusedherebecausetheprecisefunctionand
sexualnatureofthesemotilecellshasnotyetbeendetermined



Figure1Portionofacrushedcopepodcandthou
sandsofliberatedflagellatedplanonts330X

quitoinfectiveandcopepodinfectiveunitsduringtheinfec
tionprocessanddemonstrationofthesubsequentinduc
tionofatypicalCpunctatusinfectionineachhost

Whisleretal1974proposedthattheuniflagellate
sporesliberatedfromsporangiainfectedthecopepodand
thebiflagellatesporesliberatedfromthecopepodinfected
mosquitolarvaeAlthoughasimilarprocessmaytakeplace
intheAquadrimaculatusCpunctatusCvernalissystem
severalphenomenaremaintoberesolvedWhensporangia
fromasinglelarvaareinducedtodehiscebyplacingthem
infourmlofdeionizedwaterinasmallpetridishmany
biflagellateandinsomecasesmultiflagellatezoosporesare
observedinadditiontothepredominantlyuniflagellate
zoospores24hoursaftertheinitiatioiofdehiscenceThe
relativenumberofbiandmultiflagellatetouniflagellate
sporesincreasesbetween24and48hoursFedericiunpub
lishedobservationsItisnotclearwhetherthesemultiflag
ellatezoosporesresultfromfusionofuniflagellatesor
whethertheyaretheproductofabnormalcleavageduring
zoosporeformationFurthermoretheinfectiveproperties
ofthesemultiflagellatesifanyhavenotbeendetermined
Inadditiontotheabovealthoughuniandbiflagellate
sporesoccurinthecopepodthefusionoftheformerto
formthelatterhasnotbeenobservedThesealternative

considerationsarediagramaticallysummarizedinFigure4
AlthoughthepreciselifecycleofCpunctatusisun

knowntheidentificationofacopepodasanalternatehost
providesanexplanationfor1theabsenceofmosquito
infectiveunitspriortosevendaysaftertheintroductionof
zoosporesintoanappropriatemediumand2thedilu
tionphenomenon whereaburstofinfectionresultedsix

daysafterdilutionofmediatwentyonedaysoldorolder
FedericiandRoberts1975bIntheformercasethehy
pothesizedalternativestagesdoinfactexistanddevelop
overaperiodofapproximatelysevendayswithinthecope
podhemocoelThedilutionphenomenonappearstobe
relatedtothenutritionalandphysiologicalstateofthe
copepodThemajorityofadultfemalecopepodsincultures
atleasttwentyonedaysoldfrequentlydonotbearegg
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Figures23Flagellatedplanontsathighermagnification
1300XThesesporesappearmoresphericalthannormal
becausetheyhavehypertrophiedinthedistilledwaterun
derthecoverslip

sacsespeciallyunderconditionswheretheyarecrowded
andortheirnutritionispoorYetwhenthemediumisdi
lutedwithanequalvolumeofwaterandfoodisadded
mostfemalesdevelopeggsacswithinonetothreedaysIn
suchmediainfectionfirstresultssixdaysafterdilution
Thisresultcanbeobtainedbydilutingmediaanytimesub
sequenttotwentyonedaysafterpreparationofthemedia
uptoaperiodofatleastthreemonthsAsnotedinthepres
entstudythefemalecopepodsdevelopedeggsacsthree
daysafterbeingplacedinafreshlypreparedmediumand
ondaysixthreedeadcopepodsresultedwhichcontained
uniandbiflagellateplanontsApparentlythefactorswhich
inhibitorretardtheformationofeggsacswhethertheybe
lackofpropernutritionhighpopulationdensityoravari
etyofothercomplexvariablesalsoindirectlyretardorpre
ventthedevelopmentofthefungusmyceliumYetonce
theproperconditionsforeggsacdevelopmentarerestored
themyceliumdevelopsnormallyThisisnottosaythatthe
fungusdevelopsonlyinfemalesbutthatacorrelationex



PossibleLifeCyclesForCoelomomycespunctatus

Anopheles
quadrimaculatus

Cyclopsvernalis

Figure4PossiblelifecyclesforCoelomomycespuncta
tusUniflagellatezoosporeshaploid areliberatedfrom

sporangiaandeventuallyresultincopepodinfectionA
myceliumdevelopswithinthecopepodduringaperiodof
approximatelysixdaysandsubsequentlycleavesforming
flagellatedplanontsTheseplanontsfuseandeventuallyre
sultininfectionofmosquitolarvaeInthiscasethemyceli
umwhichdevelopsinthemosquitowouldbeasporophyte
whilethatwhichdevelopsinthecopepodwouldbeagame
tophytetheplanontsinthelattercasebeinggametes
Anotherlesslikelyalternativeisthatthestagewhichde
velopsinthemosquitoisthegametophyteandthatinthe
copepodasporophyte
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istsbetweentheconditionsconducivetoeggsacdevelop
mentandtheproductionofinfectiveunitssixdaysafter
mediumdilutionThisabilityofthecopepodtoapparently
harboralatentinfectionforlongperiodsisapotentially
importantphenomenon

