
1992ProcCalifMosqVectorControlAssoc 60122134
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Introduction

MosquitocontrolagenciesofCaliforniahave
conductedremarkablysuccessfulenvironmental
healthprogramsprotectingthepublicfromvector
bornediseaseandpestmosquitoesforovereighty
yearsTodayinthemidstoftheenvironmental
eramanyfeeltheseagenciesarefacingtheirmost
seriouschallengeThechallengesimplystatedis
tobringtheactivitiesofmosquitocontrolinto
balancewiththenaturalsystemsThetaskisour
shareofthelargertaskofbringingourwholesocio
economicsystemintobalancewithnaturalsystems

Nowhereisthechallengetothemosquito
controlcommunityofCaliforniaMCCCgreater
thaninmeetingpublicdemandtorestoreenhance
andmanagewetlandsSinceinstateandfederal
lawtheresponsibilityfortheregulationand
management of the environment hasbeen

fragmentedintopartsanddistributedtoanumber
ofpublicagenciesallagenciesarerequiredtowork
effectivelytogethertostewardthesecomplex
environmentalsystems

FritjofCapra1982speakstotheissueof
fragmentationinhisbookTheTurningPointand
inthe1991movieMindwalkwhichwasbased

uponhisbookHefmdsthemechanisticworldview
ofCartesianNewtonianscienceinadequate He

feelsweliveinagloballyinterconnectedworld
needinganewholisticperspectiveanewvisionof
realityCaprabelieveswearefacingacrisisof
perception

DanielBotkinProfessorofBiologyand
EnvironmentalStudies at theUniversity of

CaliforniaatSantaBarbaraoffersasimilar
messageHebelievesthatmorethananyother
factorthemajorchallengeininterpretingnature
anddealingwiththeenvironmentalissuesis
recognizingandconfrontingourdeepseated
assumptionsaboutnatureBotkin1990believes
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thatbeforewereachapointwhereourroleinthe
environmentispositivewewillhavesettledupona
newsetofmetaphorsimagesandsymbolsof
nature

Thepurposeofthispaperistoexploreour
perceptionsofrealityandnatureintheMCCC
ThisIbelieveisslipperybusinessandIexpectmy
effortstobeofmorevalueasaforcetostimulate

reflectionratherthanapresentationoffacts I

concurwiththeaboveauthorshoweverinbelieving
thattheprocessisanessentialfirststepinmeeting
theenvironmentalchallengesfacingtheMCCC

MentalModels

Whyaremetaphorsimagesandsymbolsof
primaryimportanceFirstandforemostbecause
theyinfluencewhatweseeanddoTheyshapethe
developmentandprovideaframeforacomplex
cognitivestructurethathasonlyinthepastfew
decadesbecomerecognizedandstudied The

structurehasbeenalludedtobyvariousinvest
igatorsasassimilatoryschemataPiaget1954
imageBoulding1961tacitinfrastructure
BohmandPeat1987theoryinuseArgyriset
al1985andmentalmodelsSenge1990There
hasbeenawealthofknowledgedevelopedabout
thesehighlyabstractcognitivestructureswhichshall
bereferredtointhispaperasmentalmodels
Followingisacompilationofsomeofthat
knowledgeprovidedbytheabovecitedauthors

1 Mentalmodelsbegindevelopingatbirthand
continuetoservetheindividualthroughoutlife
byinterpretingtheworldandinfluencing
behavior

2 Mental models are deeply ingrained
assumptionsgeneralizationsevenimagesthat
influencehowweunderstandtheworldThey
takeasubliminalandunconsciousformas



timepasseshabitualization
3Whenamessagereachesamentalmodel

threethingsmayhappenthemessagemaybe
ignoredthemessagemaychangeinawell
definedwayoritmaybechangedina
revolutionarywayasinareligiousconversion

4Mentalmodelsdeterminewhatseeand

thereforewhatwedoPerhapsmoreimport
antlytheyalsodeterminewhatwedonotsee

5 Thereisapowerfulnaturaltendencyfor
individualstoresistchangingtheirmental
modelsInfactindividualsdevelopelaborate
defensiveroutinesdesignedspecificallyto
defendthemTheresistancetochangecanbe
asevereimpedimenttolearningthataffects
individualsandtheirorganizations

6 Mentalmodelsarenotrealityandtherefore
fallshortofcompletelydescribingrealityIn
thevernacularmentalmodelsaremapsnot
theterritory Yetwetendtoconfusethe
mapwiththeterritory

7Techniqueshavebeendevelopedtomanage
mentalmodelsbyconversinginamanner
whichbalancesinquiryandadvocacywhere
peopleexposetheirthinkingtomakeitopen
totheinfluenceofothers

The crisis ofperception can be fully
appreciatedinlightofourknowledgeofmental
modelsThemetaphorsimagesandsymbolsof
naturethatarecommunicatedintheMCCC

influenceourindividualmentalmodelsTheyin
turninfluencewhatweseeanddoLearningabout
thedynamicsofmentalmodelsandreflectingon
ourindividualmentalmodelscanhelpusto
improvethemasnecessarytoestablishasolid
foundationforjudiciousandeffectiveenvironmental
actionbytheMCCC

TheKuhnianParadigm
Exploringthementalmodelsofthemosquito

controlcommunityofCaliforniacouldbeamost
slipperyendeavorwereitnotforthehistoricwork
donebyThomasKuhnInhisseminalworkThe
StructureofScientificRevolutions Kuhn1962
introducedtheconceptofascientificparadigm It

isapremiseofhispaperthatparadigmsoperatein
ascientificcommunitytogenerateandreinforcethe
metaphorsimagesandsymbolsofascientific
communityandthatparadigmsareinstrumentalin
shapingmentalmodelsThereforebyidentifying
andexaminingtheparadigmsoftheMCCCwecan
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learnaboutthequalityofprevailingimagesof
naturebeingcommunicatedinourcommunityand
canalsogaininsightintothestructureofmental
models

