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California Mosquitoand Vector Control

AssociationInc
Volume50

ToacceptthedutiesasPresidentofAMCAisahumbling
andchallengingstepItisdifficulttostepintotheposition
heldthroughoutthepastyearsbysomanydistinguished
outstandingmosquitoworkersIintendtodomyverybestto
advancetheassociationastepclosertoitslongtermgoals
AMCAisauniqueorganizationOnereasonisthatitis

anassociationwithamixtureofoperationalpolicyresearch
bothappliedandbasicandcommercialpeople Alljoin
togetheraroundacommongoal thebestvectorcontrol

possiblefortheenhancementofthequalityofhumanlife
whilewiselymanagingtheenvironmentalresourcesAllof
thesepeoplecontributetheirparticulartalentsenthusiastically
sothatcollectivelythewelfareofpeopleisunproved
AMCAisasplendidexampleofpeoplejoiningtogetherand
puttingasideminordifferencestoaccomplishacommongoal

Ihopemydiversebackgroundwillenablemetobesensitive
toallfacetsofourdiversityinAMCA1amaNewYorker
whohaslivedfor20yearsinNorthCarolinasoIhave
experiencedandappreciatedifferingviewpoints 1have

beeninmosquitocontrolfielddevelopmentresearchformany
yearsinNorthCarolinaandinmuchearliertimesinthe50s
inthearmyinMarylandIhavespenttuneinscreeningand
testinginsecticidesasanemployeeofachemicalcompany
Inmyyoungermorecarefreedays1taughtanddidapplied
fieldworkininsectcontrolinthePhilippinesIntheyears
atNorthCarolinaStateUniversityIhavetaughtmedicaland
veterinaryentomologyandconductedresearchbothapplied
andbasiconrelatedpestproblems namelymosquitoes

Presentedatthe50thAnnualConferenceoftheCaliforniaMos
quitoandVectorControlAssociationattheCapitalPlazaHolidayInn
SacramentoCaliforniaApril18221982

PRESIDENTALADDRESS

RichardCAxtell

1982AMCAPresident

DepartmentofEntomology
NorthCarolinaStateUniversity

POBox5215RaleighNorthCarolina27650

April18221982

tabanidsGuiieoidestickseyegnatsandfilthfliesImust
admithoweverthatIhaveneverdonetaxonomicworkon

tnosquitoesneverrevisedagroupordescribedanewspecies
ForthisIamsureourtruetaxonomicmembersaregrateful
IthinkthatthisshowsthatIdohaveenoughcommonsense
torecognizewhenIamnotcompetant

AnotherreasonthatAMCAisuniqueisthatitisboth
nationalandinternationalAMCAworkswithandthrough
stateandregionalassociationsinmanyways mostcon

spicuousisourAnnualMeetingheldtraditionallywithalocal
hostassociation Wehelpeachotherandtogetherprovide
anationalstrengthtopromoteprofessionalmosquitocontrol
MoreandmorewehavemembersoutsideNorthAmericaand

arelookedtoforleadershipinmosquitoandvectorcontrol
Iplantopromoteinmytermthestrenghteningoftheseinter
nationalbondsThiswillbeofmutualbenefit1hadthe

opportunitytoparticipateintheregionalWHOSeminar
onIntegrated VectorControlinAdanaTurkeylastNov
emberandwefoundagreatdesireandneedforcloserinter
nationalties Weallsharecommongoalsandtechnology
regardlessofregionalornationalloyaltiesWearelivingin
changingtines Humanpopulationgrowthandeconomic
developmentarebasicworldproblemsMosquitocontrolis
increasinglysophisticatedItisunderstatingthecasetosay
thatwehavehadthetechnologyforalongtimeSomeofit
yesifwearejusttalkingaboutkillingmosquitoesButmore
andmorewearedealingwiththetriadofMosquitoesHumans
EnvironmentThemembersofAMCAareconcernedwith

allthreeHumanbehaviorandeconomicdevelopmentoften
rapidlychangetheenvironmentandincreasethethreatfrom
mosquitoesPeoplespoiltheirnestYouknowtheworld
wideexamplessuchasirrigatedcroplandmassivereservoir
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projectswastedisposallagoonssolidwastedisposal1happen
toworkontheproblemoforganicpollutionandtremendous
productionofCulexquinquefasciatussuchasfromanimal
wastelagoonsandonAedesproductionfrommanmade
coastaldredgedmaterialdisposalareasWehaveseveralpeople
inAMCAconcernedwithAnophelesCulexandPsorophora
populationexplosionsfromirrigatedricelandandpastures
Humanbehaviorandeconomicdevelopmentarecreating
problemsfasterthanourtechnologyandourfinancial
resourcescansolvethemYetatthesametimethereisa
declineininterestandfundingofoperationalandresearch
workonmosquitocontrol Thetruecostofeconomic

developmentisbeingunderestimatedbecausetheultimate
costsinhumandiseaseandneededmosquitocontrolarenot
beingrecognized
AMCAanditsmembersarefacingarealchallengein

conveyingtothecitizensandthepolicymakersthatwedo
notjustdealwithkillingmosquitoesRatherwedealwiththe
triadMosquitoes Humans EnvironmentAsacorollary
wehavetoincreaseourprofessionalismtrainingand
sophisticationofourtechnologyWehavemanypeoplein
AMCAwhohavemasteredtheartandscienceofmosquito
controlverywell OthersneedhelpWearemovingto
establishregionalAMCA CDCjointtrainingcoursesto
helpmeetthisneedforbettertraining

AllinallAMCAhasanillustriouspastandabright
future IfyouwillallpromotetheAMCAbybragging
aboutitateveryopportunityandbringinginnewmembers
bothnationalandinternationalwewillbeevenstrongerand
listenedtomoreTogetherwewillflourishandbetterserve
mankindIamgratfulfortheopportunitytoserveyouand
theAMCAinthecomingyear



AMEMORIALTOFINLAYREEDGORGASANDSOPERASMAJORCONTRIBUTORS
TOPRESENTDAYCONCEPTSESSENTIALFORCONTROLOFMOSQUITOBORNEARBOVIRUSES

ItisaprivilegetomenoralizethecontributionsthatCarlos
FinlayWalterReedandWilliamGorgasmadetoourunder
standingoftheepidemiologyandcontrolofdiseasescausedby
mosquitobornevirusesAsyouwillseeIhaveaddedFred
SopertothisdistinguishedgroupIalsotookthisopportunity
toreviewourpresentknowledgeofvectorbiologythatiscriti
caltothecontrolofepidemicsofthesediseasesinNorth
America

Firstletmereviewthesignificanceoftheearlycon
tributionsoftheabovepioneersinthisarcaofscience

Thefirstmajordiscoveryrelevanttothecontrolofarbo
viraldiseaseswasin1900whenReed19011902reported
ontheYellowFeverCommissionsstudiesinCuba The

studieswerebasedinlargepartontheobservationsand
hypothesesdevelopedbyaCubanCarlosFinlayTheYellow
FeverCommissionreportedthattheyhadtransmittedyellow
feverfrommantomanbythebiteofamosquitoAedes
aegypti Gorgas1911quicklyappliedthesefindingsina
programforcontrolofAeaegyptiandsuccessfullyeradicated
yellowfeverfromCubawhereithadprevailedforover150
yearsControlofthismajormosquitobornediseasedepended
onthefindingandremovalortreatmentofalmostevery
breedingsourceofthevectorinthedomesticenvironment
Theprincipalwastoreducethevectorpopulationbelowthe
thresholdlevelessentialtomaintaintheviraltransmissioncy
cle

SubsequentlyeradicationofAeaegyptibecamethefocus
ofamajorprogramoftheRockefellerFoundationledbyFred
Soper1943Forpracticalpurposesyellowfeverwascon
trolledanderadicatedfrommajorurbancentersoftheWorld
whereithadprevailedforoveracenturylloweverthedis
coveryofjungleandruralcyclesofyellowfeverinthe
AmericasandAfricaStrode1951putadamperonthe
hopesofyellowfevereradicationandexplainedthereappear
anceofvirusinurbancenterswhereithadbeeneradicated

SubsequentlyaneffectivevaccinewasdevelopedThielerand
Downs1973andthisprovidedanalternativeapproachtopro
tectruralpopulationsinareaswherevectorcontrolwasim
practical

Thepointoftheprecedingbriefhistoricalreviewwasto
emphasizethatforover80yearswehaveunderstoodtheepi
demiologicalfactorsthatcontrolthespreadofamajormos
quitoborneviraldiseaseStudiesoverthepast40yearshave
extendedthisknowledgetoawidearrayofotherarboviruses
includingthedemonstrationthatpreventionandcontrolof
epidemicscausedbysuchagentsisfeasiblebyvectorcontrol
althoughitisexpensive

WilliamCReeves

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCaliforniaBerkeleyCalifornia94720
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Myconcernisthatpermanentandeffectivecontrolpro
gramsformosquitobornevirusesarenonexistentinmost
areaseventhoughwecontinueinamostimpressivefashionto
addtoourepidemiologicalknowledgeofthediseases
associatedwithmosquitobornevirusesandhaveextendedour
degreeofsophisticationregardingthevectorsandthecausative
viruses

Theabovebackgroundonyellowfeverinitsurbancycle
serveswellforanextensionofthediscussiontodenguefever
Ithasbeenknownsince1902Graham1903thatdengue
feverwasaviralinfectiontransmittedinanurbancyclebyAe
aegyptiInrecentyearsitwasfoundthatfourdistinctviruses
cancausethediseasethattheinfectionspectrumgoesfrom
inapparentinfectionthroughfebrileillnessestohemorrhagic
fevershocksyndromeanddeathandthattherearealter
nativevectorstoAeaegyptiparticularlyinthePacificarea
Noneoftheseimportantfindingshavechangedthebasiccon
ceptthatdevelopedfromtheyellowfeverstudiesnamely
thatreductionofthevectorpopulationtolevelsthatcannot
supportthetransmissioncycleisthemostfeasibleapproach
tocontrolInspiteofthisknowledgethedenguefeverscon
tinuetooccuratendemicorepidemiclevelsorarereintro
ducedrepetitivelyoverextensiveareasofAsiathePacific
andCaribbeanIslandsandSouthandCentralAmericaAsa
furtherexpansionofthisconcernanAeaegypticontroland
eradicationprogramwasmakingexcellentprogressinthe
UnitedStatesinthe1960sSmith1967whenourgovern
mentdecidedthatitwascostingtoomuchandwasntthatim
portantTheannualbudgetin1968was16milliondollars
and2610personswereemployedForpracticalpurposesthe
programwasabandonedwithintwoyears Majorurban
centersintheSoutheasternUnitedStatesnowreportthatAe
aegyptiisamajorpestandIassumethatthesearepotentially
receptiveareasfordengueandyellowfever

Untilrecentlytheoccurrenceofdenguewasreferredtoasa
problemoftheunderdevelopedareasoftheWorldIfthisis
thecasewecannowincludepartsofTexasandQueensland
Australiainthatclassificationasdengueviruswasreintro
ducedintothoseareasandtheywerereceptiveastherewasan
adequatepopulationofAeaegyptitosupporttransmission
andtherewasasusceptiblehumanpopulation

Arbovirusepidemiologistswerenotsurprisedandhadanti
cipatedthesedevelopmentsThepointisthattherewasno
concertedefforttocarryouttheprinciplesofvectorcontrol
thatwereestablishedbyGorgasandSoperAdenguefever
epidemicwasreportedrecentlyinCubawithover300000
casesand158deathsThiscouldnothavehappenedinthe



early1900satthetimeofGorgassuccessfulvectorcontrol
program TheresponseoftheCubangovernmentisnote
worthyandisreportedindetailintheEpidemiologicalBul
letinofthePAHOAnonymous1982TheCubanGovern
menthasestablishedaprogramthatcanserveasamodelfor
completeresponsewhichincludesislandwidehousetohouse
searchforanderadicationofAeaegyptiwhichisbeingsup
plementedbyislandwideapplicationsoforganophosphorous
insecticides Irecommendtheabovereportasessential
reading FewcountriesintheWesternHemispherearepre
paredtomeettheinevitablehighcostofsuchaprogram
today 1wouldaddthatdenguevirusinfectionshave
remainedendemicinPuertoRicoandSoutheastAsiasincethe

1960sinspiteofanyeffortstoestablishcontrolprograms
IhaveexpressedconcernpreviouslyReeves19721980

ashaveothersDowns1981thatareaswheredengueviruses
prevailarepotentiallyreceptivetoyellowfeverArecentcon
ferenceonyellowfeverWoodall1981reiteratedthisconcern
andrecommendedtheuseof17Dvaccineintheeventofan

epidemic Howeverfurtherstudyrevealedthatonlyseven
milliondosesofthevaccinewereavailableintheWorldand

thatthissupplyprobablycouldnotbedoubledintheevent
ofanepidemic Thatamountofvaccinewillnotcontrol

yellowfeverifitisintroducedintomajorurbancentersinthe
AmericasAsiaorAfricaSimilarlythereislittlechancethat
effectivevaccinesforotherarboviruseswillbeavailablein

largeamountsinthenearfuture

Idonotbelievethatthefailuretocontroldengueoryellow
feverisforlackofknowledgeonthepopulationsatriskthe
causativevirusesorwhichmosquitoesarevectorsInFebruary
ofthisyear1presentedapaperReeves1982attheInter
nationalSeminaronViralDiseasesinSouthEastAsiaandthe

WesternPacificontheexpandinggapbetweentheepidemio
logicalknowledgeofarbovirusesandtheireffectivecontrol
1concludedthatvectorcontrolprogramswereineffective
becauseof

1Aprimarydependenceoninsecticidesratherthansource
reductionforvectorcontrol

2Legalrestrictionsontheuseofinsecticidesandlackofa
legalbasisforwaterresourcemanagementinbothurban
andruralenvironments

3Alimitedknowledgeofvectorbehaviorthatisessential
forcontroloftheadultfemalepopulationthatistrans
mittinginfection

4Alowprioritybypoliticalbodiesforfundingofcontrol
programsduetolackofbeliefbythepublicthatthereisa
needforactionuntilanepidemicisinprogressorapest
populationisoutofcontrol

5Anacuteshortageofadequatelytrainedpersonstoinvesti
gatetheproblemsandinitiateeffectivecontrolprograms

Ibelievethatthesecommentsareequallyapplicableto
controlofthemosquitoborneviraldiseasesthatprevailin
NorthAmericaandthatconcernthemajorityofthisaudience
Whataremythoughtsontheproblem

WesternequineencephalomyelitisWEEEasternequine
encephalomyelitisEEEStLouisencephalitisSLEand
representativesoftheCaliforniaencephalitisCEcomplex
aretheprincipalmosquitoborneviraldiseasesofconcernin
NorthAmericaOnaninternationalscopewecouldadd
JapaneseencephalitisMurrayValleyencephalitisWestNile
Venezuelanequineencephalitisandotherdiseasesasexamples
Theseinfectionsdifferfromyellowfeverandthedenguesin
thattheyrarelyorneverarespreadfrommantomanbya
vectorbutratherdependontransmissionbetweenwildlife
hostsortransovarialinfectionintheirvectorsfortheirbasic

maintenanceSpreadtomanisanaccidentaleventandofno
importanceinviralperpetuation Regardlessofthatthe
principlesdevelopedbyGorgasandSoperapplyreducethe
vectorpopulationtothresholdlevelsbelowthatrequiredfor
effectivetransmissionifyouwishtopreventepidemicsTo
accomplishthatobjectiverequirestheestablishmentofa
longrangeprogramofvectorabatementbackedupwitha
surveillancesystemandacapacitytoactrapidlywhenenviron
mentalconditionsprovideawarningofimpendingepidemics
thatwillrequireemergencyabatementoflargeadultvector
populations

DetailedepidemiologicalstudiesofWEEandSLEin
CaliforniaReevesandHammon1962providedabasisfor
developmentofastatewidesurveillanceprograminCalifornia
inthe1960s Similarprogramseachtailoredtofitthe
epidemiologicalvariationsofthedifferentmosquitoborne
virusesthatprevailarenowestablishedinatleast18states
andseveralprovincesinCanada TheVectorBorneViral

DiseasesDivisionoftheCentersforDiseaseControlsum

marizesinformationthatisgatheredintotheirEncephalitis
SurveillanceReports Thesixtypesofinformationthat
representthecorecontentofanarboviralsurveillanceprogram
ReevesandMilby1980areknowledgeon

1Wateravailabilityfromprecipitationandotherwater
resourcesthatareavailableforvectorproduction

2Occurrenceoftemperaturesthatfavorordisfavordevelop
mentofvectorpopulationsandviraldevelopmentinthose
populations

3Monitoringthelevelsoftheprimarymosquitovector
populations

4Viralactivityin
aVectors

bSentinelhosts

cClinicalcases

5Theeconomicmanpowerandequipmentresourcesavail
ableforroutineandemergencyvectorcontrolprograms

6Assessmentoftheprobableeffectivenessofalternative
programstocontroltheadultfemalevectorsthatare
infectedandaretransmittinginfection