Itisbecomingincreasinglyapparentthattheinduction
ofCoelomomycesepizooticsinnatureisaresultofcom
plexinteractionsbetweenpopulationsofthefungusandits
copepodandmosquitohostsOurabilitytodeveloppossi
blecontrolstrategieswhichemploythesefungiwillbe
directlydependentonthelevelofunderstandingweobtain
ofthesecomplexinteractions
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OPERATIONALUSEOFTHEINSECTGROWTHREGULATOR

ALTOSIDINKERNMOSQUITOABATEMENTDISTRICT1974

RLeeNorlandandRichardHDeWitt

KernMosquitoAbatementDistrict
PostOfficeBox9428BakersfieldCalifornia93309

Priortothe1974mosquitoseasonthechemicallarvi
cidalprogramatKernMosquitoAbatementDistrictMAD
consistedprimarilyofpetroleumoiltreatmentbyairplane
andgroundrigBesidesbecominganincreasinglyexpensive
andscarceresourceoilshavenevergivencompletelysatis
factorycontrolresultsTheKernDistrictasweremany
otherswasgreatlyinneedofasafeandeffectivealterna
tive

SchaeferandWilder19721973demonstratedthe
practicabilityofutilizingtheinsectgrowthregulatorAlto
sidisopropyl11methoxy3711trimethyl24dodeca
dienoateforcontrollingthefloodwaterspeciesAedes
nigromaculisLudlowandAedesmelanimonDyarWhen
ZoeconCorporationwasgrantedanExperimentalSales
PermitforAltosidthedistrictmanagementpromptlyplan
nedtheirfirstoperationalprogramwiththechemicalfor
the1974season

METHODSThe10microencapsulatedformulation
AltosidSR10wasappliedinanaqueousdilutionatthe
rateof4oz025lbAIacrebybothairplaneandground
rigTheCallAirairplanewascalibratedtodeliver05galof
AltosidwatermixtureperacrePowerdrivenjeepmounted
groundsprayersdelivered10galofmixtureperacre

NearlyalllarvaetreatedwereAedesnigromaculisbuta
fewisolatedAemelanimonsiteswerealsosprayedRe
questsforairapplicationswerewrittenupbyfieldperson
nelwhenthelarvaewere2ndor3rdinstarThepilotwould
thenflythesitesthefollowingmorningwhentheselarvae
were3rdor4thinstarrespectivelyGroundpersonnelusual
lytreatedsitesharboring3rdor4thinstarlarvaebuttreated
2ndinstarmosquitoesonatleastseveraloccasions

Periodicallypupaewerecollectedfromtreatedareasto
measureAltosideffectivenessThepupaewerebroughtto
thelaboratorywheretheywereheldinemergencevessles
containingtapwaterFourthinstarlarvaecollectedassoon
as4hrsaftertreatmentwereoccasionallyassessedfor
emergencePercentcontrolwascalculatedfrompupalmor
talityandadultemergence

RESULTSANDDISCUSSIONTable1showsacreage

treatedbytheaircraftAirapplicationaccountedforalmost
allAltosidusedandirrigatedpasturesreceivedthemajority
ofthetreatments

Eightypercentofthetotalacresofbreedingsitesre
ceivedmultipletreatmentsofAltosidTable2givesabreak
downoftheapplicationfrequenciesonpastureandalfalfa
whichweretheonlysitestreatedmorethanonceEach
cumulativefigurerepresentsdifferentbreedinglocations
ranginginsizefrom10to60acrestreatedtheindicated
numberoftimesPasturedlandstreated1317and20

ManagerArthurFGeibdeceased1974EntomologistRobert
DSjogrenandSuperintendentRichardHDeWitt
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timeswereeachfromthesamerespectiveareaTheseareas
werelargesinglepasturesandtreatmentsoverlappedonly
partofthetimeHoweverthetreatmentsalwayseliminated
themosquitopopulationintheentirepastureandforall
practicalpurposestheseareascanbeconsideredsingle
breedingsites

Only140acresweretreatedfromthegroundPastures
comprisednearlyallofthisacreage

Table1AltosidSR10appliedbyairbyKernMAD
1974

Gallons

Area applied

Pasture 1630

Alfalfa 286

Desert 19

DuckClubs 12

Corn 03

Barley 06

Cotton 12

Beets 09

Total 1977

Table2FrequencyoftreatmentrecordofAltosidSR
10appliedbyairbyKernMAD1974

Pasture Alfalfa

Notimes Cumulative Notimes Cumulative

treated acres treated acres

1 675

2 605

3 260

5 447

6 730

7 130

8 120

13 684

17 702

20 827

Total 5180

1

2

3

Totalacres

treated

5180

941

60

40

10

20

38

30

6319

432

389

120

Total 941



TheoverallimpressionofAltosidseffectivenessagainst
AedesnigromaculiswasfavorableWhenlarvaereceivedthe
properdosageduringtheircriticalperiodofvulnerability
controlwas100 Notallapplicationsweremonitoredbut
inthosewheresomedegreeofcontrolfailurewasnotedthe
reasonscouldbetracedtothenormalvariablesinherentin