Aparadigmwasdefinedinavarietyofwaysin
Kuhnswork Inthispaperitisdistilledto
universallyrecognizedscientificachievementsthat
foratimeprovidemodelproblemsandsolutionsto
acommunityofpractitionersGutting1980
creating anentireconstellationofbeliefsvalues
andtechniquesthatbindthecommunitytogether
Horgan1991UponcloseexaminationofKuhns
work1970aparadigmcanbeseentohavealife
cycleoffivestages

STAGEONEDiscoveryPhaseThediscovery
phasestartswithanarchetypicalexperiment
orbynewmodelsoflawtheoryapplication
orscientificachievementsthatbecomethe

basisforfurtherpracticeKuhn1970The
achievement usually focuses on critical

problemsanomaliesthatcannotbesolvedby
theoldparadigm

STAGETWODemonstrationPhaseDuring
thisstagescientistswhoareprivytothe
archetypicalexperimentenlistconvertsby
lecturespublicationsorapplieddemon
strationsAdherentstotheoldparadigmtend
toresistthenewapproacheventhoughthe
newparadigmsolvesproblemsthathaveled
theoldparadigmtocrisis

STAGETHREEParadigmShiftTheshifthas
occurredwhenapreponderanceofscientists
shiftprofessionalallegiancestothenew
paradigmScientiststhenreinterpretandgive
newmeaningtothesamepoolofdatathey
sawpriortotheparadigmshift Some
howeverremainunconvertedclingtotheold
paradigmandareassignedtoaformof
scientificoblivion

STAGE FOUR Productive Phase High
productivityisattainedbywayofnormal
science Debatesubsidesefficiencyand
effectivenessincreaseandthevexingproblems
of the previous paradigm are solved

Paradigmaticallyinducedblindnessprevails
Whenanomaliesare detected scientists

attemptonlytomodifytheirtheoryor
practices

STAGEFIVECrisisStageThecrisisstage
occurswhenanomalieshaveaccumulatedto

thelevelthattheycannolongerbeignored



Extraordinaryscienceisnowallowedto
createnovelsolutionsoutsideparadigmatic
boundaries Scientistsusuallyyoungand
ignoringtheprevailingparadigmfocuson
anomalies Theresultisaproliferationof
competingnontraditionalapproachesand
newdiscoveriesIncommensurabilityprevails
asdifferentscientistsdescribeandinterpret
thesamephenomenaindifferentways

TheParadigmsofMosquitoControl
SearchforParadigmsThewrittenproceedings

oftheCaliforniaMosquitoandVectorControl
Associationprovidearichhistoryofmosquito
controlinCaliforniaItspageshaveservedto
communicatevitalinformationtovectorcontrol

personnelinCaliforniasince1930Notsurprisingly
theproceedingsalsocontainthestoryoftherise
andfalloftheparadigmsoftheMCCCAnalysis
oftheproceedingsrevealedthattwosuccessive
paradigmshaveemergedtodominanceduringthe
historyofmosquitocontrolinCalifornia Both

paradigmswerefoundtohavepassedthroughthe
fivepreviouslydefinedstages Interestinglyit
appearsthattheMCCCiscurrentlyinaprolonged
crisisstageofthesecondparadigmwithfour
incipientparadigmsvyingfordominanceFig1
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ThePermanentMosquitoControlParadigm
ThefirstparadigmofMCCCmightbecalled
permanentmosquitocontrol Itsoriginscanbe
tracedtothediscoverymadebyRossin1898that
malariawascausedbyaparticulargenusof
mosquitoesJones1931 MalcolmWatsona
Britishscientistalongwithothersinmanypartsof
theworlddevelopedaspeciessanitationapproach
whereaselectiveattackwouldbeaimedatthe

speciesofmosquitothatwasknowntobetrans
mittingmalariaGrayandFontaine1957 The

developmentofaspeciesspecificmalariacontrol
programbaseduponthediscoverybyRosswasthe
compellingtrickyideaorfirststageofthe
permanentcontrolparadigm

Thesecondstageofthepermanentcontrol
paradigmthedemonstrationphasewasconducted
primarilybyWilliamHermsamedicalentomologist
attheUniversityofCaliforniaHeimplementeda
remarkablysuccessfuldemonstrationofpermanent
controlmeasuresinPenrynCaliforniain1910The
project effectively broke the malaria cycle
eradicatingitfromtheareaby1912Grayand
Fontaine1957Theessenceofpermanentcontrol
approachcanbesummarizedasTothegreatest
extentpossibletheplaceswheremosquitocontrol
larvaewerefoundshouldbeeliminatedbyeither
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Figure1PrevalenceofparadigmsinthemosquitocontrolcommunityofCaliforniaMCCCoverthelast80
yearsIPM integratedmosquitocontrolCMC comprehensivemosquitocontrol



drainageorfillingtominimizetheneedfor
repetitiveapplicationsofoilasalarvicideGray
andFontaine1957Thedemonstrationphaseof
theparadigmcontinuedafterthePenrynCampaign
whenProfessorHermstraveledthelengthofthe
CentralValleyspreadingthewordonhowmalaria
controlcouldbeaccomplishedGrayandFontaine
1957

Perhapsthefirstevidenceofstagethreethe
paradigmshiftwaspassageoftheMosquito
AbatementActin1915 Itinstitutionalizedthe

permanentcontrolapproachbyprovidingagencies
withtheauthoritytoeliminatelarvalbreedingsites
InorderfortheretohavebeenatypicalKuhnian
paradigmshifthowevertherehadtobeaparadigm
tobereplacedAscientificparadigmdidnotreally
existatthattimealthoughthepublicatlargeheld
theempiricallyderivedideathatmalariawascaused
bythebadairormiasmasthatemergedfromthe
swampsJones1931Inthefaceofsuchtenuous
theoryRossdiscoveryandHermsdemonstration
atPenrynfoundfertileground