Itmustbeemphasizedthatsurveillanceisbasedonin
formationgatheredatandusedbyagenciesconcernedwith
controlatthelocallevelCentralizedreportingandservices
atthestateornationallevelonlyservetospreadknowledge
andtoextendthesystemtoabroadergeographicalarea



TheexperiencesinKernCountyCaliforniain1958
Reevesetal1964DallasTexasin1966Hopkinsetal
1975andManitobaCanadain1981demonstratedhow
impendingorinprogessepidemicsofWEEandSLEcanbe
attackedandhowimportantasurveillanceprogramcanbe
Thereisnoreasontoquestionthattheemergencycontrol
ofvectorpopulationsintheseandotherepidemicshada
desirableeffectAtthesametimeIbelievethatwelearned

certainlessonsfromtheseexperiences
Whenemergencycontrolprogramshavetobeinstituted

inanepidemicthecostofhumansufferingisalreadyhigh
Therewere15WEEand2SLEcasesinKernCounty145
casesofSLEintheDallasepidemicand25casesofWEE
inManitobaCaseswillhaveoccurredandotherindividuals

willbeintheincubationperiodwhentheemergencyprogram
isstartedSuchprogramsareexpensivealmost2000000
wasspenttoapplyULVBaygonbyairoveranareaof
450000hectaresover1000000acresinManitoba
Programscanalsobeineffectivebecauseofinsecticide
resistanceofthevectorordelaysinactionbyendlessdebate
overthehealthimplicationsofinsecticideexposureorregula
tionsthatlimittheuseofeffectiveinsecticidesHoweverwe

havecomealongwaysfromthe1950sand1960saswenow
knowthatcontroloftheadultfemalevectorsthatareinfected

andaretransmittinginfectionistheonlymeasurethatwill
immediatelyabateanepidemicofWEEorSLEULVaerial
applicationofinsecticidesisthecurrentmethodofchoice
tocontrolsuchepidemicsEliminationoftheinfectedand
infectivemosquitopopulationoveralargegeographicareafor
the45dayperiodofviremiainvertebratehostswilleliminate
theetiologicalreservoirandpreventnewinfectionsinthe
vectorsandtransmissiontohumans

Iwantnowtoidentifysomeareasofresearchonthebio
logyofvectorsofarbovirusesthatwillfurtherourknowledge
oftheepidemiologyoftheseinfectionsandimproveprograms
tocontrolthediseasesIntheinterestoftimeIwillpresent
conceptsandproblemsratherthandetaileddata

Theovariesoffemalemosquitoescontainmarkersthat
allowustoseparatenulliparousfromparousindividuals
Thesemarkerscanbeusedincombinationwithfluorescent

dustsinmarkreleaserecapturestudiestomakeestimatesof
adultsurvivorshipandpopulationlevelsMilby1979Nelson
etal1978NelsonandMilby1980Theresultinglifetables
havecontributedtoourunderstandingofthedynamicsofviral
transmissionandledustofullyappreciatethattheolder
viraltransmittingfemalesarerelativelyfewinthepopulation
andshouldbetheprimarytargetforcontrolintheeventofan
epidemic

Howeverthereisagapinourknowledgeifwewishto
implementsuchprograms1donotknowofanycurrentin
depthfieldresearchtodetermineiftheusualultralowvolume
applicationsofinsecticidesforadultmosquitocontrolare
equallyaffectiveagainstparousandnulliparousfemalesold
versusfreshlyemergedfemalesorfemalesderivedfrom
insecticide resistant versussusceptiblelarvalpopulations
Suchdataareessentialiftheobjectiveofepidemiccontrolis
toeliminatetheolderadultvectorpopulationandinterrupt
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viraltransmission

Testsofmosquitopoolsforviralisolationsisamost
importantaspectofsurveillanceprograms Howeverlittle

attentionhasbeengiventothecollectingtechniquesforsuch
poolsAmethodmaybeselectedbecauseitiseasyandwill
providelargesamplesratherthanbeatechniquethatwill
assurethatthesamplescontainsignificantnumbersofthe
feedingparousfemalesthatcanbeinfectedandtransmit
virusThereislittlepurposeintestinglargenumbersoffreshly
emergednulliparousfemalesunlessoneislookingfortrans
ovariallytransmittedviruses

Ifavectorcontrolprogramistobeeffectiveandepidemics
aretobecontrolleditisessentialthattheprimaryvector
speciesbeidentifiedforeachvirusintheareaofconcernWe
usedtoassumethattheisolationofvirusfromaspecieswas
sufficientreasontocondemnaspeciesasavectorWenow
knowthisisnotsoasstudiesonvectorcompetenceHardyet
al1979haveshownthatmanyspeciesthatfeedoninfected
vertebratehostswillingestvirusbutareineffectivevectors
Asignificantnumberofeventhemostefficientprimaryvector
speciescanbeinfectedwithbutnevertransmitviruseseffect
ivelyThefollowingexperiencesillustratetheproblemWe
haveobservedthatthelevelsofWEEviraltransmissioncan

remainloworbeundetectableinaCxtarsalispopulationthat
hasrisentoahighleveloveranextensiveareaReeves1970
Thiswascontrarytoourearlierepidemiologicalexperience
andrequiredanexplanationWealsohadobservedthatin
yearsofhighlevelsofviraltransmissionanaverageofonly
oneinfourCxtarsalisinfectedwithWEEviruscouldtransmit

infectionReevesetal1961 Itseemedunlikelythata
failuretohavecompletedtheextrinsicincubationperiodwas
asufficientexplanationfortheseobservations

Studieshaverevealedtherearewidevariationsinthevector

competenceofCxtarsalissubpopulationsforWEEvirus
Hardyetal1976Subpopulationshavebeenselectedfroma
singlecolonythatareeitherhighlyresistanttoorhighly
susceptibletoWEEviralinfectionandresistanceisarecessive
genetictraitHardyetal1978TooursurprisemanyCx
tarsalisthatbecameinfectedwhenfedonlowtiterviremias

nevertransmittedinfectionbybiteeventhoughthevirus
multipliedtohighlevelsafterincubationforover21daysat
hightemperatures Thesestudiesrevealedthattherewere

dosedependentgutandsalivaryglandbarriersthatlimited
vectorcompetenceKrameretal1981Thestudiesarenow
extendedintoverysophisticatedevaluationsoftheinfluence
onviralinfectionofcellreceptorscellmembranesenzymes
inhibitingsubstancesinhaemolymphandvarioustemperatures
ofincubationinthevector

Extrinsicincubationtemperatureshaveprofoundeffects
onthegrowthofdifferentvirusesintheirvectors Itis

interestingthatnostudiesonextrinsicincubationofarbo
viruseshavebeendoneinclimatechambersthatduplicatethe
fluctuatingtemperatureswherevectorslive Suchstudies

couldleadtoexcitingandunexpectedresults
DrHardyandassociatesarestudyingtheinteresting

questionofwhyCxtarsalisistheprimaryvectorofSLE
virusintheWesternUnitedStateswhiletheCulexpipiens
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complexalthoughabundantinthesamearcaisasecondary
vectoratbestIncontrastinotherpartsoftheUnitedStates

theCxpipienscomplexisaprimaryvectorofSLEvirusdur
ingepidemicsMonath1980Vectorcompetencestudiesindi
catethatCxtarsalisisanefficientvectorofSLEviralstrains

collectedfromawiderangeofareasintheUnitedStatesIt
hasfewsalivaryglandbarrierstoefficienttransmissionIn
contrastCxpipiensfromCaliforniaisaninefficientvectorof
CaliforniaviralstrainsascomparedwithCxlnrsalisThere
areseveralhypothesestoexplainthesedifferenceswhichare
understudyThesignificanceisthatwithconflnnationwe
willbeabletoconcentratevectorcontrolprogramsinCal
iforniaandotherwesternareasonthecompetentCxlnrsalis
eventhoughCxpipiensareabundant

FieldstudiesonthelifetableofadultfemaleCxtarsalis

combinedwiththestudiesonvectorcompetencehavemadeus
realizehowtenuousviraltransmissioncyclescanbeWefind
forCxtarsalisthatthefertilityrateoffemalessurvivalof
iinmaturesandresultingnumbersofadultfemalesisquite
lowascomparedtotheaverageofover150eggsdepositedper
femaleateachovipositionOnceanadultfemaleemergesshe
doesnotmateuntil24to48hoursofageIfautogenousshe
delaysthefirstbloodmealuntilovipositionofthoseeggsfour
tofivedayslaterHerfirstpossiblecontactwithaviremic
bloodmealisatthreetosixdaysofageandthemajorityof
suchmealswillnotbevircmicMeanwhiledailymortalityor
lossesfromtheresidentvectorpopulationbydispersalmay
rangefrom25to40perdayNelsonandMilby1980Nelson
etal1978Evenifinfectedwithvirusasurvivingfemale
probablywillovipositandseekthenextbloodmealwithinfive
tosevendaysatwhichtimeshemaynothavecompleted
extrinsicincubationsoshecannottransmitinfectionShe

musttakeathirdbloodmealandbeacompetentindividual
whohaspassedvirusininfectiousquantitiesintothesalivary
glandsandthehostmustbesusceptibletoinfectionorthe
cycleisbrokenThisbiologicalsituationissotenuousthat
youmustwonderhowarbovirusespersistandwhytheyarc
sohardtocontrolbuttheydoHoweverthisbackground
increasesourconfidencethatdetailedknowledgeoftheinter
actionofbiologicalvariablesisthcbasisforplanningthemost
efficientvectorcontrolprogramTheolderviraltransmitting
femalevectorpopulationsareclearlyidentifiedastheprimary
targetintheeventofanepidemicAneffectiveadulticiding
programshouldincreasedailymortalitytoover90which
shouldstoptheviraltransmissioncycle

1couldextendthisdiscussiontoconsidertheimportance
ofgeneticstudiesonvectorsothertypesofbiologicalstudies
andstatisticalmodellingofvectorpopulationsbuttimewill
notpermitSufficienttoconcludethissectionwithmybelief
thatmanysuchareascanstillbestudiedprofitablytoimprove
controlprogramsandepidemiologicalstudies Wehavea

widearrayofnewtechniquesthatcancontributetothe
studiesUntilrecentlyithasbeenrelativelyeasytoobtain
fundsforbasiclaboratoryresearchonvectorsandtotrain
studentsandstaffbutthisisnolongertrueIthasalways
beenandwillcontinuetobedifficulttoobtainadequate

fundingtoputintooperationandmaintaineffectivecontrol
programsSoIreiteratethepointImadeattheopeningof
thispaperthatwehavethebasictoolstoextendourepi
demiologicalknowledgeandtoimplementeffectivecontrol
programsbutmustcontinuetodevelopmorecompleteknow
ledgeandincreasedcontrolefficiencyinthoseprograms

Ibelievethatwemustallmakeanefforttoinfluence

thepublicanditselectedofficialstoutilizepresentknowledge
foreffectivecontrolofarboviraldiseasesSuchactionisa

mostfittingmemorialtothecontributionsofFinlayReed
GorgasSoperandtheirsuccessors
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INTERNATIONALDEVELOPMENTSINTHECONTROLOFINSECTVECTORSOFDISEASE

INTRODUCTIONDuringthepast35yearssomespec
tacularsuccesseshavebeenachievedinthecontrolofcertain

vectorbornediseasessuchastyphusplagueandmalariabut
therecentresurgenceofmalariaandtheincreaseinsomeof
thevectorbornediseaseshavepresentedsomeproblemsOn
theotherhandverysuccessfulongoingprogramsegfor

1FormerlyChiefVectorGeneticsandBionomicsWorldHealth
OrganizationGenevaPresentaddress38ChduPontCcard1290
VersoixGenevaSwitzerland

RPall

ABSTRACT

Chemicalpesticideshavebeenthefoundationofagriculturaland
publichealthpestcontrolforseveraldecadesandarelikelytoremain
themainstayforthecontrolofvectorbornediseasesintheforeseeable
futureTocombattheacceleratingdevelopmentofpesticideresistance
ininsectvectorsofhumandiseaseswhichhasbeenexacerbatedbythe
heavyuseofagriculturalchemicalstheWorldHealthOrganization
WHOhasbeencarryingoutacomprehensiveprogramofresearchon
vectorbiologyandcontrolincollaborationwithitsRegionalOffices
theMemberStatesandthroughCollaboratingCentersTheprogramis
aimcdatunderstandingtheecologyandpopulationdynamicsof
vectorsevaluationandtestingofnewinsecticidesandnewtechniques
ofapplicationpreparationofcountermeasurestotheinsecticide
resistanceproblemthesearchforanddevelopmentofbiological
controlagentsforcontrolandintegratedcontroloftheimportant
insectvectorsofdiseaseWHOhasalsostressedthattheactivepar
ticipationofthepeopleandthecommunityisessentialifabatement
andcontrolofdiseasevectorsarctobeeffectiveandeconomically
achievedThispaperpresentsabriefresumeofrecentdevelopments
whichshouldhelptodispelsomeofthepessimisticviewsthathave
beenexpressedCertaintrendsthathaveemergedduringthepastfew
yearsmaybepointerstothefutureandarebrieflydiscussed

thecontrolofonchocerciasisinWestAfricaindicatethat
othervectorbornediseasessuchasfilariasistrypanosomiasis
Chagasdiseaseleishmaniasisandschistosomiasiscouldalso
bebroughtundermoreeffectivecontrolHoweversometimes
concernhasbeenexpressedforexampleWeareatcross
roadstodayinourabilitytocontrolthesediseasesWehave
reliedonchemicalinsecticidesasamajormethodofvector
controlbutgrowingproblemsofvectorresistancetothe
insecticidestheirrisingcostsandmajorconcernsregarding
theirenvironmentalimpacthaveintroducedanelementof
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uncertaintyandtechnologicaldespair Thereisnodoubt

thatalternativestrategiesarerequiredforlongtermsolutions
totheproblembecausetheneedforvectorcontrolparti
cularlyindevelopingcountriesremainsundiminishedPre
valenceofsomeofthevectorbornediseasesintheworldis
giveninTable1

Increasingemphasisisthereforenowbeingplacedon
researchandfieldtrailsofalternativemethodsofvector
control TheWorldBankUNDPWHOSpecialProgram
forResearchandTraininginTropicalDiseasehasestablisheda
scientificworkinggrouptosupportpriorityresearchon
biologicalcontrol Thisgroupwillfurtheraugmentthe
effortsofWHOsVectorBiologyandControlDivisionwhich
hasalreadybeenlookingintoproblemsofinsecticidere
sistanceaswellasalternativemethodsfortheintegrated
controlofinsectvectorsofdisease

Concurrentlywiththesetechnicaldevelopmentsfar
reachingchangeshavetakenplaceinthehealthpolicesofthe
worldIn1977theWorldHealthAssemblydecidedthatthe
mainsocialtargetofgovernmentsandWHOwouldbethe
attainmentbyallthepeopleoftheworldbytheyear2000
ofalevelofhealththatwillpermitthemtoleadasocially
andeconomicallyproductivelifepopularlyknownasHealth
forAllbytheYear2000 In1978aninternationalcon

ferenceonPrimaryHealthCareheldinAlmaAtaUSSR
statedthatprimaryhealthcarewasthekeytoattainingthis
target In1979theWorldHealthAssemblylaunchedthe
GlobalStrategyforHealthforAllwhenitendorsedtheAlma
AtaReportandDeclarationandinvitedMemberStatestoact
individuallyinformulatingnationalstrategiesandcollectively
informulatingregionalandglobalstrategies Thisglobal
strategywasadoptedbytheWorldHealthAssemblyin1981
Thestrategyisbasedontheconceptofcountrywidehealth
systemsbasedonprimaryhealthcareThestrategyinvolves
specifyingthemeasurestobetakenbyindividualsandfamilies
intheirhomesbygovernmentsandbythehealthservicesat

Table1Prevalenceofsomeofthevectorbornediseasesintheworld

Carriers
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20000000

afewthousand

12000000

afewhundred

afewhundred

malaria

Disease

lymphaticfilariasis

schistosomiasis

onchocerciasis

Africantrypanosomiasis

Chagasdisease

yellowfever

plague

theprimaryandsupportinglevelsItalsoinvolvesselecting
technologythatisappropriateforthecountryconcernedin
thatitisscientificallysoundadaptabletovariouslocal
circumstancesacceptabletothoseforwhomitisusedandto
thosewhouseitandmaintainablewiththeresourcesthe

countrycanaffordCrucialtostrategyismakingsureofthe
socialcontentsofthehealthinfrastructureandtechnology
throughahighdegreeofcommunityinvolvement

Thusforexampletheglobalstrategyformalariacontrol
envisagesthedelegationofresponsibilityandresourcestothe
communitiessothatwherepossibletheywillcarryoutagreed
componentsofthehealthprogramsuchasinsecticide
spraying Operationalproblemsarisingfromthesocio
economiccontextwithinwhichthecontrolofvectorborne

diseaseshastobecarriedoutincludethefollowingalimited
financialresourcesespeciallytheavailabilityofhardcurren
ciestothedevelopingcountriesbveryoftenlimitedtrained
manpowerespeciallyintheperipheralruralareascsome
timeslowpopulationdensitiesoverawideareadinsome
areasdifficultiesinaccessduringpartoftheyearbecauseof
heavyrainfallandetherepetitivenatureofvectorcontrol
treasuresetc

