
Preamble

Iamamanagerofamosquitoabatementdis
trictWemanagersworkrealhardWearealways
upgradingourprogramsItdoesntdoanygood
Thedistrictsdonotgiveussabbaticalleavetopre
ventburnoutInsteadofasabbaticalIpresenta
papereverydecadeorsotostepbackfromthe
treestolookattheforestThisissuchapaper

Introduction

Iwouldliketodiscussvectorcontrolfromthe

pointofviewofevolutionarytheory Thepaper
willprovidenonewinformationItwillhowever
focusonareasnotusuallystressedHopefullyit
willofferafreshperspectiveandmaybeevensome
insightAsanasideIneedtowarnyouthatcon
trarytotheteachingsofmyEnglishteachersIbe
lievemixingmetaphorescanbeexpressive

Thepaperisnotascientificpaperbutitis
somewhatlogicallydrivenTheprocesshasledto
somesuprisingconclusionsThepremiseofthe
papersuggeststhatavectorcontrolprogramwhen
suppressingavectorpopulationoperatesina
mannersimilartocoevolutionIfthisistruethen
weshouldexpecttolearnsomethingbylookingat
whatisknownaboutcoevolution

CoevolutionandtheRedQueen
Coevolutioniswhentwoormorespeciesin

teractinareciprocalfashionSpeciesAperhapsa
predatorappliesselectivepressuretospeciesBits
preywhichadaptstoavoidpredationcausingre
ciprocalselectivepressureonspeciesADawkins
1987amodernevolutionistdescribesthepro
cessasanarmsraceItischaracterizedbyesca
latingreciprocaladaptationsHeconsiderscoevo
lutiontobethemajormechanismbywhichpro
gressivenessisinjectedintoevolutionBothsides
willcontinuetoimprovetheirsurvivaladvantageas
longasneithersidegainsadecisiveadvantageDe
Angelisetal1986Evolutionsistsrefertothisas
theRedQueeneffectThetermreferstowhen

AliceinThroughtheLookingGlassisholding
handswiththeRedQueenandrunningfasterand
fasteryetstayinginthesameplace

Iwouldliketoextractthesalientfeaturesof

coevolutionandusethemtotesttheanalogywith
vectorcontrolThefirsttestwouldbetoseeiftwo
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ormoreorganismsareinteracting Thesecond

woulddetermineifeachsidecausesselectivepres
sureupontheotherresultinginreciprocaladapta
tionsThethirdwouldaskifthereisanincreasein

complexityonbothsidesThefinaltestwouldde
terminewhethereithersidegainsalongtermada
vantageorinotherwordswhethertheRed
Queeneffectisoperating

TheElegantProof
Inthefirsttestweaskwhetherthereisan

interactionoftwospeciesinvectorcontrolOnthe
onesidewehaveavectorpopulationobviouslya
speciesOntheotherwehavethevectorcontrol
organizationOneisanorganismOneisanorga
nizationOrganismorganizationcloseenoughfor
meThefirsttestpasses

ThesecondtestisnotsoeasyItaskswhether
bothsidesapplyselectivepressuretotheotherre
sultinginadaptationsLookingatthephenomenon
ofinsecticideresistancegivesaclearpicturehere
Thevectorcontrolorganizationappliesinsecticide
AThevectorpopulationdevelopsresistancetoin
secticideAcreatingacontrolfailureThevector
controlorganizationadaptsbyapplyinginsecticide
B

Thebestreasontouseresistanceasanexam

pleofcourseisthatthereisampleevidenceto
suggestthiskindofprocessofreciprocaladapta
tionisnotuncommonBrownandPal1971It
mayalsobethecasethatourvectorcontrolpro
gramsarepressuringthevectorpopulationand
creatingotherless evident adaptations A

mosquitopopulationunderlarvicidingpressures
mayadaptbyseekingmorecrypticlarvalhabitats
developingpesticideavoidancebehaviorincreasing
autogenyratesorshiftingtoalternatehostsfora
bloodmeal