StageFourofthepermanentcontrolparadigm
theproductivephaseisveryevidentinthe
literatureAftertheMosquitoAbatementActhad
passedincreasingnumbersofagencieswereformed
toaccomplishmosquitocontrol By1945there
were24mosquitocontrolagenciesinCaliforniaall
practicingtheirparticularversionofpermanent
controlKuhncallsthisperiodpmalesolvingand
muchoftheliteraturefrom19301937demonstrated

solutionstopracticalproblemsthathadbeen
encounteredDuringthatperiodtherewasafairly
evenbalancebetweenpaperspresentedon
larvicidingandthoseondrainagetechniques

Thefmalorcrisisstageoftheparadigm
begantoappearinthelaterhalfofthe1930sas
anomaliesincreasedIn1937theproceedingslisted
particularhandicapstoworkthatwereexperienced
bythe23mosquitocontrolagenciesinCalifornia
Theagenciesexperiencedinvasionsofmosquitoes
fromoutsidetheboundariesofthecontrolagency
8agencieslackoffunding6agenciesandlack
ofcooperationfromlandownersintheirwater
management8agencies Evenmoreserious

problemsappearedin1938whentherewasa
decidedincreaseinmalariacasesto368the
greatestnumberinovertwentyyearsDommes
1939Anotherseriousassaultupontheparadigm
camein1941whenresearchersfoundthatsome

viralencephalitidesweretransmittedbymosquitoes
andthattherewerehundredsofpreviouslyundiag
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nosedhumancasesofmosquitoborneencephalitis
intheCentralValleyofCaliforniaHowitt1941
Aparadigmthathadprovenitselfbypainstaking
longtermeffortsaimedateliminationofmosquito
sourceswasnowfacedwiththeneedtoprovide
instantsuccess

Thecrisisstageofpermanentcontrolhadbeen
reachedprovidingfertilegroundforanew
paradigm The discovery or archetypical
experimentofanewparadigmwasprovidedbya
newmiracleinsecticidethatwasdevelopedand
usedduringWorldWarIIItsintroductionwas
destinedtohaveenormousbenefitsaswellas
incalculable liabilities for man and nature

throughouttheworld InCaliforniaitwasthe
perfecttonictocuretheanomaliesofpermanent
controlIronicallyitwasWilliamHermspioneer
ofthepermanentcontrolparadigmthatpresented
thefirstpaperintheproceedingsontheuseof
DDTasamosquitolarvicideHehadtestedDDT
againstmosquitolarvaewithgreatsuccessin1943
andpresentedhisfindingsin1946Herms1946
Stageoneofanewparadigmhadbeenlaunched

TheChemicalControlParadigmShortlyafter
ProfessorHermsannouncementhiscolleague
HaroldGrayanotherpioneerofpermanentcontrol
presentedapaperonthesuccessfuluseofDDT
Gray1946 Infacttheproceedingsof1946
containedanunprecedented12articlesonDDT
rangingfromitsuseinmosquitocontroltopotential
publichealthandenvironmentalhazards The

secondordemonstrationstageofthechemical
controlparadigmhadbegunandtheMCCCwas
poisedforaparadigmshiftthepermanentcontrol
paradigmwasincrisisacompetingparadigmwas
initsearlystagesandagreatnumberofnew
unindoctrinatedprofessionalswereenteringthe
MCCC

Theincreaseintheunindoctrinatedcanbe
tracedtostatesubventionfundsmadeavailableto

mosquitoabatementdistrictsDahl1946Spurred
bysubventionfundingthenumberofdistrictswould
climbfrom24to44inthespaceofafewyears
Thoseagenciesreceivingstatesubventionfunds
werecompelledtoemployprofessionallytrained
andexperiencedmenDahl1946 TheStates

largepoolofunconvertedprofessionalsprovided
fertilegroundfrom1946to1950fortheparadigm
shiftfrompermanenttochemicalcontrol

Surprisinglyandinseemingviolationof
Kuhnianprinciplestheproponentsoftheshiftwere



theagingpioneersofthepreviousparadigmHerms
andGrayWherewastherigidityandresistanceto
paradigmchangethatKuhnsuggestsKuhn1970
WhereasKuhnwouldhaveusbelievearethe
youngnewandunindoctrinatedproposersofthe
newparadigmthatareexpectedtostandonthe
shouldersofthegiantsofthefieldbashingthem
overtheheadHorgan1991Theanswertothe
puzzleliesinthepermanentcontrolparadigmitself
whichproposesdrainingandfillingofmosquito
sourcestothegreatestextentpossibletominimize
larvicidingHermsandGraymusthavefeltthey
were only adding another more powerful
larviciding tool to their permanent control

armamentariumwhentheyproposedDDTTothe
seaofunconvertedhoweveradifferentperspective
wasyettobefashionedbytheuseofDDTinthe
fieldTheremarkablefieldsuccessesintheearly
daysofDDTbecameamostpowerfulindoctrin
ationintothechemicalcontrolparadigmforthose
youngandofteninexperiencedprofessionalsThe
shifttochemicalcontroloccurredquiterapidly
Theproceedingsintheyears1948and1949were
dominatedbypresentationsonthesuccessfuluseof
DDTinvariouscircumstances

Theproductivephasestagefourofthe
chemicalcontrolparadigmhadbeenreached
Meanwhile the permanentmosquitocontrol
paradigmcontinuedtofunctionThefactthatitdid
notdisappearimmediatelyiswhollyconsistentwith
theKuhnianviewwhichsuggeststhatitwouldonly
completelydisappearwhenthelastholdoutsdie
Kuhn1970 Thepermanentcontrolparadigm
howeverhadmorethanstubbornadherentsIthad
beeninstitutionalized inlaw theMosquito
AbatementActinstitutionalizedinthepolicyof
the State Health Department Dahl 1946
prescribedintextHermsandGray1940and
etchedinthemindsoftheproponentswhostillheld
powerfulpositionsintheStateandtheUniversity
Theirpresenceandadvocacycontinuedtobefelt
throughoutthelifeofthechemicalcontrol
paradigmThisperiodoftimeroughlyfrom1946
to1960wascharacterizedbyincommensurability
betweentheadherentsofthetwoparadigmsGray
epitomizestheresultantconflictbestinhislecture
of1953