CHEMICALCONTROLWHOhasoperatedaprogramfor
theevaluationandtestingofnewinsecticidesforabout20
yearsUptonowabout2000compoundshavebeenevalu
atedfortheireffectivenessagainstdiseasevectorsandsafety
toman Unfortunatelythenumberofnewcompounds
enteringtheschemehasdecreasedprogressivelyinrecent
years

Forexamplein1978nonewcompoundswerereceived
andin1979onlysixcompoundsweresubmittedfortesting
Theindustryhashoweverrecentlybeenapproachedanew
anditishopedthatnewcompoundsandnewgroupswillbe
forthcoming Themethodusuallyfollowedtocountereact
insecticideresistanceistochangetoanotherinsecticideHow
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250500000000

500000000

100000000
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3100000000
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everthisapproachisonlypossibleifalternativeinsecticides
areavailable Itseemsclearthatabetterlessonshouldbe

learntfromourcurrentknowledgeaboutthedevelopmentof
resistanceieadeliberatepolicyonusageshouldbeintro
ducedtoensurethattheusefulnessofaninsecticidewillbe

maintainedoverthelongestperiodpossible Amongthe
parametersthathavebeenexaminedinsimulationexperiments
aretherelativeeffectofthedoseoftheinsecticideemployed
theapplicationandselectionthresholdsalteringselection
relaxationschedulesresidualvectorswhichpermitthepreser
vationofgenesthatconfersusceptibilitylowerreproductive
fitnessofresistantgenotypestheinfluxofsusceptiblemi
grantsandthevaryingdecayratesofinsecticideresistance
Certainproposalsforpossiblecontrolmethodologyshave
emergedfromthesetheoreticalstudiesonthedynamicsof
resistancesuchas

aDosagemanagementandthecontrolofgenedominance
withresidualinsecticidesitisclearthatselectionandevolution

ofresistanceisaffectedstronglybythetoxicityoftheresidues
towardstheheterozygoteHoweversincechemicalresidues
aresubjecttoweatheringtheselectioniscontinuouslymodi
fiedbytherateatwhichtheinsecticideresiduetendstodisap
pearResistanceevolvesfasterwithmorepersistentchemicals
andisdelayedwiththelesspersistentchemicalsdepending
uponthemigrationofsusceptibleindividualsItwouldseem
thattheprolongedstabilityofresidueswhileadvantageous
economicallymightinfactbedetrimentaltothespeedof
developmentofresistance

bMosaicapplicationofchemicalsreductionofinsecticidal
selectionpressurebycontinualdilutionofthesurvivingseg
mentofthepopulationasaresultofmutualpopulation
exchangeduetonaturaldispersal Themosaicenvisaged
wouldnormallyemploytwoorthreeunrelatedinsecticides
thusmaintainingoverallinsecticidecoverageoftheoperational
area

c Mixturesrotationandoptimumsequentialusageof
chemicalssomeofthetheoreticalpaperspublishedonthe
subjectsuggestthatwherechemicalswithcontrastingmodes
ofactionanddetoxicationpathwaysareemployedadelay
intheonsetofresistancemightresult Insectsthatmay
surviveoneofthechemicalsarekilledbytheotherAta
recentmeetingoftheEuropeanSocietyofNuclearMethods
inAgriculture1981theevolutionofresistancecontrol
strategieswasdiscussedThequestionofwhetherisolationis
tobepreferredtoimmigrationwasthoughttobeacomplex
matterwhichrequiredfurtherclarificationTherewasalso
discussionaboutwhatconstitutedfitnessofRgeneHowever
assumingequalreproductivefitnesswhatisimportantis
whetheraninsectlivesordiesaftertheinsecticideisapplied
Lowdosageispreferredbecausethisexertsalowselection
pressureSurvivalofheterozygotesisparticularlyimportant
inanalreadyresistantpopulationasotherwisethesusceptible
genewillbelostinthepopulationManiandWardstressed
theimportanceofkillingheterozygotesbyensuringahigh
insecticidepickupTheyalsopointedouttheneedtoensure
thataproportionofallgenotypeswillbeabletoescape
contactwiththeinsecticidealtogether

Althoughtheaboveaspectsofcontrolmethodologyhave
beenstudiedanddiscussedfieldexperimentshaveonly
recentlybeenstartedandtheresultsareawaitedwithconsider
ableinteresttoseewhetherthesewillprovideapractical
solutiontotheresistanceproblem Formulationofsatis

factoryoperationalapproachestotheapplicationofinsecti
cidesremainsoneOfthemostimportantproblemsofvector
control

BIOLOGICALCONTROLFormorethan20yearsWHO
hasconsideredtheuseofpathogensparasitesandpredators
ofvectorsbutowingtolackoffundsamajorresearch
programinthisfieldwasdevelopedonly10yearsagoThis
programinvolvesathesearchfornewpromisingagentsb
theassessmentoftheirpotentialforcontrollingkeyvector
speciesandtheirsafetytomammalsandintheenvironment
cstudiesonthepossibilityoftheirmassproductiondthe
stabilityoftheformulatedproductduringstorageandunder
differentmethodsofapplication andeeventuallythe
epidemiologicalevaluationoftheeffectofthesebiological
agentsduringdiseasecontroloperationsAbriefdescription
ofprogressmadesofarisgivenbelowinrespectofafew
oftheagents
BacteriaFormanyyearsBacillusthuringiensishasbeenused
againstcertaincropandforestpests Until1977allthe

knownstrainsofthisbacilluswerespecificonlyforcater
pillars Thusitcreatedgreatinterestwhenin1977
DrHdeBarjacidentifiedanewserotypeH14whichwas
highlypathogenictomosquitolarvaeThisstrainhadbeen
foundinIsraelamonthearlierbyDrGoldbergand
DrMargalitItisnowknowntobeeffectiveagainstthelarvae
ofmostmosquitospeciesaswellasblackflylarvaeItalsohas
thegreatadvantageofbeingspecifictothesedipteranfamilies
whichmeansthatthisserotypedoesnotaffectnontarget
organismsandisnotharmfultomanThestabilityofindustri
allydevelopedformulationsofserotypeH14hasbeenfound
tobesatisfactorywhentheyarestoredundertropical
conditions H14isthereforehighlysuitableforthepro
ductionofanonresidualbacteriallarvicidewithagreatsafety
marginformanandtheenvironmentandisalreadybeing
massproducedforoperationaluse

Strain1593ofBacillussphnericushasgreatereffectiveness
againsttheCuterspeciesthatbreedinpollutedwatersIthas
anarrowerspectrumofeffectivenessthanBthuringiensisH14
butcouldbeusedintheproductionofabacteriallarvicidefor
CuexandpossiblyanophelinecontrolItisalsoagoodcandi
dateforlocalproductioninsmallorcottageindustriesThe
effectivenessofsuchbacterialagentscanperhapsbefurther
improvedsothatanadequateconcentrationofthematerial
producedbythebacteriawillremainforlongerperiodsinthe
samewaterlayerasthemosquitoandblackflylarvaeObser
vationsarealsobeingmadeonwhetherthesebacteriarecycle
onceintroduced Sincebacteriacanonlybeusedasnon
residuallarvicidestheirapplicationwillbelimited for

exampleitwouldbeoperationallydifficulttotreatextensive
ricefieldsevery10daysorfortnightly
FungiTheAustralianstrainofCulicinornycesclanosporushas
beenfoundtobepartiallyeffectiveagainstmosquitoesandhas
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beenshowntobesafeenoughformanandtheenvironment
CoelomomyeesiliensishasbeenfoundintheUSSRtobea

satisfactorylarvicideagainstCulexmosquitoes Ithasa

narrowspectrumofactivitywhichmayhaverecyclingpoten
tialatoperationallevelsunderfavorableenvironmentalcon
ditionsFungimayalsohaveapotentialforthecontrolof
filariaandmalariavectorsinpermanentandsemipermanent
breedingsitesHowevertheirmassproductionanddistribu
tionconstitutemajorproblemsatpresentalthoughtheymay
beveryvaluableforlocalusageBecausethefungusmasspro
ducesextremelyresistantsporangiathepathogenisableto
existintheenvironmentforalongtimecausingotherepi
zooticswhensusceptibleintermediateandordefinitivehosts
appearNaturalspreadofthepathogenwithoutindustrialor
laboratoryproductionintonewadjacentareasanditsartifical
distributionbyscientificworkersintootherregionsincluding
ricefieldshavebeennoted Otherspecieswhichattack
anophelinepopulationshavebeenreportedfromthePhilip
pinesandIndia

Protozoa TwomicrosporidianspeciesnamelyNosema
algeraeandVarraiacutletsexhibitahighpathogenicityagainst
mosquitolarvaeandcaninterferewiththeabilityofmos
quitoestobeinfectedbythemalariaparasiteHoweverthe
sporesofthesespeciesdonotpersistforlonginthefeeding
zoneofmosquitolarvaeAccordinglyfurthertestingofthese
organismswilldependonthedevelopmentofaformulation
thatwillpreventthesporesfromsinkingtothebottomofthe
bodiesofwatertowhichtheyareappliedMassproductionis
onlypossiblethroughtheproxyhostscaterpillars
Nematodes IthasbeenfoundthatRornanomermisculiei

voraxhasawidemosquitohostrangeincludingmajorvectors
ofmalariaItissafeformanandnontargetorganismsItcan
bemassproducedbysimplemeansatthecottageindustry
levelaslongascheapsemiskilledmanpowerisavailableHow
everthesenematodescanonlyberegardedasnarrow
spectrumlarvicideswhoserecyclingatanoperationallevelis
uncertainMermithidnematodeswithabetterpotentialare
thereforebeinginvestigated
LarvivorousfishAnumberoffishspecieshavebeenusedto
controlmosquitolarvaewithspecialemphasisonmalariaand
filariavectorsAreviewoftheuseofsuchfishsince1970has

shownthatGambusiahasbeenusedin40countriesPoecilia

in15annualfishinoneandotherspeciesin11countries
Theefficiencyofthesefishformosquitocontrolhasmostly
beenempiricallydeterminedInsomecountriesremarkable
resultshavebeenreportedwhileinotherstheresultshave
beensomewhatdisappointingHowevertheuseoflarvivorous
fishespeciallyindigenousspeciesisoneofthemost
promisingbiologicalcontrolmethods Additionalinvesti

gationsarerequiredonepidemiologicalassessmentand
environmentalsafety
ToxorhynchitesspeciesThesearepredatorymosquitoeswith
biologicalcontrolpotentialFemaleToxorhynchitessearch
forovipositionsitessuchastreeholesleafaxilsetcwhere
theycanmultiplyandredistributethetselves Toxorhyn
chitescouldperhapsbeonemethodtobeconsideredforthe
controloflymphaticfilariasisvectorsinSouthPacificareas

andofAedesaegyptiinthecontinentofAfricaHowever
massproductionandstorageconstituteseriousproblemsat
presentTheymightbeagoodcandidateforlocalproduction
bythecommunitiesconcerned1

Itishopedthatatleastsomeoftheabovebiologicalagents
cansoonbeutilizedinintegratedcontrolactivitiesagainst
thevectorbornediseases

GENETICCONTROLthepasttwenty
yearsincreasingresearchongeneticmethodsforthecontrol
ofinsectsofpublichealthandveterinaryimportancehas
beencarriedout Thebasictheoryofinsectpestcontrol
ietakingadvantageoftheirmatingbehavioriswellknown
Thistechniqueusuallyinvolvesthereleaseofrearedinsects
intoanaturalpopulationaftertheyhavebeenmadeeither
sterileorgeneticallyalteredortreatedtodisruptfurther
reproductionormakethemharmlesstomanbyselecting
refractorystrainsIneithercasethereleasedinsectsshould
competewithnormalpopulationsformatesresultinginthe
transferoftheirsterilityorothergeneticabnormalitiestothe
eggslaidbywildfemalesAnotherpossibleapproachisto
attractmembersofthewildpopulationtoatrapwherethey
aresterilizedandthenallowedtoreturntothewild

populationtocompeteformates
Itmaybementionedthatgeneticcontrolmethodsarestill

incompletelydevelopedHowevercontrolofthescrewworm
flyhasbeenhighlysuccessfulbyusingthesemethodsover
largeareasofsouthernUSAandMexicoThefieldtrialswith
insectsofpublichealthimportancesuchasmosquitoesand
tsetseflieshaveonlybeenonasmallscalesofarandforthe
mostpartonlypartiallysuccessful Thereforeappraising
thefutureroleofgeneticcontrolmethodsinpublichealthis
difficultatpresentItishopedthatinthefuturemethods
mightbedevelopedthatcouldbemoreefficientlyusedin
anintegratedprogramofinsectcontrolthanbythemselves
Themajorbenefitsofgeneticcontrolmethodsifandwhen
developedwouldbeselectiveactiononthetargetpestandthe
avoidanceofadverseeffectsonnontargetorganisms Com

paredwithinsecticidesprayinggeneticcontrolmethods
requiremorebiologicalbehavioralandecologicalinformation
aboutthepest

Severaldifferentmethodsarebeingstudiedforthegenetic
controlofinsectsThesemaybeclassifiedintothreebroad
categories

aSterileinsectreleasemethodthismethodisusuallybased
ontheuseofionizingradiationorchemosterilantstoinduce
sterilityinrearedmalesthroughdominantlethalmutations
Thismethodissofarthesimplestandbestdevelopedofthe
proposedgeneticcontrolmethods
b ReleaseofgeneticallyalteredinsectsReleaseofsuch
insectswithanyofthefollowingmechanismsnotonlyhas
someimpactinthefirstgenerationbutmaycontinuetoexert
suppressioninsubsequentgenerationsbyinfusingdeleterious
geneticmaterialintoaportionofthenaturalpopulation
Thesemechanismsincludechromosomaltranslocationscondi
tionedlethalscompoundchromosomesetc



c SterilizationofmembersofthewildpopulationThis
methodisknownasautochemosterilizationandwouldhave

theadvantagethattheexpenseofmassrearingofinsects
wouldbeavoided Chemosterilantsseemtobetheonly
practicablemeansofsterilizationwhichcouldbeemployed
atpresent

FieldexperimentssofarhavebeencarriedoutonAnalbi
manusAnculicifaciesAngambiaeCulexquinquefasciatus
CulextarsalisAedesaegyptiandtsetseflieswithvarying
degreesofsuccess151617butwithoutcompletesuccess

Aswouldbeevidentthereareanumberofoperational
constraintsforthegeneticcontroloftheinsectvectorsof
disease Abasicrequirementforallgeneticcontroltech
niquesisthecapabilityofrearingtherequirednumberof
vigorousmaleinsectsinsufficientnumberandatareason
ablecostFurthermorefacilitiesarerequiredfortheirrelease
overanextendedareaandapreciseknowledgeofthetiming
andfrequencyofrelease Thereislittleinformationavail

ableonthechangesbroughtaboutbylaboratoryrearing
Muchmoreinformationisneededonthispointinrelationto
thevalidityofbehavioralstudiesbasedonlaboratorycolonies
Manyecologicalaspectsofthetargetspeciesmaybevital
forexampleanaccurateestimateofnaturalpopulationsin
timeandspaceandtheirrateofreproductionanddensity
dependentregulationofpopulationsbothundernatural
conditionsandunderstressFinallythecosteffectivenessof
geneticmethodsofcontrolshouldbedeterminedasverylittle
preciseinformationisatpresentavailableonthepossiblecost
perkmGeneticcontrolmethodsaregenerallymuchmore
sophisticatedandforthisreasonmoreskilledmanpoweris
required Unfortunatelythereisagreatdearthoftrained
personnelavailableinmostcountrieswherevectorborne
diseasesareprevalentforimplementinganyformofvector
controlmeasures

ENVIRONMENTAMANAGEMENTEnvironmental

managementhadinthepastbeenoneofthemaintoolsfor
thepreventionandcontrolofvectorbornediseases it

involvedforexamplethereductionandeliminationof
breedingareasbymeansofdrainagelevelingflushingmana
gementofvegetationandsaltconcentrationintermittent
irrigationetc8 Butthesemeasureshavebeenrelatively
neglectedsincetheintroductionofresidualinsecticidesfor
vectorcontrol Onlyrecentlyhasitbeenrecognizedthat
environmentalmanagementmethodsshouldbereintroduced
andappliedjointlywithalltheavailableproceduresforpre
ventingvectorbornediseases inUSAtheirusewasnever

stopped Thesediseasesareoftenlinkedtopoorsocio
economicconditionsbutsomecanbeassociatedwithprojects
thatareaimedateconomicdevelopment Thusthecon

structionofdamsforpowergenerationirrigationflood
controlandwatersupplymayleadtoanincreaseinthepre
valenceofmalariaschistosomiasisandonchocerciasiswhile
humansettlementsmayincreaseurbanfilariasisanddomestic
rodentbornediseasesIn1979theWHOExpertCommittee
onEnvironmentalManagementforVectorControl9reviewed
theavailablemeasuresthathadbeendevelopedinthepastfor