Therearesomediscrepanciesintheanalogy
withtesttwo Thetimeframeinwhichvector

controloccursismeasuredindecadesEvolution

occursinageologictimeframeHowthencouldit
bepossiblethattrueevolutioncouldbegoingonin
suchashortperiodoftimeTheanswerliesinthe
factthatmostvectorsarerpestsConway1981
Theyproducegreatnumbersofindividualspre
adaptedformsthatarewidelydistributedintothe
environment Theenvironmentthenselectsthe



fittestFromthisperspectivethevectorpopulation
couldbeviewedasamachinegeneratinghypothe
sestobetestedThenaturalenvironmentoperates
astheselectionsystemonlythosehypothesesthat
passthetestsurvive

Itiswellknownthatrandommutationsof

genessupplythebasisforchangeinaspecies
Mutationscreatethenewideasforsurvivalifwe

canbeteleologicalforamomentButitisunlikely
thatmutationisoccurringatasignificantrateifat
allinthetimeframeofvectorcontrolBrownand
Pal1971Neverthelessthevectorpopulationhas
possiblystoredaheavyloadofhistoricalmutations
overgeologictimeThesemutationsaredistributed
inindividualprototypeswhicharegeneratedin
greatnumbersandvarietyconferringgeneticvari
abilitytothepopulationTheselectivepressures
appliedbyourrecentlyarrivedvectorcontrolpro
gramsaresimplychangingtheenvironmentaltest
toselectindividualvectorsthathavepreadaptedin
ageologictimeframe

Anotherdiscrepancyisevidentintheanology
whenwerealizethatadifferentkindofselection

andchangeisoccurringonthevectorcontrolside
Ourvectorcontrolprogramsacquirecharacteristics
throughourrationalprocessesandtheyarepassed
tothefutureasupdatedvectorcontrolprograms
ThisisaLamarkianlikeevolutionaryprocessthat
canresultinalmostinstantaneouschangeswhile
thevectorpopulationsmostelementalchanges
mutationsrequireageologictimeframeKorzy
binskiPostman1988recognizedthisasanenor
mousadvantagethatmanhasoverplantsandani
malswhenhedescribedmanasatimebinderIn

spiteofdiscrepanciesoftimeandmethodofevolu
tionhowevertheprevailingrelationshipbetween
thecontrolorganizationandthetargetorganism
asdemonstratedbytheexampleofinsecticidere
sistanceisthatoftwosidesinteractingreciprocally
Testtwopasses

Testthreeaskswhetherbothsidesincreasein

complexityAgainwecanusetheexampleofin
secticideresistanceInsecticideresistanceoccurs

whenindividualsinthevectorpopulationarese
lectedthatpossessaphysiologicmechanismto
detoxifypesticidesThephysiologicalcomplexityof
theseindividualsisgreaterthanthatofthoseindi
vidualswhocannotdetoxifytheinsecticideThein
creasedcomplexityisexpressedatthepopulation
levelastheselectionprocesscreatesahigherfre
quencyofresistantgenesinthepopulationOnthe
vectorcontrolsidewehavebeenforcedtointro
duceanotherpesticide Anobviousincreasein

complexityoftheprogramTestthreepasses
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Iwouldliketodigressforamomentonthis
matterofthecomplexityofavectorcontrolpro
gram Ouragencyiscurrentlyusingcomputer
simulationsTheyformalizeourdecisionmaking
andquantifythecomplexityofthedecisionAlan
BerrymanatourrecentAMCAConferencein
Seattleextolledthebenefitsofbottomupmod
ellingHefeltthisapproachwouldleadtopracti
calmodelsthatwerenomorecomplexthanthey
havetobeHesaidtostartsimpleandaddone
changeatatimeEachchangeisthenvalidatedor
discardedThevalidationprocessofcourseisto
testthemodelintherealworldDoesthisproce
duresoundhauntinglysimilartoevolutionFrom
thisperspectivethevectorcontrolorganization
couldbeviewedasamachinegeneratinghypothe
sestobetestedorvalidatedTherealworldop
eratesastheselectionsystemOnlythosehypothe
sesthatpassthetestsurvive