Istatedin1949overthepastfortyormore
yearsbothexperienceandlogichaveindicated
thatthebasicfunctionofmosquitocontrolis
toeliminateorminimizetheproductionof
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mosquitoes Theintroductionofnew

insecticidesofgreatertoxicityhasnotchanged
thisbasicpostulate Wellwhathappened
Nothing Youwereallbemusedinthe

phantasmagoriaofDDTwonderfulstuff

Theappearanceofananomalyinthechemical
controlparadigmbeganin1952withtheadventof
resistancetoDDTinmosquitoesGjullinand
Peters1952March1952Theresistanceproblem
spreadrapidlyasdidthesolutiontotheproblem
thesubstitutionofanewinsecticide

Theproductivephaseofthechemicalcontrol
paradigmwassustainedbysimplyusinganew
chemicalontheresistantmosquitoesThechemical
controlrecordsoftheperiodillustratethe
seductivenessoftheparadigmshowingacontinuing
increaseinchemicaluseuntilitpeakedin1958to
beginaslowandgradualdeclineEldridge1988
By1966howeverithadbecomeapparentthatthe
rateofproductionofnewinsecticideswasfalling
behindtherateatwhichresistancewasbeing
developedThecrisisstageofthechemicalcontrol
paradigmhadbeenreached Laterin1972Dr
CharlesSchaefersaiditclearly

Nonewcompoundsarecurrentlyunder
commercial developmentthatwouldbe
effectiveincontrollingourhighlyresistant
strainsThismeansMADscannotexpectto
haveanynewlarvicidesavailablefora
minimumofseveralyears

DrSchaefersspeechmarkedtheendofthe
predominanceofthechemicalcontrolparadigm
thatforthemostparthadprovidedeffective
mosquitocontrolinCaliforniasinceWorldWarII
Thecrisiswasnotcausedbypesticideresistance
alone Otheranomaliesincludedsecondarypest
outbreaksDahlstenetal1969killingofnon
targetspeciesLusk1971watercontamination
problems Bissel 1988 and human safety
considerationsWest1964 Withoutdoubt
howevertherecurringphenomenaofresistancewas
themajorfactortobringdownthechemicalcontrol
paradigmIn1966thetoneoftheannualmeeting
oftheCaliforniaMosquitoControlAssociationwas
oneofnoveltyTheshiftfromnormalscienceto
extraordinarysciencewasevidentinthepresent
ationsthatyearasavarietyofcompetingparadigms
emergedPermanentcontrolmeasureswerebeing
discussedanewReginatoandMeyers1966New



ideasingeneticMcClelland1966andbiological
controlHokamaandWashino1966werebeing
offeredassolutionsThekeynotespeakeratthe
conferenceenvisionedanewandpromisingerafor
theMCCCbroughtaboutbyatheuseofthe
rapidlydevelopingsystemsapproachStead1966
The1966conferencewasawatershedTheseedsof

newparadigmshadbeenplanted

TheCurrentParadigmsofMosquitoControl
ParadigmWars

AnalysisoftheproceedingsoftheCalifornia
MosquitoandVectorControlAssociationrevealed
theabsenceofadominantparadigmfromthemid
1960stothepresentInsteaditsuggestedthatat
leastfourparadigmsarecurrentlyinactive
competitionnonehavingbeenacceptedbyaclear
majorityoftheMCCC Thefourcompeting
paradigmsarecomprehensivemosquitocontrolthe
systemsapproachintegratedmosquitocontroland
biorationalcontrolTable1Whatfollowsisan
examinationofthefourparadigmswithparticular
emphasisonidentifyingthemetaphorsimagesand
symbolsthatareevidentineachparadigmto
representnature

ComprehensiveMosquitoControl Compre
hensivemosquitocontrolCMCisacandidate
paradigmformallypresentedtotheMCCCin
numerouspresentationsKimball1973Mulhern
197119731980Itisdefinedas

applyingalloftheavailabletechnologyof
naturalisticcontrolpreventionorsource
reductionandchemicalcontroleachin
appropriatesituations

Therootsofcomprehensivemosquitocontrol
canbetracedtotheoldpermanentcontrol
paradigm Bothparadigmsfeatureengineering
entomologicalapproachesfocusingonmodifications
ofaquaticsources Theprimaryproponentof
CMCThomasMulherndeclaredin1973thatthe
eraofcomprehensivecontrolhadalreadybegun
butitisonlyinthetransitionstage Inthatyear
MulhernandotherstaffoftheCaliforniaState

HealthDepartmentsBureauofVectorControl
createdatrainingmanualforthemosquitocontrol
agenciesofCaliforniaMulhern1980Themanual
institutionalizedtheparadigmandmadeitrequired
readingforpersonnelwishingtobecertifiedto
conductmosquitocontrolinCaliforniaCMChad
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apowerfulmechanismbywhichtogatheritsfold
Thefactthatcomprehensivemosquitocontrolhas
notbecomethedominantparadigmmaybetraced
tothefactthattheparadigmislargelyacollection
ofrulesandguidelinesthathavebeenderivedfrom
historicallysuccessfulapproachestomosquito
controlMulhern1973Theknowledgegenerated
bytheparadigmisabodyofunconnectedyet
practicaltechniqueswhichhavebeencollectedby
practitionerswhomaybeguidedbyother
paradigms Thebottomupadhocapproach
providedbyCMCmaybehighlypracticalinsome
circumstancesbutitfailstoprovidethepractitioner
anyexplicittheoreticalframeworkwithwhichto
guidehisactivities Whenfacingnewornovel
circumstancesheislimitedtosearchingfor
descriptionsofsuccessfulapproachesthatmost
closelymatchthosehefaces Theparadigmis
effectivewhenthemethodsdevelopedareapplied
torelativelysimplemosquitosourcesIncomplex
systemshoweversuchaswetlandsthereis
significantecologicalvariationfromregiontoregion
aswellasdifferentdefinedpurposesforthe
wetlandsTheparadigmfailshereinthatthereis
notonesuccessmodelforwetlandsthatprovidesa
setofspecificrulesformosquitocontrol