11

thecontrolofmanyinvertebrateandvertebratehostsand
vectorsofhumanandanimaldiseasesandassessedthepresent
applicationofenvironmentalmanagementtechniquesinvector
controlprogramsandtheinteractionofthesemeasureswith
agriculturalirrigationandothersocioeconomicdevelopment
schemesThisCommitteealsoformulatedimportantrecom
mendationsforimprovingthepreventionandcontrolof
vectorborne diseasesthroughtheapplicationofthese
measures

INTEGRATEDPESTMANAGEMENTTheFAOPanelof

ExpertsonIntegratedPestManagementIPMin1967gave
thefollowingdefinitionApestmanagementsystemthatin
thecontextoftheassociatedenvironmentandthepopulation
dynamicsofthepestspeciesutilizesallsuitabletechniquesand
methodsinascompatibleamanneraspossibleandmaintains
thepestpopulationatlevelsbelowthosecausingeconomic
injury OfcourseothershavedefinedIPMslightlydiffer
entlyHoweverawordabouttheeconomicinjurymustbe
saidasitconcernsthefieldofpublichealthInagricultural
pestmanagemettheassessmentofeconomiclossesorthe
settingofaneconomicthresholdwhichisanessentialpartof
thepestmanagementplanningprocesscanbedonewithan
adequatedegreeofaccuracy Inthecontextofdisease

controltheprocessismuchmorecomplicated Measure

mentofcostbenefitsinahealthprojecthasoftenbeen
questionedbecauseitisnotpossibletoquantifyhealthand
wellbeingintermsofdollarsandcentsThusthesetting
upofaneconomicthresholdforadiseaseisoftendifficult
orunrealistic Thefollowingsimplifieddefinitionofinte
gratedcontrolinthehealthfieldhasthereforebeensuggested
theselectionandapplicationofmethodsofcontrolto
optimizetheachievementofresults

Onelessonthathasbeenlearntfromtherecentpastin
vectorcontrolisthatnosinglemethodisavailabletosatisfy
eachandeverysituationandthatitwillbenecessarytocom
binethemethodsbestsuitedtolocalexpertiseselfhelpand
commitmentsonthepartofindividualsandthecommunity
andimprovedhealtheducationAlthoughsomeprogresshas
beenmadeinthepestmanagementofagriculturaland
publichealthpestsgoodpracticalexamplesareratherlimited
Metcalf1975hasstatedthatpestmanagementprograms
againsttheinsectvectorsofhumandiseaseareperhapsmore
intricatethanthosecustomarilydevisedforcontrollingthe
insectpestsofagricultureandareusuallydeployedonastate
nationalcontinentalorevenglobalbasisundertheaegisof
localornationalhealthservicesorWHO Pestmanage
mentinthefieldofpublichealthhasanumberofspecial
featuresthatmustbetakenintoconsiderationsuchasthe

urgencyofdealingwithanepidemicorhighlyendemicsitua
tionsandtheneedforsimplicityandeconomycommensurate
withtheresourcesofthedevelopingcountriesThusinte
gratedpestmanagementbymeansofwhichseveraldifferent
controlmethodsareemployedtocontrolvectorpopulations
inaparticularecologicalsituationislikelytoproducemore
effectiveandlastingresults Howevertheprogressinthis
directionhasbeenratherslowPermanentresultscannotbe

achievedunlessdetailedecologicalstudieshavebeencon
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ductedUnfortunatelyecologicalapproachesarenotalways
appreciatedowingtothefactthattheadvantagesarenot
immediatelyfeltIncountrieswherethenecessarynational
expertiseisnotavailableimprovedtrainingfacilitieswillbe
requiredtopromotemultidisciplinaryteameffortorientated
towardsthesolutionofpracticalproblems

Researcheffortsinthisdirectionhavebeencarriedout

eitherinthedevelopedcountriesorunderthesponsorshipof
internationalorganizationsinordertoensurethebestexpert
isefordevelopingsuitablestrategiesaimedatthecontrolofa
fewextremelyimportantpestsandvectors Furthermore

theroadtosuccessispavedwithmanyfailuresfromwhich
lessonscanbelearnedtoimprovethesectoralapproachesand
overallmanagementstrategiesincludingintercountryand
regionalcooperationItmusthoweverbestressedthatinte
gratedpestmanagementdoesnotconstituteamagictoolbut
isbasedonthesoundandjudiciousapplicationofthevarious
controlapproachesthatareavailableataparticularplaceand
time

DISSCUSSIONThedifferentmethodsforvectorcontrol

describedaboveshouldbetakenintoconsiderationinfinding
solutionstotheproblemsofvectorresistanceandthepresent
highcostandshortageofinsecticidesetcAlthoughmanyof
thesemethodsarestillnotfullypracticableitmightbe
expectedthatsomeoftheprojectsinvolvingthemwillshow
benefitsHoweverbecauseofthecomplicatednatureofthe
problemofvectorcontrolandthedifficultiesinvolvedin
integratingthedifferentapproachesitwillbenecessarytore
tainthepresentprovenmethodsdespitetheirhighcostsand
otherdisadvantagesespeciallywhenitisaquestionofdealing
withemergencies

Certaintrendshaveemergedduringthepastfewyears
whichmaybepointerstothefutureThesearebrieflysum
marizedbelow

1Inthefieldofpublichealthwhatisimportantisdisease
controlandnotvectorcontrolpersethusbesidesvector
controldiseasecontrolmustbecarriedoutbytheadministra
tionofdrugsandvaccinesifavailable
2Theprimaryobjectiveofthecontrolprogrammustbeto
reducethevectorpopulationtoalevelbelowthecritical
densityforthetransmissionofthediseaseratherthantoera
dicatethevectorcompletely
3Iflonglastingvectorcontrolistheobjectivethenperman
entmanagementofthebreedinghabitatsmustbeprovided
foreventhoughthismayrequiretheoutlayofcapitalwhich
thedevelopingcountriesmaynotbeabletoaffordandsothey
mustdependonexternalassistance
4 However community participationifefficiently
mobilizedcouldbemaderesponsibleforrelativelysimple
treasuressuchasthemaintenanceandclearingofdrains
controlofvectorhabitatssprayingofinsecticidesadministra
tionofdrugsetcReferencemaybemadeheretothepatri
oticmassmovementinChinaforthecontroloffourpests
5Inemergencysituationsprovisonmustbemadeforthe
applicationofinsecticidesbyULVinordertocontrolepi
demicsandpossiblycertainendemicconditions
6 Everyeffortshouldbemadetostrengthenemergency

operationsinadditiontoroutinevectorcontrolactivities
7 Thereisagreatdearthoftrainedpersonnelinthe
countrieswheretheproblemismostacuteThereforeevery
effortmustbetradetoensuretrainingandtopromoteself
relianceinthesecountries

Itistobehopedthatinfutureeffortswillbemadeto
integrateallavailablecontrolmethods chemicalbiological

geneticandenvironmentalwheneverfeasible inorderto

achievemaximumcontrolatminimumcostInthiswayit

ishopedthatanincreasinghumanpopulationwilllivesafely
inthemidstofvectorpopulationsthathavebeenreducedto
aninnocuouslevelEmphasismustbelaidonthedevelop
mentofintegratedcontrolstrategieswhicharecosteffective
socioeconomicallyacceptablesafetotheenvironmentand
amenabletocommunityactionatthevillagelevelthrough
primaryhealthcare HoweverCorbet1981hasrecently
summedupthesituationthatintegratedpestmanagementin
theagriculturalfieldisbeingimpededespeciallyindeveloped
countriesowingtothecontinuinghighlevelofpesticideuse
andtheprevailingattitudesiebehavioralandcultural
traitsItishopedthattheworkersinthepublichealthfield
willbeabletobenefitfromtheexperiencesofothers
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INTEGRATEDCONTROLANDITSAPPLICATIONTOANTIMALARIAPROGRAMS

INTRODUCTIONIntegratedvectorcontrolascurrently
definedrarelyhasbeenplannedandcarriedoutinvector
diseasecontrolprograms Insteadrelianceforcontrolhas
beenplacedonasinglemethodofvectorcontrolwhich
appearedmostcosteffectiveandfeasibleforapplication
Neithercosteffectivenessnorfeasibilityofapplicationtwo
majorcriteriaforselectionofmethodsofcontrolwerecare

fullyassessedinandcomparedwithotheravailablemethods
Likewiseotherselectioncriteriaegcostbenefitimpact
onenvironmentandlongtermprojectionofcostsbenefits
effectivenessfeasibilityetcwerenotassessedforalternative
methodsandinotherareas

Themalariaeradicationprogramandtherevisedanti
malariaprogramsthathavebeenplannedandimplemented
followthesametrendForvectorcontrolalmosttotalre
liancehasbeenplacedonresidualinsecticidesothermethods
ofcontrolwerenotgivenconsiderationunlessanduntilthe
formerfailedtoproduceasignificanteffect Onemay
acknowledgethattheantimalariaprogramwaslaunchedwith
hasteandbasedonalmosttotalconfidenceinDDTandits

outstandingeffectsonmosquitovectorsTheplannersalso
believedthatanydelayinlaunchingtheprogramcoulddeprive
humanityofthebeneficialeffectofDDTinsecticidebythen
alreadywidelyusedinvastagriculturalareas

TheinitialconfidenceinDDTanditsimpactwassopro
nouncedthatnoconsiderationwasgiventotheuseofother
measuresandnoattemptsweremadetoassesstheirpotential
ThisconfidencewassocompletethatDDTresidualspraying
wasuniversallyadvocatedandappliedwiththesamedosage
andoftenthesameapplicationcycleirrespectiveoflocal
conditionsFewprogramschangedthesetstandardorused
lowerdosagesandothercycles

Theresidualsprayapproachwaseffectiveinawiderange
ofsituationsoftendespiteoperationalimperfectionsThe
insecticidewassopotentandversatilethatitwasemployed
inmanyecologicalandsocioeconomicconditionswithnearly
universalsuccessSubsequentlyafewyearsafterinitiationof
theprogramsituationsarosewhichrequiredthatthissingle
vectorcontrolmethodbesupplementedbyothers

Numerousprogramssoughtsolutionsthroughchemo
therapycombinedwithresidualspraying Theprimary
problemsrelatedtoexophylicvectorsincludingbehavioristic
avoidanceofsprayedsurfacesbyvectorsduetoirritabilityor

ProceedingsoftheThirtysecondAnnualMeetingoftheUtahMos
quitoAbatementAssociation1979

HARafatjah

ChiefEquipmentPlanningandOperations
DivisionofVectorBiologyandControl

WHOHeadquartersGeneva

repellencyqualitiesofDDTandlimitedvectorresistance
Operationaldifficultiesofvaryingdegreeswerepresentinall
programsandproblemsofaccessibilitycommunication
supervisionandlogisticscontinuedtohamperefficiency

Withtimetechnicalproblemsbecamegreaterresistance
developedinmorevectorspeciesthroughoutincreasingly
largerareasdemandingmoreexpensiveandmoretoxic
replacementinsecticidesgreaterfinancialresourcesandmore
complexandcostlyoperationalorganizations

Therevisedmalariacontrolstrategyadoptedin1969began
amoreintegratedapproach Othermethodswerereviewed

operationsmanualswerepreparedandstafftrainingwas
reorientedtowardintegratedcontrolAchievementsinthe13
yearssincemalariastrategywasrevisedhavebeenmeagreand
theprogresstowardappliedintegratedcontrolstrategieshas
beendisappointinglyslow Programsstillrelyheavilyon
insecticidesparticularlyonresidualcompoundsunfortun
atelythenumberofeffectiveinsecticidesavailableforapplica
tionagainstmalariavectorsIsrapidlydecreasingdueto
increasingvectorresistanceandthedevelopmentoffewnew
compounds

ThereIsgeneralagreementthatinsecticidesarenowand
willcontinuetobeprimarytoolsofantimalariaprograms
fortheforseeablefutureandregulationandrationaluseis
essentialwithinthecontextofintegratedcontrolWemust
getawayfromacomplacentinsecticideprogramwhenwe
knowthatwaterandlandmanagementofferamorenearly
permanentsolutionWemustgetawayfromthephilosophy
thatourjobistosprayawaythemosquitoes Rather

wemustthinkaboutmosquitocontrolservicesandtheirtotal
managementandtotalIPMapproach
METHODSOFVECTORCONTROLPRESENTSTATUS

ANDUSEResidualadulticidingisthemostwidelyemployed
methodofcontrolinantimalariaprogramsLarvicidingand
spacesprayinghaveonlylimiteduse TheuseofDDTin

residualsprayinghasbeendecliningsteadilyduetovectorre
sistanceInmostcasesithasbeenreplacedbymalathionthe
useofwhichhasincreasedconsiderablyinrecentyears
Fenitrothionandpropoxurgenerallyareusedwherethereis
resistancetomalathion

Table1showsthatpesticidesappliedinlarvicidingandspace
sprayingamounttoonlyasmallfractionoftheamountof
residualpesticidesusedlessthan005Onlyafewcountries
uselarvicidesandevenfewerapplyfogorULVadulticides
Thereislittlelikelihoodofsignificantextensionofthese
methodsinantimalariaprogramsforthenearfutureNear
totalrelianceonresidualpesticidesmeansthatdangerlies
aheadinantimalariaprograms
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Exceptforlarvivorousfishbiologicalagentsinantimalaria
programsaremainlylimitedtofieldtrialsUseofthemos
quitofishGambusiaspwasbeguninthelast1960sinthe
MiddleEastandwithinafewyearsanumberofprograms
successfullyemployedthisfishinextensiveantimalaria
programsTheuseofnativefishformosquitolarvalcontrol
hasreceivedspecialattentionandsomecountrieshaveused
theguppyLebistesreticulatus Tilapiasphavebeenused
successfullyinrainwatercollectioncisternsetc Mature

Tilapiaarcasourceoffoodforthelocalhumanpopulation
whenthewaterdisappearsinthedryseason

EnvironmentalmanagementrarelyhasbeenusedSimple
drainageandfillinghasbeenemployedinafewprogramsto
alimitedextentPromotionalstepshavebeeninitiatedand
theextendedapplicationofthesemeasuresinhealthprograms
andinagriculturalwaterresourcesdevelopmentprojectsis
beingactivelypursuedTrainingaidsandinstitutionsfield
trialsandstudiesaswellasinterdisciplinarycollaboration
vitalforsuccessfulIPMoperationsarebeingorganized
INTEGRATEDCONTROLORIPMInsimplelanguage
integratedcontrolcanbedefinedastheselectionand

applicationofmethodsofcontroltooptimizeachievement
ofresults Thisimpliesthatallmethodsofcontrolmust
beconsideredandassessedbutonlythosethatproduce
practicalresultswillbeusedsinglyorincombination

Combiningmethodsinacontrolstrategyisnotalways
necessarybutmaybeameanstooptimizeachievement
Thusprogramsmaydependononlyasinglemethodofvector
controlwheninvestigationsproveothermethodslocally
unsuitableorineffectiveorunjustifiablycostlyInrelation
totheresultstobeachievedTheoptimizationmayrange
frommoreeffectivecontrolofavectororofthediseases
ittransmitstobetterprotectionofenvironmentalquality
improvementofeconomicsofoperationsecuringlongterm
benefitsincreasingcorrelatedbenefitsgeneralhealthand
socioeconomicimprovement Thepriorityandvalues
attachedtoeachfactormayvaryineachsituationorprogram
andthusintegratedcontrolmaynotnecessarilybealways
moreeffectiveoreconomicalorlessharmfultotheenviron

mentthantheconventionalapproaches Prioritymaybe
giventooneormorefactorsdependingontheprogram
objectivespriorityproblemsresourcesavailableandthe
localsocialculturalandpoliticalconditionsTheintegrated
controlprogrammustbedesignedtoachievetheobjectives
followingtheestablishedstandardsandcriteriaTheprogram
objectivesandprioritytargetsmustbeclearlydefinedto
enablethedesignofintegratedstrategiesthatbestmeet
establishedpriorities

APPLICATIONOFINTEGRATEDCONTROLTOHEALTH

PROGRAMSIntegratedcontrolmayprovecomplexto
organizeThethreecomponentsasdefinednamelyselection
ofmethodsofcontroltheirapplicationandoptimization
ofresultsmaybeconsideredinthecomplextaskof
identifyingtherelatedsystemsandnumerouselements
theirinteractionsandinstudyingandassessingtheseveral
alternativesarisingfromtheircombinationandintegration
IntegratedPestManagement

Thesystemsinvolvedmayincludeenvironmentalsocial
politicalandculturalandmajorelementsgenerallyinclude
vectorsparasitesandmanandhisenvironmentInevery
environmentandsocialsituationdifferentsetsofinteractions
occurThuswithourinadequatelyprecisemethodsofsurvey
andmeasurementandthepaucityofvalidstandardsitmay
proveimpracticaltoselectfromamongthemultitudeof
possiblecombinationsthebestsetorthestrategythatfully
optimizestheresultsUntilmoreprecisedataandstandards
areavailableonemayneedtorelyonimprovizationfor
assessmentandselectionandforoptimizationinachievement
ofresults