anycontroloperationieheavyvegetationskipped
swathsandwindHighwatertemperaturesandultraviolet
radiationmayalsohavereducedeffectivenessinsomein
stancesseeSchaeferandWilder1972Howeverthiseffect
ismoresubtleanddifficulttoassessTimingisanewand
criticalvariabletobeconsideredintheAltosidprogram
sincepopulationsmustbetreatedbeforetheypupateGood
controlwasachievedwhenlarvaeweretreatedas3rdand

4thinstarGroundcrewsreportedachievingcontrolwhen
larvaeweretreatedas2ndinstarbutsincenosampleswere
obtainedfromtheseareasfirmconclusionscannotbepre
sented

AnattemptwasmadetoestablishbaselineAltosidsus
ceptibilityfiguresforAnigromaculispriortotheinitial
fieldapplicationsDuetoahostoffactorsthiscouldnot
beaccomplishedConsequentlynoprecisemethodtoassess
possibleonsetofAltosidresistancewasdevelopedIfcon
tinuedtreatmentrevealsanincreasedfrequencyofcontrol
failureatagivenapplicationratewewillbeabletocon
cluderesistanceifwecanconfidentlydiscountothervari
ablesHoweverreliablequantitativedatawillbelacking
Wewillespeciallywatchcloselythoseareaspressuredheav
ilyduringthefirstseasonseeTable2forsignsoftreat
mentfailure

Attherateof4ozAltosid025lbAIacreourchem
icalcostwas200acreappliedbyairThiscomparestoa
costof120 180acreforlarvicideoilappliedat23
galacreAlthoughoilcostsarelowerthelevelofcontrol
wasrarelyhigherthan80 andreflightsweresometimes
necessaryThemostdramaticcostsavingswithAltosidoc
cursfromgroundapplicationAltosidcanbeappliedwith
goodcoverageat4oz025lbAIin10galofwateracre
Wefinditdifficulttoproduceeffectivecontrolwithoil
usingsprayerscalibratedforlessthan10galoilacreActual
outputvariesfrom510galdependinguponvegetationden
sityOilcostrangesfrom300 600acre

ThereareseveraldistinctadvantagestousingAltosid
Itssafetytohumansisagreatassetasisitsmildimpacton
nontargetorganismsItsnonphytotoxicnatureeliminates
dangersassociatedwithdriftingTheespeciallyacutecorro
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sionproblemsassociatedwithoilsarealsoavoidedwith
AltosidWewillbebetterabletocalculateamonetarysav
ingsinthisregardwhenmoregroundrigsareconvertedto
exclusiveAltosidspraying

ThegreatestdrawbackwithAltosidresidesinitscon
fineduseagainstonlyAedesmosquitoesThispresentsno
problemsfortheairplanesincethepilotknowshistarget
beforehandandcanarrangehischemicalscheduleaccord
inglyHoweverthegroundcrewsmustcarryAltosidfor
AedessppandoilforCulexsppThisisnotaninsurmount
ableproblembutoperatorsdofrequentlyfindthemselves
encounteringmoreofoneortheothergenerathanantici
pated

Altosidsineffectivenessagainstpupaeisadisadvantage
UnderanAltosidregimenwemustemployadulticiding
measuresintheinevitableeventthatabreedingsourceis
detectedtoolateThisproblemwaslargelyavoidedinour
oilprogramsincethesechemicalsareeffectiveagainstpu
pae

Instabilityatelevatedwatertemperaturesandhighultra
violetlightintensitymaycontributetocontrolfailures
duringthehottestmonthsoftheseasonAgainstAnigro
maculiswhichhasarapidlifecycleandarelativelyhomo
geneousinstaragetheshorteffectivelifeofAltosidap
proximately24hrsissufficienttoinhibitgrowthHow
everfactorsreducingthelifeofthechemicalbyafew
hoursgreatlythreatenitspotentialeffectiveness

CONCLUSIONSWeachievedsatisfactorycontrolof
AedesmosquitoesinouroperationalseasonusingAltosid
andwillexpandthisusein1975Moreemphasiswillbe
placedongroundapplicationfrompowerandhandunits
Thiswillcallformorecarefulinspectionandbetterplan
ningbythegroundcrewsImprovedinspectionwillalsore
sultinlessacresbeingtreatedwithoilbyairsincefewer
siteswillescapeearlydetection

ThemostproductiveimprovementintheAltosidpro
gramwouldbethedevelopmentofastableslowrelease
granularformulationIfwecouldtreatknownbreeding
areasonaprefloodbasiswecouldaddconsiderableflexi
bilitytoouroperation
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