TheinfluenceofengineeringonCMCsuggests
thatthemachinemetaphorofnaturemaybe
lurkingatitscoreForthemostparthoweverthis
paradigmseemsdevoidofpowerfulsymbolsThe
strengthofthisparadigmhasbeenbasedupon
continuousupdatingofthebodyofknowledgeof
practicalapplicationsofmosquitocontrolInfact
sincetheStateofCaliforniaappearsunlikelyto
upgradethetrainingmanualinthenearfutureand
sincetherearecurrentlynooutspokenproponents
forthisparadigmitseemshighlyunlikelythatthe
paradigmcanberesponsivetothechangingneeds
oftheMCCC

SystemsParadigmFrankStead1966formally
introducedthesystemsparadigmtothemosquito
controlcommunityattheirconferencein1966
callingittheSystemsAnalysisEra He

characterizedtheapproachasencompassingthe
totalityofaproblembydrawingboundarieswhich
wouldcapture

Alltheeffectsoftheseactsallofthecosts
allofthebenefitsallofthepenaltiesandall
oftherewardsassignedtodifferentpeople
Theauthorfeltthatasystemsviewoffered



Table1ParadigmsinthemosquitocontrolcommunityofCaliforniaMCCC
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Definition

Discovery
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PERMANENTMOSQUITOCONTROL

tothegreatestextentpossibletheplaceswheremosquitolarvaewerefoundshouldbeeliminatedby
eitherdrainageorfillingtominimizetheneedforrepetitiveapplicationsofoilasalarvicideGray
andFontaine1957
Rossfindsin1898thatmalariaiscarriedbyanophelines
HermsandGraydemonstrateinPenrynCalifornia1910
MosquitoAbatementActof1915
19151937

Increaseinmalariacases1938Evidencethatsomeviralencephalitideswerecarriedbymosquitoes
demandingrapidaction1941
Machine

CHEMICALMOSOUITOCONTROL

ApplylarvicidesandadulticidestosuppressmosquitopopulationsSubstitutenewinsecticidewhen
resistanceoccurs

DDTissuccessfulasalarvicideinthelabHerms1946
GraydemonstratesuseofDDTaslarvicideGray1946
HighpercentageofpapersinProceedingsin194849weredescribingsuccessfuluseofDDT
19481966

Resistancesecondarypestoutbreakskillingnontargetsecosystemdisruptionswatercontamination
safety
NearlydevoidTargetarmsraceorcoevolution

SYSTEMSSCIENCE

Encompassthetotalityoftheproblembydrawingconceptualboundariesthatcapturealltheeffectsof
theactsallofthecostsallofthepenaltiesandalloftherewardsStead1966
IntroducedtoMCCCbyStead1966
ComputermodelingofwetlandsSchooley1983
Notattained

Toosoon

Natureasanopensystemahomeostaticallyselfregulatingsystemasartificiallifechaosetc

INTEGRATEDMOSQUITOCONTROLIPM

Apestmanagementsystemthatinthecontextoftheassociatedenvironmentandthepopulation
dynamicsofthepestspeciesutilizesallsuitabletechniquesandmethodsinascompatibleamanneras
possibleandmaintainsthepestpopulationsatlevelsbelowthosecausingeconomicinjurySmith1970
IntroducedbySmith1970
DemonstratedinsaltmarshesTelfordandRucker1973
Probablynotattained
Toosoon

NatureinbalanceGAIAchaosandothers

COMPREHENSIVEMOSOUITOCONTROLCMC

Applyingalloftheavailabletechnologyofnaturalisticcontrolpreventionorsourcereductionand
chemicalcontroleachinappropriatesituationsMulhern1971
SynthesisandIntroductionbyMulhernin1971
AllsuccessfulprojectsaresubsumedConceptsincorporatedintotrainingmanualformosquitocontrol
technicians

Notdistinguishable
Avoidedbydefinition
Probablynatureasmachineotherwisedevoid

BIORATIONALMOSQUITOCONTROL

CustomizedandbioengineeredinsectspecificmaterialstocontrollarvalmosquitoesEldridge1988
AltosidandBtidiscoveredandbecameavailablein1980s

SuccessfulexperimentalandfieldtrialsofbiorationalsMulliganandSchaefer1984
Since1970sconventionalpesticideshavedeclinedwhilebiorationalshaveincreasedThismayportenda
paradigmshiftorsimplyuseasacomponentofoneoftheintegratedparadigms
Ifithasreachedstatusofparadigmitmaybeintheproductivephase
Toosoon

Targetorcoevolutionorarmsrace
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greathopetothefieldofmosquitocontrolHe
toutedtherecordofsuccessesthatoccurredinits

applicationtospaceandweaponstechnologyIn
spiteofMrSteadsenthusiasmthesystems
approachonlybegantosurfaceintheproceedings
inthelate1970s Theapproachappearedas
models to predict mosquito dynamics and

abundanceGilpinetal1979Milby1984
computermodelingofmosquitosourcesCollinset
al1986Schooley1983FryandTaylor1990
researchprojectsaimedatsupportingsystems
modelsCechandLinden1985MeadandConner
1987MilbyandMeyer1985OrrandResh1987
andcomputersystemdevelopmentRusmiseletal
1983