IntegratedcontrolinvectordiseasecontrolandIPMIn
agricultureorinmosquitopestmanagementhavethewine
basicprinciplesthoughdifferentlydefinedordifferentin
compositionandstructureanddirectedtowardsdifferent
objectivesForexampleIPMinagricultureincludesthethree
majorelementsofpestplantandenvironmentintegrated
controlinhealthalsoinvolvesafourthelementnamelyman
thusfurthercomplicatinganalreadycomplicatedprocess
Inagriculturalpestmanagementtheassessmentofeconomic
lossesorthesettingofaneconomicthresholdasanessential
partofthepestmanagementplanningprocesscanbedone
withafairdegreeofaccuracy Invectormanagementthe
processismuchmorecomplicatedandgenerallytheresultsare
onlyapproximationsorarbitraryMeasurementsofbenefits
costofhealthprojectsandsometimesmeasurementsofthe
effectivenesscosthaveprovedimpracticableSimilarlyitis
moredifficulttoidentifytheelementsinvolvedinvector
managementandtheirinteractionsandtoassesstheirrolesand
impactsTheestablishmentofanacceptableeconomicand
socialthresholdorinjurylevelforadiseaseismuchmore
difficultormaybeunrealistic Muchresearchandfield

investigationwillberequiredandmoreextensiveusemayhave
tobemadeofmathematicalmodelingandsimulationsto
identifytheelementsandtheirinteractionstoanalyseand
predictthepossibleimpactsandtoproposeappropriate
feasiblestrategies
INTEGRATEDCONTROLINANTIMALARIAPROGRAMS

Theapplicationofanintegratedapproachtoantimalaria
programsrequiredtheadoptionofanumberofprinciplesand
practicesandtheirplanningandgradualintegrationintoeach
programAlthoughtheprinciplesofintegratedcontrolmay
remainthesameineveryprogramthepracticesofthisap
proachandtheplanningoftheactivitiesmayvaryfrompro
gramtoprogramdependingonlocalconditionsprogram
objectivesandresourcesavailable

Applyingtheprinciplesofintegratedcontrolrelatestothe
threecomponentsofthedefinitionnamelyselectionand
applicationofmethodsandoptimizationofresultstoanti
malariaprogramsTheprogramobjectivesshouldbedefined
inorderofpriorityItisnecessaryatfirsttodecidewhether
theprogramwillbeaneradicationoracontrolprogramIf
thelatterischosennowusuallythecaseitisnecessaryto
determinewhatlevelofcontrolisdesiredandhowsoonthis
mustbeachieved Thentheavailablemethodsofcontrol

shouldbereviewedandthoseconsideredfeasibleforapplica



tionunderlocalconditionsshouldbeassessedforeffective

nessicostbenefitcostandbenefitriskonbothshortand
longtermbasesConditionsnormallyvaryfromareatoarca
andthereforetheassessmentmayneedtobeprecededbya
stratificationofoperationalareasaccordingtoecologicalvaria
tionsandperhapsalsoonasocialculturaleconomicand
politicalbasis

Thepracticalfollowupandimplementationofthesteps
statedaboveoftenisacomplextaskDuetotheinadequately
precisemethodsofmeasurementandthepaucityofvalid
standardsincurrentusethetrueassessmentofconditions
andthustheproperselectionofmethodsofcontrolandtheir
effectiveintegrationwillbedifficultNeverthelesssurveys
andfieldinvestigationsmustidentifyecologicalconditions
influencingtheprevalenceofthevectorsitsroleindiseases
transmissionthediseaseepidemiologyandthesocio
economicfactorsaffectingthesystemFieldtrialsmayhave
tobeorganizedinseveralecologicallyandsocioeconomically
stratifiedareastomeasuretheimpactofvariousmethodsof
control and the feasibility of application in each

stratum

Measurementofeffectivenesscostcanbebasedonthe

degreeofreductionachievedinvectorpopulationdensity
orofthespecificgroupagainstwhichthecontrolmeasureis
directedandontotalcostoftheantivectorcontrolmeasure

Themeasurementofeffectivenessmaybebasedontheimpact
ofthemeasureorofthestrategyonthediseasesInthis
caseotherfactorsmayinterveneandthustheresultscannot
berelateddirectlytovectorcontrolmeasuresaloneEffects
andcostsmustbeprojectedoveralongperiodoftimeand
calculatedforeachmeasurebeforetheyareanalysedand
comparedforselectionInthisprojectionthebeneficialand
adverseeffectsofamethodonotherhealthproblemsandin
othersocialandeconomicfieldsegagricultureurbanization
andtourismshouldbeassessedandincluded

Anassessmentofbenefitsmaybemoresimpleifrelatedto
tangiblebenefitsegthosearisingfromlandreclamation
agriculturalimprovementandprovisionofextrawaterfor
irrigationorconsumptionorbetterhousingetcItmaybe
difficulttoevaluateintangiblebenefitsinmoneyvalueeg
healthimprovementleadingtoincreasedproductivityre
ductioninsufferingandpainduetodiseaseandthelower
costofthehealthcaresystemSeveralunsuccessfulearlier
attemptsweremadetoquantifytheselevelsalthoughtheir
positiveimpactsareuniversallyaccepted Theassessment

andquantificationofbenefitsrisksisequallycomplexand
thereforetheassessmentprocessshouldbebasedmoreon
identificationandstudyofpossibleadverseeffectsinformu
latingintegratedstrategiesratherthanontheirquantification
Researchandfieldinvestigationsareunderwayandshouldbe
intensifiedtoproducemoreprecisemethodsandstandards
foridentificationandbetterassessmentofeffectiveness
benefitsandrisks

PRACTICALAPPROACHTOIMPLEMENTATIONFrom

theprecedingitmaybeapparentthatintegratedcontrolwill
betheoptimumapproachtovectorcontrolbutitspractical
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applicationwillbecomplexandtimeconsumingThereis
anobviousneedformoreinformationanddataonvector

ecologydiseaseepidemiologyandrelatedenvironmental
andsocioeconomicconditionsThesedataformthebasisfor
stratificationofareasandforconsiderationofvariousmethods

ofcontrolineachstratumCollectionofsuchdataandtheir

compilationandanalysisrequirehighlyqualifiedstaffinthe
professionalcategoryandtrainingofintermediaryandfield
staffTheapplicationofintegratedcontrolcanbeattempted
intwostepsthatmaybeconcurrent
PilotoperationApracticalapproachwouldbetoselectat
theinitialstageapilotoperationareainoneoftheregions
currentlyservedbyantimalariaoperationsThesizeofthe
areawilldependontheresourcesavailablebutshouldhavea
populationofatleast100000inruralareastoallowreliable
epidemiologicalevaluation Aqualifiedprofessionalstaff
epidemiologistentomologistsanitaryengineeretcshould
beassignedthetaskoftraininglocalpersonnelofthe arcain

thecollectionandcompilationofdataWhenthedataarcana
lysedtheprojectcanbedesignedincludingmethodsof
controltobeselectedandtestedtheintegratedcontrolstrate
giestobeformulatedandassessedapplicationoftheselected
strategyandevaluationoftheresultTheareacanthenserve
asatrainingprojectforotherstaffandasacentralpointfor
progressiveextensionoftheintegratedapproachtoother
operationalareas
ImprovementandreorientationofcurrentoperationsCon
currentlywithselectionandoperationofthepilotareathe
methodsofcontroltheninuseshouldbereviewedandad

justedtobettercomplywiththeprinciplesofintegrated
controlaswellasstudyingpossibilitiesforintroductionor
extensionofotheravailablemethodsthatarenotusedorare

appliedonalimitedscale
Mostprogramsareemphasizingwidescaleuseofresidual

sprayingaccordinglythereviewmaybeginwithassessment
correctionandimprovementofthismethodaimingprimarily
atcounteractingvectorresistance Thefollowingstepsare
proposed
aReviewthegeographicalreconnaissanceandmappingfor
adequacyandexactitudeincludingupdating
bReviewthestateofecologicalsocialeconomicanden
vironmentalinformationavailableanddetermineifthesedata
areusedinactualplanningandimplementationofthepro
gram

cExaminethesuitabilityofthepesticidesandformulations
usedinrelationtotheexpectedresidualeffecttypeofsur
facestobesprayedsafetytomanandenvironmentcompli
ancewithspecificationslocalsuitabilityshippingstorage
anddistributionconditions

dReviewfieldoperationsthetrainingofstaffequipment
forapplicationthetechniquesofsprayingcoverageintime
andspaceaccessibilityofvillagescommunicationsystems
housingpopulationreactionstransportlogisticsetc
cCheckthattimingdosagecyclesandcoverageofapplica
tionrelatecloselytothelocalseasonsofprevalenceofvector
speciesthediseasetransmissionseasonsandthelengthof
residualeffectexpectedfromthepesticideusedTheperiod
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ofresidualeffectisalsorelatedtotheobjectivesofthepro
gramandthedegreeofcontrolrequired
1Determinethatthesupervisionandevaluationsystemsare
adequateandregularandthattheresultsareusedtocorrect
andreadaptorreschedulethecontrolstrategyTheevalu
ationshouldincludeanassessmentofcostsandtheiranalyses
withrespecttovariouscostcentres
gDeterminewhethertheserviceisproperlyorganizedand
convenientlyplacedwithintheMinistryofHealthstructure
withfunctionallinkstofacilitatecollaborationwithotherre

latedhealthdepartmentsministriesandagenciesegagri
cultureirrigationandpublicworksetc

Whentheprogramreviewiscompletedthefollowingsteps
maybetakentowardanintegratedstrategy

RationalizetheuseofresidualpesticidesThisfunctionmay
include

aAstudyofthepossibilitiesofgraduallyreplacingresidual
sprayingincertainsituationseghypoendemicareasarid
areasbyintegratedcontrolusingothermethodsofchemical
controlbiologicalandenvironmentalmanagementmeasures
andchemotherapy
b Anexaminationofthepossibilityofsupplementing
residualsprayinginsomeareasbyothermethodstoreduce
theintensityofsprayingegcoveragedosageandnumber
ofcyclesofapplication
cAmorepreciseadjustmentofthetimingdosagecycle
andcoverageofsprayingtosatisfylocalecologicalconditions
andtoinsurethatthesefactorsleadtoachievementofthe

resultsaimedat Inmanyantimalariaprogramsaimingat
controlthesprayingoperationissometimesappliedun
necessarilytointerrupttransmissioneginareaswhere
themalariogenicpotentialifreducedtoaverylowlevelcan
notbemaintainedIntheseareastheintensityoftheresidual
sprayingcanbereducedtoprolongtheservicelifeofthe
insecticideandtosaveresources

dExtensionandintensificationoftrainingofstaffespecial
lythatoffieldsupervisorsandspraymentoapplyinsecti
cidemoreefficientlyasprescribedforeachsituationand
withcaretopreventavoidablehumanandenvironmental
contamination

eImprovementoflogisticstransportandequipmentusedin
fieldoperationstofacilitatetimelyapplicationandefficient
supervision
fCollaborationwiththeMinistryofAgriculturetolimitand
ifpossibleavoidtheuseofpublichealthresidualpesticides
inagricultruetodelaythedevelopmentofresistanceby
localvectors

ApplicationofchemicallarvicidesLarvicidesarecurrently
appliedinantimalariaprogramsmostlyinurbansituations
andusuallycombinedwithothermethodsofcontroleg
chemotherapyspacespraying Applicationoflarvicidesin
ruralsituationshasbeenlimitedmainlyduetooperational
complexityandhighercostpercapitaespeciallyinareas
wherewaterisabundantorrainsfrequent Underthese

conditionsidentificationofbreedingsitesapplicationof
correctdosageofpesticidesandmaintenanceofadequate
dosagehavebeendifficult Inaridandsemiaridareas

effectivelarvicidinginruralareasmaybemorefeasiblebut
fieldsupervisionhasalwaysbeenaproblemandforeffective
results operators must be thoroughly trained and

conscientious

Neverthelesslarvicidesmustbeusedincreasinglyasa
supplementarymeasurewhereverconditionsallowinorder
toalleviatedependenceonresidualpesticidesEffectiveand
relativelysafepesticidesofnonresidualgroupsareavailable
Moreefficientequipmentisavailableandcanbeusedto
extendtheuseoflarvicidesandincreasetheirefficiency
Spacesprayingofpesticides Applicationofpesticidesin
aerosolformforadultvectorcontrolhasnotbeengiventhe
importanceitdeserves Withdifficultiesencounteredwith

residualsprayinginantimalariaprogramsrangingfromre
sistanceofthehumanpopulationtostainingofpainted
housestoodourofcertaincompoundsandtheshortresidual
effectofmostreplacementresidualpesticidesaswellasthe
limitednumberavailableforoperationalapplicationthe
applicationofnonresidualpesticidesinaerosolformshould
beseriouslyreconsideredandextendedWhencombinedwith
othermethodsofvectorcontrolandchemotherapyspace
adulticidingcanproduceeffectivemalariacontrol

Aerosolapplicationcanbedoneindoorsandoutdoorsto
effectivelycontrolbothdomesticandperidomesticmosquito
populationsEffectiveinsecticidesinnonresidualgroupscan
beappliedascoldorthermalfogsorULVAlsohighper
formanceversatileapplicatorshandandbackcarriedor
vehiclemountedareavailableforuseinruralandurbanareas

Aircraftarefrequentlyusedinlargescaleoperationsandwith
availabilityandpropermaintenancefacilitiestheycanbe
usedinlargerantimalariaprogramstoreduceapplication
costs

Amajorproblemwithaerosolapplicationofpesticidesis
theneedforfrequentlyrepeatedoperationsCyclestotwo
weekstoamonthmaybenecessaryforeffectivecontrol
Takingintoconsiderationthethreemonthlycyclespresently
neededwiththereplacementpesticidesinresidualspraying
andthemuchgreaterspeedofapplicationofaerosolsand
theirwidereffectivenessextendedtoperidomesticresting
placesinmanysituationstheuseofthismethodmaybefav
ouredandbeappreciablycosteffectiveBecauseapplication
operationscanbedonespeedilythefieldorganizationand
staffingofaerosolapplicationoperationswillbeconsiderably
simplerandfewerstaffwillberequired

Aerosolapplicationofpesticideswillbeaneffectivecom
ponentofintegratedcontrolandshouldbeconsideredwhen
designingintegratedstrategies
UseofbiologicalagentsOfthebiologicalcontrolagentsonly
thelarvivorousfisharecommonlyemployedinoperational
applicationsGanbiesiasphasbeenusedinmanylargescale
programswithgoodresults Otherlarvivorousfisheg
LebistesreticulatusguppyandTilapiasphavealsobeen
usedoperationally

Tobeeffectivethefishpopulationshouldbeadequately
highExperienceinAsiancountriesindicatesthatadensityof
56fishpersquaremetreisnecessaryforeffectivemosquito
controlIntropicalareasthefishmaythriveallyearround



andmaintainadequatedensityConverselyinareaswithcold
wintersthefishmaydieinshallowbreedingareasduringthe
coldmonthsandthepopulationhastobereplenishedinthe
spring Productionofasignificantlygreatnumberoffish
withinashortperiodhasbeenanoperationalproblem

Larvivorousfishareusedinawidevarietyofbreeding
placesincludingpondscisternswellsirrigationanddrain
agecanalsandricefieldsDensevegetationlowerstheeffi
ciencyoffishandconcurrentuseofherbivorousfishisbeing
studiedandshouldproveuseful

Introductionoflarvivorousfishforvectorcontrolisa

simpleinexpensiveandreasonablyeffectivemeasureof
vectorcontrolandshouldbeconsideredasacomponentof
integratedstrategiesUseoffishisespeciallyindicatedincom
binationwithenvironmentalmanagementforcontrolling
limitedresidualbreedinginreclaimedareasInprincipleuse
ofnativespeciesshouldbegivenpreferencetoavoidpossible
introductionofundesirablenewspecies
EnvironmentalManagementOfallmethodsofvectorcontrol
environmentalmanagementmeasureshavebeenleastusedin
antimalariaprogramsHoweverthesewerethemeasuresfirst
usedintheearlypartofthe20thcenturytocontrolmalariain
manypartsoftheworld Neglectoftheenvironmental
measuresisdueperhapsmoretothelackofawarenessofthese
measuresandtheirvaluesandeffectthantoinabilitytoplan
andimplementthemStepshavebeentakeninrecentyearsto
promoteenvironmentalmanagementforvectorcontrolandto
trainstaffinrelatedtechniques