Thefinaltestmaybemadebysimplyaskingif
allofyouintheaudienceareholdinghandswith
theRedQueen Areyouworkingharderand
harderandnotmakinganyprogressYesIknow
thatsomeofthechangeswemakeareassociated
withsafetyenvironmentalorefficiencyconsidera
tionsbutcouldsomeofthechangesbeadjust
mentstoadaptationsmadebythevectorpopula
tionIneedonlygentlyremindyouofthe60sand
70swhentheterminsecticidetreadmillwasused

sooftentodescribeourprogramsThetermof
courseistheinfamousRedQueenindisguise

CaseclosedTestfourhaspassed

DarknessDescendsonVectorControl

Ifweacceptthelogicoftheprecedingargu
mentthenmustwenotalsoacceptthefollowing

Unlessweknowtheadaptivecapacityofa
vectorpopulationandwhetherourcontrolefforts
exceedthatcapacitywearedoomedtoeverin
creasingdemandstoupgradeourprogramwhile
gainingnosignificantlongtermcontrolbenefits
fromthechangesWearedoomedtorunningin
placewiththeRedQueen

Ohwhatdarknesshasdescendeduponvector
control

SciencetotheRescue

ThereishopeofcourseAreviewofthesci
entificliteratureshowsthatscientistsinourfield
aswellasotherfieldsareworkingontheproblem
CharlesTaylor1986isapproachingtheproblem
fromourpointofviewHehasinvestigatedbyway
ofcomputersimulationswhetherusingseveralin
secticidesatoncecreatesasurvivalhurdletoohigh



forapopulationtodevelopresistanceHehascho
senthetermsurvivalhurdletodescribeaquantity
ofcontroleffortinrelationtotheabilityofthe
vectorpopulationtosurvive

Geneticistsarealsolookingattheproblem
Theabilityofapopulationtosurviveisafunction
ofitsgeneticcompositionEvolutionarychangeis
atthebasiclevelachangeingenefrequencydis
tribution Geneticistsaredevelopingtechniques
thatwillenablethemtodeterminetheamountof

geneticvariationpresentinpopulationsofvectors
CockburnandSeawright1988Thesescientists
appeartobemovingtowardatimewhenwewillbe
abletodetermineanadaptivecapacityofthe
populationTheverypracticalandtimelyworkof
DrGeorghiouandotherresearchers1989atthe
UniversityofCaliforniaatRiversidedealsspecifi
callywithprovidinguswiththetoolstodetermine
genefrequenciesforinsecticideresistanceinvector
populations

Evolutionistsarecurrentlylookingatthe
sameproblemfromtheirperspectiveAterm
ecologicalloadhasbeendevelopedandmathe
maticallydefinedStenseth1985Thetermisre
latedtotheconceptofsurvivalhurdleThemag
nitudeoftheecologicalloadonaspeciesdeter
minesitsprobabilityofsurvivalorextinction

Wildlifebiologistscomingfromtheopposite
pointofviewthatofspeciespreservationhavede
velopedanotherrelatedmathematicalconcept
calledminimumviablepopulationsizeReedet
al1986Thetoolwouldbeusedtodeterminehow
largeapopulationwouldhavetobeabletomain
tainsufficientgeneticvariabilityovertimetoinsure
survival

Thismostcursoryreviewoftheliteraturehas
indicatedthatwildlifebiologistsevolutionistsas
wellasvectorbiologistsinspiteoftheirdifferent
perspectivesandobjectivesareallinterestedinde
velopingthetoolstomeasuretheadaptivecapac
ityofapopulationtoenvironmentalchangeIt
appearsthattheadvancingfieldofpopulationge
neticsholdsthekeySomewildlifebiologistshave
madeadirectpleatopopulationgeneticiststo
studytheproblemReedetal1986Ifeelthatwe
shoulddothesameWeshouldmakeeveryeffort
tosupportandunderstandtheirwork