Thesystemsapproachinspiteofitsformal
introductionin1966andnumerousdemonstrations

oftheapproachcitationshasnotcapturedthe
imaginationofasufficientnumberofadherentsin
theMCCCtoprevailovertheotherparadigms
Thedevelopmentofthisparadigmmaybehindered
bythealmosttotalabsenceofsystemscoursesin
curriculatakenbyprofessionalbiologistsofthe
MCCC

Thesystemsapproachappearstobethemost
expansiveofallofthecompetingparadigmsofthe
MCCCTheparadigmisbaseduponapremise
thattheworldasweknowitisanorganizing
cosmosandinherentlyunifiedintegratedand
harmoniousReckmeyer1982Moresimplythe
systemsviewsuggestseverythingisconnectedto
everythingelseItleadstorecognitionthatwedeal
withanextremelycomplexdynamicworldinwhich
ouractionsareexpectedtohaveavarietyof
consequencesandthoseconsequencesmayoftenbe
counterintuitiveThepractitionersofthesystems
approachintheMCCCtendtorelyheavilyupon
ecologicaltheorytoinformtheirapplicationswhile
excludingavastportionofthedomainofsystems
scienceTodaysystemsciencesofferanumberof
hardandsoftapproachestosolvingproblemsin
arangeofsystemcontextsFloodandJackson
1991yettheMCCChasonlybarelyventuredinto
computermodelingofmosquitopopulationsand
wetlandsAsaresulttheexpansivenessprovided
bysystemsthinkinghasnotbeenfullyrealized
Whenithasmosquitoandvectorcontrolwillbe
viewedasanorganizationalsystemconnectedto
andinteractingwiththehumanandnaturalsystems
Thesystemsparadigminitsbroadestcontextis
capableofgeneratingawiderangeofimagesof
natureincludingnatureasanopensystemOdum

129

1983ahomeostaticallyselfregulatingsystem
Odum1983asartificiallifeLangton1989and
others Recentlyametaphorhasemergedthat
depictstheearthasasingleinteractingsystem
aliveandselfsafeguardingMyers1990Simultan
eouslystudiesofchaoticsystemssuggestthatthe
cherished equilibrium or balanceofnature

metaphorofnaturemustbereconciledwithnew
knowledgeconcerningthechaoticbehaviorofnon
lineardynamicalsystemsGleick1987 The

developingmetaphorseemsvaguelyconsistentwith
theillusivemetaphorsoughtbyBotkinandhinted
atinthetitleofhisbookDiscordantHarmonies

Integrated Mosquito Control Integrated
mosquitocontrolemergedprimarilyfromthe
appliedacademiccommunitydesignedspecifically
toovercometheanomaliesassociatedwithchemical

control Ithasbeennamedvariouslypest
management integrated pest control and

integratedpestmanagementorIPM For

conveniencethisparadigmiscalledIPMinthis
paperAnearlyproponenttointegratedcontrol
conceptsRaySmithdiscussedtheproposed
paradigmtotheMCCCin1970 Heformally
defineditas

Apestmanagementsystemthatinthe
contextoftheassociatedenvironmentandthe

populationdynamicsofthepestspecies
utilizesallsuitabletechniquesandmethodsin
ascompatibleamanneraspossibleand
maintainsthepestpopulationatlevelsbelow
thosecausingeconomicinjury integrating
allsuitablemanagementtechniqueswiththe
naturalregulatingandlimitingelementsofthe
environment applyingtheprinciplesof
populationecologytowardthegoalsofpest
populationmanagementSmith1970

In1970whenRaySmithintroducedintegrated
mosquitocontrolhefeltthattheMCCCwasnot
yetdesperateenoughtogointosomethingas
difficultandintellectuallychallengingasIPMSince
thattimehoweveranumberofmosquitocontrol
projectscanbecitedthatfallwithintheframework
oftheintegratedmosquitocontrolparadigm
GarciaandDesRochers1984Pelsue1984Miura
etal19861989IPMstressesanumberofup
frontrulesdealingwithmonitoringthepest
population balancing control activities with

development of insecticide resistance spray



thresholdsandminimizingimpactonnatural
enemiesofthemosquitoesaswellasnontarget
organisms

TheIPMparadigmoncepasttheinitialrules
isprimarilyinformedbyecologicaltheoryand
practiceIndeedthepractitionersofthisparadigm
havedonemuchtoadvancetheknowledgeof
ecologicalsystemsinthecourseoftheirmosquito
controlresearchandpractice Intheorythis
paradigmalsoespousesasystemsapproachand
computermodelingyetcurrentadherentstothis
paradigmintheMCCChavenotusedmuchinthe
wayofsystemapproachesTherelativelylimited
applicationoftheIPMparadigmbytheMCCC
suggestsitdoesnotclearlydominateother
competingparadigmsatthistime

TheIPMparadigmdefinesaworldwhere
mosquito species and other organisms are

connectedandbehavingdynamicallyinanatural
environmentIPMhoweverhasnotyetadequately
illuminatedtheimportantinteractionsbetweenthe
publicthesocioeconomicenvironmentthenatural
environmentandthemosquitocontrolorganization
Itappearsthattheparadigmcouldovercomemuch
ofitslimitationsifitweretoincorporatemore
systemsmethodologiesintoitsapproach

IPMinformedbybothecologicalandsystems
theorypresentsawiderangeofmetaphorsto
representnatureThisparadigmalongwiththe
systemsparadigmisbeinginfluencedbyour
increasedknowledgeofchaostheoryGleick1987

BioRationalParadigmInhispresentationto
theMCCCin1988DrBruceEldridgeDirectorof
theMosquitoResearchPrograminCalifornia
reportedadeclininguseofpesticidesandpredicted
anendtousesofconventionalpesticidesfor
mosquitocontrolinourprofessionallifetime He

felthoweverthatintheshorttermthe
conventionalpesticideswouldprobablybereplaced
byinsectspecificmaterialssuchasinsectgrowth
regulatorsandbacterialinsecticides Helauded

thesematerialsbecauseoftheirspecificitytotarget
vectorsandbecauseoflowhumantoxicity
According toEldridge the adventofbio

engineeringhadcreatedavastuntappedpotential
forcustomizingpresentinsectspecificmaterialsas
wellasthepossibilityofcreatingnewmaterials