Byreasonoflongtermbeneficialeffectsenvironmental
managementmethodsmaybemorecosteffectiveinmany
situationsthanothermethodsofvectorcontrolandshouldbe

anessentialcomponentofanintegratedstrategySimpleand
lowcostsourcereductionmeasuresshouldbeintroducedinto

antimalariaprogramswhilemoresophisticatedmethodsneed
tobeintegratedintodevelopmentprojectsIntheseprojects
integationofenvironmentalmanagementmcthodsshouldbe
consideredfromtheinitialstagesofprojectplanningand
includedinthedesignconstructionoperationandmainten
anceoftheproject
Promotionandimplementationofintegratedcontrolinanti
malariaprograms Promotionandimplementationofthe
integratedapproachobviouslymuststartwithinformationand
trainingofseniorstaffatdecisionmakinglevelItisessential
thatprogramdirectorsandseniorstaffaswellasthepolicy
makersathigherlevelsintheMinistryofIlcalthrecognizethe
advantagesandrequirementsofIPMandbeconvincedofthe
needforitAnintegratedapproachanditssuccessfulapplica
tiondependslargelyontheefficacyofcollaborationwith
otherrelatedministriesandagenciesinstitutionalarrange
mentsforthispurposeneedtobeestablishedatnationaland
internationallevels Thefollowingstepshavealreadybeen
taken

aAseminaronintegratedcontrolofmosquitovectorsfor
theseniorstaffoftheantimalariaservicesandtheWHOad

visoryteamshasbeenplannedandwilltakeplaceinTurkey
November2141981

bAjointWHOFAOUNEPPanelofExpertsonenviron
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mentalmanagementforvectorcontrolhasbeenorganizedto
promotecollaborationatnationalandinternationallevelsfor
thepromotionoftheseactivitiesforvectorcontrolFirst
meetingSeptember22291981
cPilotoperationshavebeenproposedtobeorganizedin
antimalariaprogramsineachWHOregiontotrainstaffandto
promotetheapplicationofsimpleenvironmentalmanagement
measuresinantimalariaprogramsasapartofintegratedstra
tegies
dAWHOcomprehensivemanualonenvironmentalmanage
mentmeasuresforvectorcontrolemphasizingintegrated
controlhasbeencompletedandisinprintAsimilarmanual
onchemicalcontrolisbeingcompleted
cThefirstexpertcommitteeonenvironmentalmanagement
forvectorcontrolwasheldinNovember1979

ComprehensiveapproachtovectordiseasecontrolThescope
ofintegratedcontrolinantimalariaprogramscanbe
broadenedtoincludeotherdiseasesthatmaybeaffectedby
theprogram

Experiencehasshownthatasaresultofoperationofan
antimalariaprogramwithindoorresidualsprayingtheinci
denceofsomeotherdiseasessuchasleishmaniasisorChagas
diseasehasbeenreducedsometimessignificantly Other

methodsofmosquitocontrolusedinantimalariaprograms
havesimilareffectsonvectorsofotherdiseases Insome

instancesalittlemodificationinthetechniquesorpractices
ofapplicationorthematerialusedmayrenderapplicationof
onemethodeffectiveagainstanumberofvectorsanddiseases

Similarlypestcontrolinagricultureanddevelopmentof
waterresourcesthroughtheconstructionofdamsirrigation
schemesorlandreclamationmayhavebothpositiveandnega
tiveeffectsonvectorsanddiseasestheytransmitMinormodi
ficationoradjustmentoftechniquesdesignandmaterialmay
producesignificantassistancetovectordiseasepreventionand
control

Itisobviousthatabroadeningofthescopeofintegrated
controlintoacomprehensiveapproachinvolvingmulti
sectorialcollaborationwillproducesignificantgainsinvector
diseasecontrolandthisperhapsatlittleornoextracostIn
todaystighteconomicsituationandacuteshortageoffunds
forhealthpromotionanddevelopmentthecomprehensive
approachseemstocontainrealisticpromisesandprospectsfor
success

Thisapproachisnowbeingtestedinalargescaleproject
TheBlueNileHealthProjectintheSudanTheprojectcovers
theGeziraManagilandRahadirrigationschemeswith22
millionacresofirrigatedlandand2milliontransientand
settledpopulation Malariaschistosomiasisanddiarrhoea
diseasesarebeingtackledinonecomprehensivestrategyin
volvingotherhealthservicesandagricultureandirrigation
servicesaswellaslocaleducationalandsociocultural
institutions

TheprojectbeganoperationsinApril1979andisexpected
tobecompletedin10yearsatacostof150millionItwill
beusedasatraininggroundforstafffromvariousrelated
sectorsinpreparingfordevelopmentofcomprehensivestra
tegicselsewhere
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AWorldBankRehabilitationandModernizationproject
US150000isbeingplannedfortheGezirairrigation
Scheme Itincludesactivitieswhichwillhaveconsiderable

beneficialimpactsonthepresentdiseasevectorsituationIn

MOSQUITOCONTROLINTHEUNITEDSTATESAIRFORCEDURINGTHE1980S

INTRODUCTIONANDPROCEDURESUSAFpersonnel
haveusedintegratedtacticstocontrolmosquitoesontheir
installationsformanyyearsAsurveywasmadeinlate1981
todeterminespecifictechniquesandrelativeimportanceof
thosetechniquesusedduringtheprevioustwosummersfor
mosquitoabatementintheUSAFTheMedicalEntomology
SectionUSAFSchoolofAerospaceMedicineEpidemiology
DivisionBrooksAFBTexassentaquestionnairetoCivil
EngineeringEntomologySectionsat135basesinthecon

tinentalUnitedStatesCONUSandoverseasrequesting
1 anindicationofthebiologicalchemicallarviciding
chemicaladulticidingandphysicalcontrolmethodsusedto
controlmosquitoesand2 thepercentageofeachinstal
lationstotalcontroleffortthatwasexpendedoneach
technique Pestmanagementprofessionalsatmajorair
commandheadquartersalsoprovidedsummariesofoverall
mosquitocontrolactivitiesintheircommandsforindividual
fiscalyears
RESULTSGeneral Oneoverseasbaseand54CONUS

installationsrespondedthesebasesrepresentedsevenmajor

Theviewsexpressedarethosesolelyoftheauthoranddo not

necessarilyrepresenttheopinionsoftheUSAirForceortheDepart
mentofDefenseMentionofapesticideorproprietaryproductdoes
notconstitutearecommendationorendorsementbytheauthororthe
USAirForce

2MajorUSAFBSCPresentaddressUSAFSAMEKSBrooks
AFBTexas78235

DennisDPinkovsky

ABSTRACT

Resultsofaquestionnaireonmosquitocontrolsentto135USAir
ForceUSAFbasesaresummarizedOf55respondinginstallations
52hadmosquitocontrolprograms 115usedbiologicalcontrol
methods615 physicalmosquitocontrolmeans673 chemical

larvicidesand904 chemicaladulticidingmeasures Malathion

emulsifiableconcentrateforlarvalmosquitocontrolandground
ultralowvolumeapplicationsoftechnicalgrademalathionforadult
mosquitocontrolweretheprimarychemicalapproachesused

additiontheprojectwillincludeahealthcomponentcontri
butingdirectlytocertainoperationsoftheBlueNileHealth
projectegwatersupplyenvironmentalhealthmanagement
etc

aircommandsand31StatesOftherespondinginstallations
theoverseasbaseSembachA13GermanyandtwoCONUS
basesindicatedthattheyperformednomosquitocontrol
52oftheCONUSbases96oftotalrespondentsindicated
thattheyaccomplishedsomemosquitocontrol Sixbases

115ofpositiverespondentsusedbiologicalcontrol
methods32615 usedphysicaltechniques35673
usedchemicallarvicidesand47904 usedchemicaladulti

cidingmeasures
BiologicalControl LarvivorousfishCambusiaandothers
wereactivelystockedatfivebasesandinsectivorousbirds
purplemartinswereusedatoneAfewbaseshaveexperi
mented with the bacterial mosquitolarvicide Barius

tlvarisraelienxisBTIhowevernoinstallations
listedBTIaspartoftheirroutinemosquitocontrolprogram
BTIwillprobablybeusedmoreasitseffectivenessand
environmentalsoundnessarebetterrecognizedasadditional
formulationsbecomeavailableandasincreasedusagelowers
thematerialscostorwhenBTIisFederallystocklisted
PhysicalControl Thephysicalcontrolmethodsusedby
32ofthebasesincludedartificialcontainerremovalditching
draininginsectelectrocutiontrapsfillingandvegetation
removal Thelattertwomeasuresfillingincludingreland
scapingandvegetationremovalincludinguseofburningand
aquaticherbicideswereeachusedat16basesDraining
andditchingreditchingwereusedat14and13basesrespec
tivelyandonebaseeachindicatedregularuseofinsect
electrocution trapsandremovalofdiscardedartificialcon



tamerstolimitmosquitopopulationsMosquitocontrolin
manyinstancesisasecondarybenefitofphysicalactivities
suchasvegetationcontrolorreditchingthataredoneprimar
ilyforaestheticreasonsortoavoidfloodedconditions
ChemicalLarvicidingSevendifferentproductswereusedin
chemicallarvicidingprogramsformosquitocontrol Mala

thionemulsifiableconcentratewasusedmostfrequentlyand
accountedforanaverageof294ofthetotalcontrolefforts
ofthe16basesusingitrange590 Malathionusedasa

larvicidecouldhastenthedevelopmentofinsecticidere
sistancesince15ofthe16installationsalsousedmalathionfor

adulticiding Dursbanwasusedat1325 ofthebases

withmosquitocontrolprogramsandaccountedforanaverage
of153ofthesebasestotalmosquitocontrolefforts
DursbanIOCRgranuleswereusedat11basesandthe
emulsifiableconcentratewasusedattwo Malathionand

DursbanareFederallystocklisteditems FlitMLOor

lightmineraloilwasusedateight154 ofthebasesand
dieselfuelatseven135 Fewerthan10ofthebasesused

pyrethrumTossits77 Abate58 orAltosid
38
Chemical Adulticiding Chemicaladulticidingactivities
includedgroundultralowvolumeULVthermalandcold
foggerBuffaloturbineandaerialsprayapplicationsand
involvedfourinsecticides Dibrom fenthionmalathion
andpyrethroids Ofthe52bases3975 usedground
ULVdeliveryofmalathion ULVmalathionapplications
accountedforanaverageof66ofthetotalmosquitocontrol
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effortsatthesebasesrange5100OnlyThreebustwed
DibromintheirgroundULVmachinesandonebaseapplied
ULVfenthionThermalfoggerswereusedtoapplymalathion
atthreebasesandpyrethrinsatoneColdfoggerswereused
attwoinstallationstodispersemalathionandonebaseeach
usedaBuffaloturbinemisterorappliedresidualinalathion
foradultmosquitocontrolAerialapplicationsofDibrom
wereusedtokilladultmosquitoesatthreeinstallations
theUSAFReserveAerialSprayBranchdidtheairspraysat
twoofthebasesandthelocalcountyperformedtheair
spraysatone Malathionwasappliedbyairsprayatone
baseMalathionorotherinsecticideresistanceinmosquitoes
isnotarecognizedproblematmostbaseshoweverfield
testingiscalledfortoconfirinthecontinuedsusceptibilities
CommandwideSummariesEstimatesofacreagestreatedin
mosquitolarvicidingandadulticidingeffortsforvariousmajor
aircommandsduringFY81October1980September1981
rangedfrom38084acresinAirForceLogisticsCommand
whichcontrolssixbasesto1329425acresforTacticalAir
Commandwhichencompasses17installations Forfivere

portingaircommandsduringFY81atotalof2194017acres
weretreatedand30810manhoursandanestimated385235

materialsandlaborwereexpendedonmosquitocontrol
CONCLUSIONTheprecedingcommentsillustratethat
USAFinstallationsuseavariedapproachtomosquitocon
trolwithcontinuedemphasisonchemicalcontrolandsub
stantialphysicalcontrolefforts
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BlackflieshavebeenabundantinSaltLakeCountyfor
manyyearsReesandPeterson1953Forsomereasonnot
yetknowntheybecameaseverenuisancebeginningin1967
withthenuisancebeingmoresevereinsomeyearsthanin
othersThefliesdidnotbitemanintheSaltLakeValley
butswarmedaroundtheheadinsuchnumbersastomake
outdooractivitiesextremelyuncomfortablePeterson1956
alsonotedthatthefliesinSaltLakeCountydonotbiteman
below7000feetPressurefromthepublicmountedonthe
SouthSaltLakeCountyMosquitoAbatementDistrictto
controlthepestandin1974theBoardofTrusteesofthe
Districtorderedstudiestobeginwiththeultimategoalof
abatingthenuisance

StudieswerestartedbytheDistrictin1975andasmall
pilotcontrolprogramwasstartedin1978Theprogramhas
beenexpandedsinceandfundingwillbeavailableforafull
scaleprogramin1982Thisslowdevelopmentwasdueboth
tofundingandbecausetheDistrictwantedbasicinformation
ontheblackflybiologylifehistoryandecologyincluding
otherorganismsinitsaquaticenvironment

BlackflieshavebeenintheValleyforyearsbutonly
recentlyhavecomplaintsbeenphonedintotheDistrictoffice
In1980over50complaintsforgnatswerereceivedandless
than10formosquitoesinthesametimeperiodInordinate
numbersofblackfliesthepastfewyearshaverendered
sportingandrecreationalareassuchasgolfcoursesballparks
andpicnicfacilitieslessthanenjoyableduetoharassment
fromlargenumbersoffliesswirlingaroundtheheadarea
Outdooractivitiesareseverelyhamperedeverywhereinthe
ValleyduringAugustandSeptemberReportsfromanimal
ownershaveindicatedseveredamagetoearsofhorsesand
dogs Peterson1956hassomequestionsaboutspecific
hostpreferencebutdoeslistmanhorsescattleturkeysand
ducksassomeoftheanimalsknowntobefedupon

Thecapacityoftheblackflytodisperseovergreat
distancesinanydirectionFredeen19561958Stoltz
1981 provideslittleescapefromthepestanywhereinthe
ValleyWithahumanpopulationofabout650000andmany
animalsbothfarmandpetthenuisancetobothisobviousas
wellasisthepotentialexistingtodophysicaldamageto
livestock

Afterlimitedsurveyswereconductedin1975todetermine
whereandatwhatdensitiesblackfliesoccurredtheDistrict

Boardorderedafullfledgedsurveytodeterminedistribution

IBlackFlySpecialist
2Director

BLACKFLYCONTROLINSALTLAKECOUNTY

KennethLMinsonlandJayEGrahame

SouthSaltLakeCountyMosquitoAbatementDistrict
MidvaleUtah84047

densityandtheecologyoftheflyandexaminethepossibility
ofcontrolCoupledwiththisorderwastheneedtosample
therespectivestreamsandRiverforexistingpopulationsof
nontargetorganisms

EarlyUtahstudiesKnowltonandRowe1934Stainsand
Knowlton19401943identifiedspecificfliesandtheir
biologyandlocationbutlittlewasknownofthegeneraldistri
butionandnumbersofblackfliesuntilBobbieVPetersondid

hisworkduringthe1950sPeterson1953195519561959
1960Withhiscontributionmuchoftheinitialinformation
ofblackflybiologyecologytaxomonyanddistributionwas
provided ReesandPeterson1953andPeterson1960
reportthatblackfliesarefoundinvirtuallyeverystreamat
everyelevationintheSaltLakeareaAsurveybyPeterson
1958indicatesSimuliumvittatumZetterstedtisthepre
dominantinhabitantofthewaterwaysinSaltLakeCounty
Thisspeciespresentsseriousproblemstotheareabecauseof
itstendenciestoutilizeawidervarietyofstreamconditions
andtodisperseovergreatdistancesFredeen19561958
PetersonandWolfe19561958withpopulationdensities
increasingduringthesummeruntilintolerablelevelsare
reachedinlatesummerandfall

AllknownrunningsourcesofwaterintheDistrictweresur
veyedforblackflylarvaeEvenWeldingditches6widewere
foundtocontainheavyconcentrationsoffliesattachedtoex
posedtreerootsBecauseoftheflightabilityofblackflies
evenstreamscomingfromnearbycanyonsofwhichthereare
severalwerecheckedAllproducingareasweremappedand
codedaswellasthosefewthoughtcapableoffuturepro
ductionSpecifictreatmentsiteswereselectedandnumbered
toprovideconsistentdataastodownstreamefficacyfromany
givenpoint

Fourdifferenttypesofwaterhabitatsforblackflieswere
identifiedTheseincludedasmallriverJordanvaryingin
depthandwidthasItflowsNorthfromtheUtahLaketothe
GreatSaltLakeseveralclearwatercanyonstreamsirrigation
lateralsorditchesandirrigationcanals Fourareasofthe

JordanRiverweresampledTableItwoareasofashallow
1218deepclearnatureandtwoareaswithheavysilting
Thefirsttwosamplingareasarebelowadiversiondamwith
rockysubstrataandtrailingwaterweedPotamogetonThe
othertwosourcesincludedarockyshoalalongtheedgeofa
bendintheRiver12200Sandtherocksusedasadiversion
underabridge7800SSampleswerecollectedbyremoving
allmaterialsinasquarefootsamplerrocksvegetationsand
andwaterfollowedbyhandsortingandwashingusingvarious
screensthenpreservingthespecimensin70alcoholuntil
identificationcouldbemade BigandLittleCottonwood
Creeksweresampledintwoareaswithsimilarrifflinglocations
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thatstayedwetmorefrequentlythanotherstretchesofthe
streamsduetospringwaterinflow

SrittatumistheprevalentspeciesintheValleyItiswide
spreadindiversifiedhabitatsandthelarvalformwhichcan
overwintertolerateshightemperatureslowpHlowoxygen
tensionsewageeffluentandsiltorothersuspendedmaterials
OtherspeciesreportedinSaltLakeCountyPeterson1958
are ProsimuliumexigensDyar ShannonPonychoda
ctylumDyar ShannonEusimuliumaureumFriesEcanoni
columDyar ShannonSimuliumarcticumMallochSargue
WillistonShunteriMallochStwinniStainsandKnowlton
andSvenustumSay Identificationofcurrentcollectionsof
sourcesisstillbeingundertaken