Byrequestingsomuchofgeneticistsand
otherscientistsweplaceatremendousdemandon
sciencebutscienceisauniqueandpowerfulpro
cessThelateHeinzPagelsexpresseditwellwhen
helikenedthescientificprocesstoaselectivesys
temHebelievedthatscientificideasbecauseof
theirvulnerabilitytofailureimposedbytheactual
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orderofnaturearesubjecttoauniqueselfim
posedselectivepressureFromthisperspective
scientistscollectivelycouldbeviewedasamachine
generatinghypothesestobetestedThescientific
processlinkedtonatureoperatesastheselective
systemOnlythosehypothesesthatpasssurvive

Conclusions

Ibelievethepaperhasshowntheexistenceof
asignificantcorrespondencebetweencoevolution
andtheprocessofvectorcontrolIbelieveitleads
totheseconclusions

1OurprogramsmaysufferfromtheRed
Queeneffectexhibitingeverincreasingcomplexity
whilegaininglittleornolongtermadvantageover
thevectorpopulation

2 Itisincumbentuponustolearnmore
abouttheadaptivecapacityofthevectorpopula
tion

3Weneedameanstomeasureourcontrol

effortinrelationtothesurvivalhurdlethatwe

imposeonthetargetpopulation

4Weneedtoencourageandsupporttheef
fortsofpopulationgeneticistsandotherre
searcherstopursuethesematters

5Wildlifebiologistscouldbenefitfromas
wellascontributetosimilarresearch

6Wemayalsobenefitfromtheresearchby
utilizinginformationabouttheadaptivecapacity
ofwildlifespeciestodesigncontrolprogramswith
lessadverseimpactonwildlife

7Mostvectorpopulationshaveatleastone
significantadvantageoverusTheycanaffordby
virtueoftheirhighreproductiverateandgenetic
diversitytocreatemanycheapsurvivalmodelsto
betestedintheenvironmentWecannotafford

thiskindofapproach

8Wehaveourownadvantagesinourstrug
glewithvectorpopulations

AWeastimebindershavetimeonour
sideBymakingmanychangesinashortpe
riodoftimewearerobbingthevectorpopu
lationofageologictimeframe Thereis
thereforelittletimeformutationsthebasic
mechanismofchangeThevectorpopulation



mustdependuponhistoricalmutationsstored
asgeneticvariabilityinthepopulationInthe
nearfuturewemaybeabletodeterminethe
adaptivecapacitythattheirstoreofmuta
tionsrepresentsandusetheinformationin
designingourcontrolprograms

BThecontrolagencyhasanenormousad
vantageoverthevectorsbyevolvingthrough
LamarkianmethodsThecharacteristicsof

theprogramsareacquiredthroughrational
processesandpassedtothefutureThevec
torpopulationislimitedtobottomupsmall
incrementalchangeswhilethecontrolagency
canmakelargetopdownorbottomup
changesWearelimitedonlybytheextentof
ourknowledgeresourcesandcreativity

CFinallywehavescienceonoursideSci
enceisamostpowerfulselectivesystem
Pagels1988believedthatthepowerofsci
enceisderivedfromthefactthattheselective

processisultimatelylinkedtonaturalorder

Theconferencewhichwenowattendisan

armofscienceWeareheretoexchangeideasand
todiscussnewtechnologyWeareabletoselect
thoseapproachesandtoolsthataremostappropri
ateforourindividualprogramsFromthisper
spectivewespeakersattheconferencearepartof
aCMVCAmachinegeneratinghypothesestobe
testedYoutheaudienceoperateasaselective
systemThosehypothesesthatpassyourtestwill
survive
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