Alreadyanumberofthebiorationalproducts
haveproveneffectiveinbothexperimentaltrialsand
actualusageMulliganandSchaefer1984Mullaet
al1988Kramer1989Infacttheuseofboth
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bacterialinsecticidesandinsectgrowthregulators
biorationalshasincreasedmarkedlysincethe
mid1970swhileconventionalpesticideusehas
declinedEldridge1988

Theuseofbiorationalshardlyseemsworthy
ofparadigmstatussinceitwouldseemtoserveas
justonenarrowcomponenttobeintegratedinto
oneofthemoreexpansivecompetingparadigms
Yetsomefactorssuggestitcouldbecomea
paradigmbydefaultinthesamemannerasthe
chemicalcontrolparadigm Acompellingforce
operatingforabiorationalparadigmisits
simplicityamajorfactorthatalsooperatedforthe
chemicalcontrolparadigmIfassomefearthe
future holds an insufficiency ofgraduating
professionalsinvectorcontrolScudder1988the
likelihoodincreasesthatthebiorationalapproach
willbecomeaparadigmbydefault

Itisquiteapparentthatthebiorational
controlparadigmprovidesalimitedperspective
KnowledgeaccumulatedintheMCCCbythebio
rationalcontrolparadigmwouldbegenerated
primarilybythefieldexperimentsconductedbyway
ofactualapplicationsofbiorationals The

technologiesoflarvaldetectionandidentification
biocideapplicationslarvalsusceptibilitytestingas
wellasresearchanddevelopmentofbiorational
productswouldbehighlydevelopedinthis
paradigmTheparadigmwouldbelargelyblind
howevertothecomplexityofthenaturaland
humanworldamajorfailing

Thisprospectiveparadigmisquitelimitedin
itsabilitytogeneratemetaphorstoprovideabroad
viewofnatureOnemetaphorthatcomestomind
isthatofanarmsrace Thetargetpopulationis
pressuredwithabiorationalpesticideitadapts
geneticallytosurvivethebiorationalisbio
engineeredandappliedagainandthecycle
continuesNatureatitssimplestinthismetaphor
wouldsimplybeatargetortheenemyAmore
complexinterpretationofthemetaphormightdepict
thetargetmosquitoasancoevolvingorganism
capableofultimatelyproducingtheRedQueen
Effectwhereinspiteofreciprocalescalationon
bothsidesneitherthemosquitocontrolagencynor
targetpopulationmakeanyrelativeprogress
Dawkins1987 Thismetaphorcanprovidea
powerfulperspectiveonthedynamicsrelationship
betweenthemosquitocontrolagencyandthetarget
mosquitopopulationItdoeslittlehowevertohelp
usenrichourunderstandingoftherelationship
betweenthetargetandtheenvironmentorthe



mosquitocontrolagencyanditsenvironment
ItisobviouslynottheintentionofDrEldridge

1988thatbiorationalsbeusedexcessivelyorto
the exclusion of other appropriate
physicalbiologicalapproachesYetthesimplicity
ofthispowerfulapproachmaywellleadtoanover
dependenceonbiorationalsjustasoccurredwith
chemicalpesticidesafterWorldWarIIExcessive
andsingularuseofthesepowerfultoolscouldgive
themparadigmstatusinthemindoftheusersThe
resultcouldbealimitedperspectivefortheMCCC
andmissedopportunitiesforsoundenvironmental
management

FindingsandImplications
Sincethedeclineofthechemicalcontrol

paradigminthemid1960s fourcompeting
paradigmshaveinfluencedtheMCCCbyshaping
mentalmodelsandgeneratingimagesofnature
BoththebiorationalandCMCparadigmsgenerate
limitedperspectivesofnatureTheCMCparadigm
emphasizinganengineeringapproachappearsto
havethemachinemetaphorlurkingatitscoreThe
biorationalparadigmdoeslittletogenerateuseful
imagesofnatureOnemetaphorthatofanarms
race portraysthetargetpopulationandthe
mosquitocontrolagencyascoevolvingorganisms
ThemetaphorisUsefulinthatitshowsthepossible
developmentoftheRedQueenEffectwherein
spiteofreciprocalescalationsonbothsidesneither
thetargetpopulationnorthemosquitocontrol
agencyhavemadeanyrelativeprogressDawkins
1987Thetwoparadigmsappearlimitedhowever
andseemtoofferlittlehopeinsolvingthecrisisof
visionintheMCCC

TheIPMandsystemsscienceparadigmsare
bothinformedbyecologicaltheoryandsystems
theorypromisingtheinfusionofrichandvaried
imagesofnature Theyalsoarecapableof
incorporating biorational approaches as a

componentoftheparadigm Animportant
contributionofsystemsscienceisthatitprovidesa
frameworkthatcanencompassthesocioeconomic
systemaswellasthenaturalsystem Amajor
shortcomingofsystemsscienceappearstobethe
lackofaccesstocurriculumbytheMCCCThe
primaryimagegeneratedbyIPMisofnaturein
balanceunfortunatelyafailingmythBotkin1990
Themajoradvantageofthesystemsscience
paradigmisthatitprovidesaframeworkwhich
connectsthesocioeconomicsystemswithecological
systemsIftheMCCCistoattainthebroadvision
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prescribedbyCapra1982andBotkin1990itis
vitalthatbothoftheseparadigmsbefurther
developedbyincreasedinfusionofecologicaland
systemstheory

ManagingParadigmsandMentalModelsinthe
MCCC

ThecurrentclimateintheMCCCsuggests
thatforcesareoperatingtopreventanyone
paradigmfromobtainingdominantstatus The