Asmentionedearlierthereareatleastfourmajorwater
typesproducingblackfliesintheCounty
1TheJordanRiveraslowmovingone fourfeetper

secondpollutedstreamthatbisectstheValleyfrom
SouthtoNorthstartingoutoftheCountyboundariesand
endingoutofthecontroldistrictemptyingintotheGreat
SaltLakesome15milesNorthwestofthecontrolarea

TheRivermovesasasluggishbodyformostofitslength
withtheexceptionoftheJordanNarrowsabluffareacut
throughbytheRiverattheSouthendoftheCountyand
herethereareshallowrockystretcheswithtrailingaquatic
vegetationaswellasthevegetationfoundtrailinginthe
waterfromsidebanksThelast1520milesaredeeper
three fivefeetwithheavyloadsofsiltandorganic
materialfromincomingirrigationandsewagetreatment
effluent

2BorderingtheValleytotheEastistheWasatchMountain
FrontandtotheWesttheOquirrhRangeSeveralcanyon
streamsflowacrosstheValleytotheRiverTheserange
fromsmalltricklingtemporarysourcestotwolarge
fairlyconstantstreamsBigandLittleCottonwoodCreeks
Thesestreamsareclearhaverockybottomsandareshal
lowthroughmostoftheseason Thelargeoneshave

periodsofintermittentdryingupastheyaretwosourcesof
culinaryandirrigationwaterLarvaearefoundinlarge
numbersontherocksinthestreamsandontrailingvegeta
tionduringhighwaterperiods

3Irrigationditchescrisscrossthetemperatedesertvalleyand
areintermittentatbest Howeverseveralofthelarge
ditcheswhicharealmostcontinuousinflowproducelarge
numbersoflarvaeseveraltinesayearTheseditchesare
siltladenmoveslowly51fsTheyhaveareasofstill
waterthatmakeseffectivetreatmentdifficultdownstream

Larvaehavebeenfoundonrocksonditchbottomsand

trailingvegetation
4Irrigationcanalssupplythemajorportionofwatertothe

irrigatorsalongtheValleyfloorTheyrunthreefivefeet
deepmoveslowly 12fsandcontainheavyconcentra
tionsofsuspendedmatterThetrailingvegetationisthick
alongthebanksandprovidesexcellentattachmentsites
forblackflylarvae

Eachofthesesystemsprovidestheirownspecialproblems
whenitcomestocontrolSlowmovingheavilysiltedwater

waysdontseemtoprovidethecarryofthepesticidethatfast
turbulentsiltedstreamsorriversdosuchastheAthabasca

waterway Adsorptiontosuspendedparticulatematterap
pearsadvantageousHaufe1980Charnetskietal1980only
iftheyremaininsuspensionThroughSaltLakeCountythe
movementissoslowthatsuspendedmaterialdoesntremain
suspendedthelengthoftheneededtreatmentareaandeffi
cacyforlongdistancetreatmentisstillbeingtestedDead
waterareasbehindheadgatesdiversiondamsalongtheRiver
largercanalsandstreamscausesuspendedmattertodrop
outandfurthercomplicatetheproblemsofgettinggood
controldownstreamfromthepointoftreatment Pesti

cidesdropoutofsolutionattheseareassometimesinsuffi
cientquantitiestoreduceconcentrationsbeloweffective
strength AtpresentitisnotpracticaltotreattheJordan
Riverandcanyonstreamsattheirsourceandreinfestation
fromlarvaldriftoccursastheinsecticideisremovedbystream
flow Thisobviouslyhamperseffortsdownstreamindeter
miningeffectivecontrolatanygivencheckpolntWaters
196519691970PearsonandFranklin1968Thisproblem
hasbeennotedbyothers

Inordertoprovidemeaningfuldatasometypeofstandard
measuringdevicemustbeusedTherearemanyrecommended
GersabeckandMerritt1974WolfeandPeterson1958butin
anongoingcontrolprogramwithsomanydifferentwater
problemsastandarddeviceforallhasntbeendeveloped
Tilesorbricksorsimilardevicesputintoourirrigationditches
siltoverbeforetheycanbeeffectiveTrailingplasticdevices
inthewaterwherealternatedryingexistsdoesntwork
becausetheplasticbecomesbrittleandbreakstopiecesin
subsequentfloodingAdevicethatseemsmosteffectiveat
thispointinmoststreamsisayellowpolypropylene38
twistedropeThisdevicecanbecuttolengthdesiredand
placedinanystreamalongstreambankswithawireattach
mentortrailedfromlowbridgescrossingstreamsMarkings
ontheropeusingplasticelectricaltapecandelineatetheareas
desiredforcountingModeledafteradevicebyStoltz1981

Existingrocksinthestreamsthataremarkedpreviouslyor
trailingbulrushesorcattailsortreebranchescanactasindica
torsoflarvalpopulationsandcontrolbutnoefforthasbeen
madetousetheseasquantitativedatacollectingdevicesfor
longrangestudiesbecauseofobviousinconsistencies

Equipmentusedtodispensethepesticideisamodification
ofthatdescribedbyFredecn1970Tworedwoodbooms
wereconstructedtodispensematerialsintostreams one

5feetlongfornarrowareasandtheother10feetlongfor
largerstreamsietheJordanRiverBigandLittleCotton
woodCreeks OninchPVCpipewasattachedtothered
wood2X4and18holesweredrilledonefootapartto
allowtheformulationtodistributeevenlyintothestream
Thiswasattachedtoafivegallonplasticwaterjugmodifiedto
thecarboystandardswithamonitoringvalveandplastic
tubingSeeFigure1Theboomswereheldinplaceinthe
streamusingchainsattachedtoeyesscrewedintotheendsof
theboomWherethestreamsandriverhavebeentoowide
thepesticidehasbeenreleasedthroughthetubingonly
directlyintothewater
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Manyworkersapparentlyhavehadthesameproblemswith
thiskindofintroductionmethodingettingthepesticideto
dispenserapidlythroughoutthetotalmediumtothedesired
toxiclevelstominimizedamagetonontargetorganisms
Haute1980Whileputtingthepesticideinatsiteswherethe
wateristurbulentdamspillwaysheadgatesetccomplete
mixingstilltakesseveralhundredyardsbeforesuccessis
noticedallthroughthestreamWeareworkingonadifferent
methodofapplicationusingapumparrangementandwill
reportonthisatanothertime

TheinsecticidesconsideredfortreatmentinSaltLake

CountywereAbate000 0tetramethyl00 thiodip
phenylenephosphorothioateandMcthoxychlor111tri
chloro22bispmethoxyphenylethane Theseareproven
insecticidesagainstblackflylarvaeinAfricaWHOVBC
76653AnonStilesandQuelennecCanadaNelsonand
West1978Baldwinetal1977Wallaceetal1973andin
certainareasoftheUnitedStatesJamnback1973Cupp
1977Stoltz1981A24CRegistrationfromtheStatefor
bothpesticideswasappliedforandreceivedduring1979but
theAbatelabelwaswithdrawninOctober1979becausethe

EnvironmentalProtectionAgencydidntfeeltheyhadsuffi
cientdataonresiduesofAbateonedibleplantsDosagesused
byWallaceetal1973inCanadawere01ppmmeteredinto
streamsfor15minutes VerylimitedtestingofBacillus
Ihuringiensisisraelensishastakenplaceonanisolatedfast
movingmountainstreamDataarenotnowsufficienttosay
howvaluableitmaybetotheprogrambutitisunderserious
considerationTimeandbudgetconstraintshavelimitedwork
onthistodate

Concernoverpesticidedamagetoourstreamenvironment
isveryrealManypapershavebeenwrittenwarningofthe
effectsofAbateMethoxychlorandothersimilarpesticideson
nontargetorganismsinaquaticecosystemsthatalsosupport
blackflypopulationsAsnotedabovesamplingandidenti
fyingofmanyoftheseorganismshavealreadybeendoneand
othermoredetailedandquantitativestudiesareplannedfor
thefutureTheneedtoprotecttheaquaticenvironmentwhile
controllingblackfliesisachallengingproblemUntilmore
detailedinformationisavailablecontrolprocedureswill
continuewithextremecautionandconstantmonitoringIn
depthstudiessuchastheAthabascareportsindicatethe
degreeofdifficultyintryingtointerpretthelivingmoving
dynamicsofalargestreamorriverwithquitedifferinginter
pretationsbeingarrivedatfromthesamedataHaufe1980
Asthebudgetwillallowandwithknowledgethatevery
necessaryprecautionjudgednecessarybymanyauthorswill
beobservedtheDistrictwillcontinuewiththecontrolpro
gramandwillcontinuetocollectandevaluatedatathatwill
addtoexistingknowledge

SUMMARYANDCONCLUSIONSBeginningin1967the
blackflySimuliumvivalumalongwithseveralotherspecies
hasbecomeanincreasingproblemintheSaltLakeValley
UndertheSouthSaltLakeCountyMosquitoAbatement
Boardsdirectionsurveyswereconductedandafullscale
controlprogramwasinitiatedin1981 Allmovingwater
sourcesintheCountyareathatproduceblackfliesweresub

jectedtotreatmentwithMethoxychlorattherecommended
dosageof3ppm15minuteintervalsSampleshavebeen
takenoftheblackflylarvaeinmostofthestreamsandthe
JordanRiverandareintheprocessofbeingidentifiedSquare
footsamplesoftheJordanRiverbottomandtwootherlarge
streamsBigandLittleCottonwoodCreekshavebeentaken
fornontargetorganismsandtheorganismsidentifiedAsuc
cessfulcontrolprogramisnowinoperationbutfinancialcon
straintsandenvironmentalconsiderationsrequireacautious
expansion
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Thispastyearthreemosquitoabatementdistrictssuccess
fullywenttoanelectionofthepeopletosetupaspecialtax
rateforfuturefunding ThethreedistrictswereColusa

TurlockandtheSanJoaquinCountyMosquitoAbatement
District OurDistricttheSanJoaquinCountyMosquito
AbatementDistrictcoversanareaofapproximately1446
squaremilesandhasapopulationofover350000peoplewith
abudgetin198182of1500000Inadistrictofthissize
andwiththevarietyofindustrycommercialandagriculture
landthatwehaveitmadeimplementinganelectionfora
specialtaxratechargeaverydifficultandtimeconsuming
job

Thepurposeoftheelectionwastorestoreamajorportion
ofmoneytakenawaythroughthepassageofProposition13in
1978

OurBoardofTrusteeshadadifficulttimedecidingwhether
ornottogototheelectionfortheSpecialTaxratebecauseof
thetremendouscostinvolvedItwasthefeelingofourBoard
ofTrusteesandManagementthattheDistricthastheresponsi
bilitytodoeverythingwithinitspowertoprotecttheresi
dentsofSanJoaquinCountyfromdiseaseandpestmos
quitoes ForthatreasontheBoardpassedaresolutionto
proceedandsetadatefortheSpecialTaxrateelection

Onceadistrictdecidestogotheelectionrouteforfunding
youmustdothefollowing

1Setadatefortheelection

2Choosewhichtypeofelectiontouse
3Themethodofchargethatwouldbestsuityourdistrict

Therearethreetypesofelectionprocedurestochoosefrom
AGeneralElection

1Leastexpensiveelection
2Piggybacksharethecostwithotheragenciesonthe

ballotsuchascitiescountiesandstate

IIIIONFORASPECIALTAXRATE

JackVFiori

SanJoaquinCountyMosquitoAbatementDistrict
5503SouthAirportWayStocktonCalifornia95206
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Ecology46327334
WatersTF1969DielPatternsofAquaticInvertebrateDriftin

StreamsinNorthernUtahProcUtahAcadSciArtsandLetters
46Purl2109130

WatersT11972TheDriftofStreamInsectsAnnRevEnt17
253272

WolfeLSandDCPeterson1958ANewMethodtoEstimate
LevelsofInfestationsofBlackFlyLarvaeDipteraSimuliidae
CanJZoo36863867

BMailBallotElection

1Ballotsaresenttoeligiblevotersbytrail
2Validonlyindistrictswith5000orlessregistered

voters

3Mustpassby23majorityofthereturnedballots

CSpecialElection
1Onlyyourdistrictisinvolved
2Yourdistrictpaystheentirecostoftheelection
3Mostexpensiveofthethreetypesofelections

Therearetwotypesoftaxratechargesavailable
APerparcelcharge

1Aflatratechargeperparceloflandorhousehold
BAchargeonthesquarefootageoflandperparcelThis

procedureispossibleonlyifthecountyassessorsoffice
hasthesquarefootageinformationavailable

TheCountyhasalltaxableandnontaxablepropertylisted
intospecialusecodes Thedifferentusecodesarethen

groupedintocatagoriesForexampleeachofthebelowcate
gorieswereassignedataxratecharge Ourdistrictusedthe

followingratecharges

MaximumChargesPerYear

Residentialhome8000squarefootlot
Residentialhomeon1acrelot

InstitutionalApartments
CommercialIndustrial

Irrigatedagriculture
Dryfarming

175perlot

956peracrelot
958peracre
1277peracre

32peracre
15peracre

Therearecertainelectionproceduresyoumustfollow
1AresolutionmustbepassedbytheBoardofTrusteesto

haveanelectionandsetadate

2Inourcountytheresolutionsettingtheelectiondate
mustbeatleast90dayspriortotheelection
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3Youmustsetmaximumratechargestobeused
4Youmustadvertiseinmajornewspaperstoannouncea

publichearingabouttheelectionandpublishyourrate
charges

5holdthepublichearingtoexplaintheratechargesand
explainthepurposeofholdingtheelection

6Alettermustbewrittentobeprintedintheelection
ballotexplainingthepurposeoftheelectionandshow
ingyourratecharges

Becauseofthevaguenessinguidelinesavailabletosetupan
electionofthisnatureIstronglyrecommendyouwork
throughcountycounciloranattorneyyouarefamiliarwith
orboth

Somemethodsweusedforgainingpublicsupportwere
ASpeakingbeforeserviceclubs

BAppearingbeforetheBoardofSupervisorsandCity
Councilsrequestingtheirendorsementsandsupport

CWorkingwiththeFarmBureauandagricultureindustry
1Wealsospokebeforeandreceivedendorsementsfrom

thetaxpayersAssociationmedicalgroupsLeagueof
WomenVoterspoliticalpartiesandlocallegislativerep
resentatives

Publicfundsmaynotbeusedtoadvertisefortheelection
suchasnewspaperarticlesbrochurespaidradioortelevision
tineetcButyoucanusepublicfundsfortheactualcostof
theelection

Committeescanbeformedforthepurposeofraising
moneytobeusedforadvertisingpurposesPaidnewspaper
adsandprintedbrochuresplayedanimportantpartinour
campaign

BecauseofthetimeallowedIhaveonlytouchedonsome
oftheproceduresthatarenecessarywhenputtinganelection
togetherIfanydistrictisconsideringgoingtoanelectionand
wouldlikefurtherinformationfeelfreetocontactmeandI
wouldbegladtoworkwithyou



SURVEILLANCEFORAICTIIItOPODBORNEVIRALACTIVITYAND
DISEASEINCALIFORNIADURING1981

RichardWImmonslMarilynMMilbyPatriciaAGillies
WilliamCReevesandEdmondVBayer

Thisisthetwelfthannualreportonarthropodbornevirus
surveillanceinCaliforniasince1969whentestingforviruses
inmosquitovectorswasrenewedasasurveillanceactivity
ThereportreflectstheclosecooperationbetweentheVector
BiologyandControlSectionandtheViralandRickettsia
DiseaseLaboratorySectionVRDLSoftheCaliforniaDepart
mentofHealthServicesandtheUniversityofCalifornia
BerkeleySchoolofPublichealthsArthropodBorneVirus
ResearchUnitUCBSPIIAVRUalongwiththeimportant
contributionsofthelocalMosquitoAbatementDistricts
MADsCountyHealthDepartmentstheCaliforniaDepart
mentofFoodandAgricultureprivatephysiciansandveteri
nariansandothers

During1981therewere306patientssuspectedofhaving
encephalitiswhohadscrumsamplestestedforwesternequine
encephalomyelitisWEEandStLouisencephalitisSLE
antibodiesbytheStatesVRDLSandthesixcountypublic
healthviruslaboratorieswhichassistinthisphaseofthesur
veillanceeffortTable1Asusualaportionoftheseserawill
alsobetestedbytheUCBSPHAVRUforantibodiesagainst
avarietyofotherarboviruscsbesidesWEEandSLEinorder
toseciftheymightalsobecausesofhumandisease

Inadditiontotheserologicsurvey10humanbrainsamples
weretestedinsucklingpricebutnoarboviruseswereisolated
NohumancasesofWEEorSLEwereconfirmedduringthe
yearThiswasthesecondyearinarowinwhichnohuman
caseswereproventooccur