Universitiesarecuttingbackongraduatestrainedin
vectorecologyandIPMaccesstosystemsscience
curriculumbystudentsofvectorecologyseems
limitedthevectorcontrolprogramsofthestate
havebeencutbackdramaticallyinthelastdecade
reducingtheabilitytopromulgatetheconceptsof
comprehensive mosquito control in their

certificationandtrainingprogramsandfmallythe
biorationalapproachdoesnotyetseemindanger
ofbeingperceivedasaparadigm

There are both negative and positive
consequences associated with the continued

competitionoftheparadigmsOnepositivebenefit
isthatitisunlikelyinanatmosphereofcompeting
paradigmsthatananomalywouldescapedetection
duetoparadigmblindnessWhenanomaliesare
notseenbyadherentstoaparadigmthatproduce
themtheymaybeeasilyseenandemphatically
identifiedbyadherentsofotherparadigms A

problemassociatedwiththecontinuedparadigm
competitionwouldbethatadherentswouldtendto
activelysuppressnoveltyandinnovationwhenitis
outsidetheboundariesoftheirparadigm Yet

todaytheMCCCismuchinneedofnewandnovel
solutions BohmandPeat1987sayitmost
succinctly

Thecycleofperceptionandactioncannotbe
maintainedinatotallyarbitraryfashionunless
wecolludetosuppressthethingswedonot
wishtoseewhileatthesametimetryingto
maintainatallcoststhethingswedesire
mostinourimageoftheworldClearlythe
costofsupportingsuchavisionofrealitymust
bepaid

Perhaps the most serious problem of

continuingcompetitionbetweentheparadigmsis
causedwhenadherentstodifferentparadigms
ascribedifferentmeaningstothesamewordsFor
examplethewordmosquitoesspokentoa
memberoftheMCCCwillconjureupdifferent



imagesdependinguponhisorherparadigmIfhe
wereanadherenttobiorationalcontrolhewould
focusonknowledgeofmosquitoescenteringaround
theirrangeofbehaviorasimmatureandsusceptible
larvaeAnadherenttoIPMwouldlikelyvisualize
apopulationofmosquitoesmanagedtomaintain
susceptibility to insecticides Those in

comprehensivemosquitocontrolwouldlikelyfocus
onmosquitoesastheyareinextricablytiedtoa
particulartypeortypesofaquaticsourcesFinally
anadherenttothesystemsparadigmmightvisualize
themosquitoasaninformationprocessorcapableof
adeterminantnumberofstatesWhentheword

mosquito oranyotheroftheparadigmatically
definedtermsiscommunicatedtoatypically
heterogeneousgroupofindividualsoftheMCCC
themessageintendedtobesentbythespeakermay
beveryfarfromwhatisreceivedbythelistener

In a scientific community such mis

communicationmaybedivisiveFloodandCarson
1988havedescribedthepossibleoutcomesof
transparadigmdiscussion

Firstthattheopposingcampsliterallyignore
eachotherandcarryonmaturingtheirown
paradigmsbyinhousedebate Secondthe

transparadigm debate leads to further

entrenchmentinabattlebetweenparadigms
Thirdandlastthatanindividualmaychange
campsadoptinginitsentiretythewholesetof
philosophicalbeliefsandrejectingwhollythe
setofbeliefspreviouslysubscribedto

Inthefaceoftodaysenvironmentalchallenges
theMCCCcanillaffordtheinherentinefficiencies

oftheabovedescribedoptionsAfourthoption
wouldbeforindividualsintheMCCCtobetrained

intechniquestosurfacetestandimprovetheir
mentalmodelsOncetheskillsofmanagingmental
modelshavebeendevelopedandanethicof
opennesshasbeenestablishedtheforcesworking
foraparadigmshiftmaybebluntedIneffectthe
MCCCmightseektoprolongthecrisisstage
therebyprovidingtheadvantagesofinnovationand
noveltyassociatedwithextraordinaryscienceThe
MCCCcouldusetheimagesgeneratedfromanyof
thecompetingparadigmsastemporaryepistem
ologicaldevisesbywhichtoobtainadifferingview
oftheworld Theresultcouldbeagiantstep
towardmeetingthecrisisofperspectiveposedby
BotkinandCapra
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Conclusions

1Therearecurrentlytwocompetingparadigms
systemsandIPMinthemosquitocontrol
communityofCaliforniathatappearcapable
ofgeneratingavarietyofpowerfulanduseful
imagesofnature Bothparadigmsneed
furtherdevelopmentintheMCCCThebio
rationalparadigmshouldbesubsumedwithin
theframeworkofsystemsorIPM

2Nosingleparadigmiscurrentlypredominant
intheMCCCInsteadatleastfourarein
competitionwithbothnegativeandpositive
consequences Thenaturalpropensityto
advocatetheprinciplesofonesparadigmto
suppressnoveltytobeblindtophenomena
outsideparadigmaticboundariesandtoresist
conversioncangeneratedivisivenessinthe
MCCC Incommensurability between

adherentsofdifferentparadigmsconfounds
communicationandreinforcesthedivisiveness

OntheotherhandthefactthattheMCCCis
composedofadherentsofmorethanone
paradigmofferstheopportunitytogenerate
morenovelapproachesandtoreducethe
problemofparadigmaticallyinducedblindness
inthescientificcommunity

3TheMCCCnowhasauniqueopportunityto
managethe dynamicsofthe paradigm
competitionto obtain ahighlevelof
productivityofthekindassociatedwiththe
operationofnormalsciencewhileallowingthe
innovationandresultantcreativityassociated
withextraordinaryscience

4 Itisessentialthatappropriatewellplanned
actionbetakenimmediatelytosustainand
enhancetheperiodofextraordinaryscience
Theobjectiveshouldbetolearnmethodsto
avoidcognitivetrapscommonlyassociatedwith
adominantparadigmwhileutilizingparadigms
asusefulandtemporaryperspectives Senge
1990hasprovidedasynthesisofagreatdeal
ofworkaimedatthatgoal
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