Serumsamplesfrom26clinicallysuspectequinecaseswere
testedforWFFantibodiesnearlyequallingtherecordlow
numberduringthe1980surveillanceyearThesespecimens
werefrom17comitiesandoneotherstateTable2Onecase
ofWEEwasconfirmeda5yearoldunvaccinatedmarefrom
SacramentoCountywithonsetOctober5bloodsamples
takenOctober5andOctober19showingrisingWEE
complementfixingantibodytitersof164to1512indirect
inununofluorescence titers of 1512 and 1512 and

IViralandRickcltsialDiseaseLaboratorySectionCalifornia
DepartmentofHealthServices
2DepartmentofBiomedicalandEnvironmentalHealthSciences

SchoolofPublichealthUniversityofCaliforniaBerkeley
3VectorBiologyandControlSectionCaliforniaDepartmentof

HealthServices

4VcterinaryPublicHealthUnitInfectiousDiseaseSection
CaliforniaDepartmentofHealthServices
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hetnagglutinationinhibitionantibodytitersof1160and
1160 Therewerealso13equinebrainsamplesfrom11
countiestestedinsucklingmicewithnegativeresultsforWEE
virusOnehorsebrainyieldedanisolateofMainDrainvirus
aviruspreviouslyknowntoinfectequinesfromserologic
studiesbutnotpreviouslyisolatedfromanyequineThis
casewillhereportedindetailseparately

Extensivesurveillanceofmosquitoesforthepresenceof
viruswasagainpossiblethisyearduetothehelpofthe
UCBSPIIAVRUinassigningMsEveTolmachtoassistinthe
VRDLStestingprogramIntotal104439mosquitoesin
2205poolsweretestedfrom23Californiacountiesandone
ArizonaCountyTable3Asusualsamplingwasdirected
mostintensivelytothetwomostimportantvectorspecies
CulextarsalisandCulexpipienscomplexwhichrepresented
923percentofthepoolsTherewere224viralisolatesmade
Tables4and548WEE2SLE100HartPark65Turlock
8Californiaencephalitisgroupandoneasyetunidentified
agent

Sentinelchickenflockswerelocatedat22sitesinthestate

Table6SeroconversionsforWEEantibodyweredetected
bytheindirectfluorescentantibodymethodin11ofthe
flocksbyseasonsendandforSLEantibodyin3flocks

Timelysurveillancereportsbytelephoneweremadetothe
appropriateMADsorotheragenciesandaweeklysummaryof
resultswasagainwidelydistributedtoparticipantsinthe
program25issuesfromMay8toOctober231981

Theprospectsfor1982arethathighrainfallandsnowfall
duringthe198182winterwillresultinhighrunoffandthe
potentialforexcessivemosquitobreedingDespitecontinued
budgetaryrestrictionsextensivesurveillanceandcontrol
effortswillagainbeneededtoanticipateandpreventoccurr
enceofepidemicarbovirusencephalitisactivityinCalifornia
ACKNOWLEDGEMENTWethankmanystaffmembers
oftheVRDLStheVectorBiologyandControlSectionand
othersintheCDHSallparticipatinglocalMosquitoAbate
mentDistrictsCountyHealthDepartmentstheCalifornia
DepartmentofFoodandAgricultureotheragenciesand
privatephysiciansandveterinariansandotherswhohelped
inthesurveillanceprogram TheassistanceofJamesD

WoodieandEveTolmachinconductingtestsofsentinel
chickenseraandmosquitopoolsisespeciallyacknowledged
Thissurveillanceprogramwassupportedinpartbyspecial
fundsformosquitocontrolresearchappropriatedannually
bytheCaliforniaLegislature



Alameda

Berkeley
Butte

Colusa

ContraCosta
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FableIlitmustestedserologicallyformosquitobornearbovirusdiseasebytheViralandRickettsiaDiseaseLaboratorySectionCalifornia
StaleDepartmentofHealthServicesandbyCountyHealthDepartmentlaboratoriesbycountyandmonthofillnessonsetCalifornia1981

County Totals Jan Feb March AprilMay JuneJulyAugSeptOct Nov Dec Unknown

ElDorado 10 0 0 0 0 1 0 2 1 2 2 0 0 2
Fresno 71 0 0 0 0 0 12 30 18 6 4 1 0 0
Humboldt 4 0 0 0 0 2 0

0 0 0 1 0 0 1

Imperial 3 0 0 0 0 0 0 0 0 0 0 1 0 2

Inyo 2 0 0 0 0 0 0 0 2 0 0 0 0 0

Kings 3 0 0 0 0 0 0 0 1 2 0 0 0 0
Lassen 1 0 0 0 0 1 0 0 0 0 0 0 0 0
LosAngeles 17 0 0 0 0 4 3 2 3 4 1 0 0 0
Mendocino 4 0 0 0 0 0 0 0 0 0 0 2 2 0
Merced 6 0 0 0 0 2 0 1 0 0 1 0 0 2

Napa 4 0 0 0 0 0 2 0 1 0 0 0 0 1
Placer 1 0 0 0 0 0 1 0 0 0 0 0 0 0
Plumes 1 0 0 0 0 0 0 0 1 0 0 0 0 0
Riverside 2 0 0 0 0 0 0 0 1 0 0 0 0 1
Sacramento 19 0 0 1 0 0 3 1 3 4 S 1 0 1

SanBernardino 27 0 0 0 0 0 2 1 S 8 4 6 0 1
SanDiczo 48 1 0 0 0 2 9 11 8 8 4 3 0 2
SanFrancisco 3 1 0 0 0 1 0 1 0 0 0 0 0 0
SanJoaquin 11 0 0 0 1 1 3 3 0 3 0 0 0 0
SanLuisObispo S 0 0 0 1 1 0 1 1 0 1 0 0 0

SanMateo
1 0 0 0 0 0 0 0 0 0 0 0 0 1

SantaBarbara
7 0 0 0 0 0 0 0 2 S 0 0 0 0

SantaClara 1 0 0 0 0
SantaCruz

0 1 0 0 0 0 0 0 0

Shasta
9 0 0 0 0 0 3 2 3 0 0 0 0 1
4 0 0 0 0 3 0 0 0 0 0 0 1 0

Sonoma 1 0 0 0 0 0 1 0 0 0 0 0 0 0
Sutter

4 0
O 0 0 0 0 1 0 0 0 p

0 1

Tulare 1 0 0
0 0 0 1 0 0 1 0 1

0 1

Yolo
0 0 0 0 0 0 0 0 0

0 1

OutofState
2 0 0 0 0 0 1

2 1 0 2 0 0

0 1 0 0 0 0 0

MustseratestedbyCountyHealthDepartmentLaboratory



Table2 HorsestestedserologicallyforWesternequineencephalomyelitisbytheViral
andRickettsiaDiseaseLaboratorySectionCaliforniaDepartmentofHealthServicesby
CountyandmonthofillnessonsetCalifornia1981

County Totals Jan Feb March April May June July Aug Sept Oct Nov Dec

Totals 26 0 0 0 1 2 3 1 5 5 7 2 0

ContraCosta 1 0 0 0 0 0 0 0 0 0 1 0 0

ElDorado 1 0 0 0 0 0 0 0 0 0 1 0 0

Fresno 1 0 0 0 0 0 0 0 0 0 1 0 0

Imperial 1 0 0 0 0 0 0 0 1 0 0 0 0

Kern 5 0 0 0 0 1 1 0 1 0 1 1 0

Modoc 1 0 0 0 0 0 1 0 0 0 0 0 0

Nevada 1 0 0 0 0 0 0 0 0 1 0 0 0

Orange 1 0 0 0 0 0 0 0 1 0 0 0 0

Placer 1 0 0 0 0 0 0 0 0 1 0 0 0

Plumas 2 0 0 0 0 0 0 0 0 2 0 0 0

Sacramento 2 0 0 0 0 0 0 1 0 0 1 0 0

SanBernardino 2 0 0 0 0 0 0 0 1 0 1 0 0

Shasta 1 0 0 0 0 1 0 0 0 0 0 0 0

Siskiyou 1 0 0 0 0 0 0 0 0 1 0 0 0

Solano 1 0 0 0 0 0 0 0 0 0 0 1 0

Stanislaus 2 0 0 0 1 0 0 0 1 0 0 0 0

Ventura 1 0 0 0 0 0 1 0 0 0 0 0 0

OutofState 1 0 0 0 0 0 0 0 0 0 1 0 0

PositiveforWEE
Nevada

Inaddition13equinebrainsamplesweretestedforvirusbysucklingmouseinoculationwith
negativeresultsforWEEVirus2eachfromOrange CountyandSanJoaquinCoand1eachfrom
ButteKernMontereyNevadaSacramentoSanBernardinoShastaSiskiyouandStanislaus
Counties OneoftheequinebrainsfromSanJoaquinCountyyieldedanisolateofMainDrain
Virus
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y TOTAL

8561177

39010

5764128

1807

34707703

1153

50816

171938

97020

339970

6988144

148134

209348

2305

206842

185239

64615

365394

13024265

1243

14138302

160934

2208

104439
2205

Culex

tarsalis

8256168

39010

419993

1807

28111567

1153

46715

150933

3207

339970

6718137

148134

209348

2305

206842

183838

2857

315378

13024265

1243

13838296

160934

2208

93627
1968

Culex

pipiens

993

156535

1584

411

1103

65013

202

2795
67

Aedes

melanimon

1895

6422131

1002

2928

3006

7303
152

Count

Butte

Fresno

Imperial

Inyo

Kern

LosAngeles

Marin

Merced

Orange

Placer

Riverside

Sacramento

SanBernardino

SanDiego

SanJoaquin

Shasta

Sonoma

Stanislaus

SutterYuba

Tehama

Tulare

Yolo

MohaveAZ

TOTAL

Table3 NumberofmosquitoespoolstestedbycountyandspeciesbytheViraland
RickettsialDiseaseLaboratorySectionCaliforniaDepartmentofHealthServices1981

Other

Aedes

171 vexans

Aedes

161 nigromaculis

Psorophora
2505 columbiae

3507Culexpeus

814Culexpeus

43111Culexpeus
171Aedesvexans
161Aedes

nigromaculis
2505Pscolumbiae



County Total WEE SLE HartPark Turlock

California

encephalitis
group Unidentified

Butte 13 202 708 405

Imperial 2 102 102

Kern 88 1806 4616 1505 812 1

Merced 2 107 107

Placer 6 103 309 206

Riverside 18 1725 101

Sacramento 1 107

SanBernardino 8 210 105 524

SanJoaquin 1 105

Stanislaus 4 206 206

SutterYuba 22 403 202 1612

Tulare 57 403 3525 1813

Yolo 1 106

MohaveAZ 1 145

Total 224 4805 21010011 6507 812 1

Table4 Summaryofviralisolatesfrommosquitoesduring1981bytheViraland
RickettsialDiseaseLaboratorySectionDepartmentofHealthServices

1 AllCEVfromAemelanimon

AllothersfromCxtarsalis

VirusesisolatedMinimuminfectionrate1000
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Table5Viralisolatesfrommosquitopoolstestedduring1981bytheViralandRickettsiasDiseaseLaboratorySectionCaliforniaDepart
mentofHealthServices

Identifying
Number County Place

Number Virus

Date Species inPool Isolated

E020064 Butte Honcut 0630 Cxtarsalis 50 HartPark

E020071 Butte Honcut 0630 Cxtarsalis 50 HartPark

E020060 Butte Gridley 0623 Cxtarsalis 50 HartPark

E020075 Butte Honcut 0707 Cxtarsalis 50 HartPark

E020079 Butte Honcut 0707 Cxtarsalis 50 HartPark

E020084 Butte Gridley 0707 Cxtarsalis Sb HartPark

E020102 Butte Gridley 0714 Cxtarsalis 50 Turlock

E020108 Butte Nord 0721 Cxtarsalis 50 WEE

E020121 Butte Honcut 0728 Cxtarsalis 50 Turlock

E020124 Butte Cridlcy 0728 Cxtarsalis 50 Turlock

E020131 Butte Gridley 0728 Cxtarsalis 50 Turlock

E020171 Butte Honcut 0818 Cxtarsalis 30 HartPark

E020193 Butte Nord 0901 Cxtarsalis 50 WEE

E000017 Imperial Bard 0609 Cxtarsalis 48 Turlock

E000039 Imperial Callipatria 0608 Cxtarsalis 50 WEE

E018645 Kern Buttonwillow 0602 Cxtarsalis 50 HartPark

E018678 Kern Buttonwillow 0609 Cxtarsalis 50 HartPark

E018713 Kern Buttonwillow 0623 Cxtarsalis 45 HartPark

E018717 Kern Delano 0623 Aemelanimon 50 CEV

E006367 Kern CitySeverFarm 0623 Cxtarsalis 50 HartPark

E006368 Kern CitySewerFarm 0623 Cxtarsalis 50 HartPark

E006372 Kern CitySewerFarm 0623 Cxtarsalis 50 HartPark

E018731 Kern Bakersfield 0624 Cxtarsalis 50 HartPark

E016751 Kcrn Bakersfield 070102Cxtarsalis 29 HartPark

E006382 Kcrn CitySewerFaro 0707 Cxtarsalis 50 HartPark

E006388 Kern CitySewerFarm 0707 Cxtarsalis 50 HartPark

E006391 Kern CitySewerFarm 0707 Cxtarsalis 50 HartPark

E006392 Kern CityScvcrFarm 0707 Cxtarsalis 50 HartPark

E006395 Kern CitySewerFarm 0707 Cxtarsalis 50 Turlock

E006397 Kern CitySewerFarm 0714 Cxtarsalis 50 HartPark

E006402 Kern JessupDairy 0714 Cxtarsalis 50 HartPark

E006403 Kern JessupDairy 0714 Cxtarsalis 50 HartPark

E006408 Kern FishRanch 0714 Cxtarsalis 50 HartPark

E006409 Kern FishRanch 0714 Cxtarsalis 50 HartPark

E006410 Kern FishRanch 0714 Cxtarsalis 50 HartPark

E018785 Kern Buttonwillow 0714 Cxtarsalis 50 HartPark

E018786 Kern Buttonwillow 0714 Cxtarsalis 50 HartPark

E006419 Kern TwinFarms 0721 Aemelaniaon 50 CEV

E018799 Kcrn Delano 072122Cxtarsalis 39 Turlock
E018802 Kcrn Buttonwillow 072122Cxtarsalis 50 HartPark

E018808 Kern Baker 072122Cxtarsalis 50 HartPark
E018809 Kern Bakersfield 072122Cxtarsalis 50 HartPark

E006430 Kern CosterisonsFarm 0728 Cxtarsalis 50 HartPark

E006431 Kern CosterisonsFarm 0728 Cxtarsalis 50 HartPark

E006432 Kern CosterisonsFarm 0728 Cxtarsalis 50 HartPark

E006435 Kern GaronesFarm 0728 Cxtarsalis 50 Turlock

E006441 Kern GaronesFarm 0728 Cxtarsalis 50 HartPark
E006442 Kern GaronesFarm 0728 Cxtarsalis 50 HartPark

E006445 Kern GaronesFarm 0728 Cxtarsalis 50 HartPark

E006448 Kern GaronesFarm 0728 Cxtarsalis 50 HartPark

E006450 Kern CaronesFarm 0728 Cxtarsalis 50 HartPark
E021107 Kcrn JTSandersDuckClub 0804 Cxtarsalis 50 HartPark
E018840 Kern Buttonwillow 080405Cxtarsalis 50 HartPark
E021114 Kern GaronesFarm 0811 Cxtarsalis 50 Turlock

021116 Kern CaronesFarm 0811 Cxtarsalis 50 HartPark



fable5continued

Identifying Number Virus
Number County Place Date Species inPool Isolated

E021117 Kern CaronesFarm 0811 Cxtarsalis 50 HartPark
E021120 Kern CaronesFarm 0811 Cxtarsalis 50 HartPark
E021122 Kern CaronesFarm 0811 Cxtarsalis 50 HartPark
E021128 Kern GaronesFarm 0811 Cxtarsalis 50 Turloek
E021132 Kern GaronesFarm 0811 Cxtarsalis 50 HartPark

E021133 Kern GaronesFarm 0811 Cxtarsalis 50 HartPark

E018863 Kern Buttonwillow 081112Cxtarsalis 50 Turlock
E018868 Kern Delano 081112Cxtarsalis 50 HartPark

E018897 Kern Buttonwillow 081819Cxtarsalis 50 Turlock
E018898 Kern Buttonwillow 081819Cxtarsalis 50 HartPark

E18900 Kern Buttonwillow 081819Aemelanimon 50 CEV

E021140 Kern TracyRanch 0818 Cxtarsalis 50 WEE

E021141 Kern TracyRanch 0818 Cxtarsalis 50 WEE

E021142 Kern TracyRanch 0818 Cxtarsalis 50 WEE

E021143 Kern TracyRanch 0818 Cxtarsalis 50 WEE

E021144 Kern TracyRanch 0818 Cxtarsalis 50 WEE

E021146 Kern TracyRanch 0818 Cstarsalis 50 HartPark

E021147 Kern TracyRanch 0818 Cxtarsalis 50 WEE

E021154 Kern EurekaDuckClub 0818 Cxtarsalis 50 HartPark

E021188 Kern Bakersfield 0818 Cxtarsalis 50 WEE

E021189 Kern Bakersfield 0818 Cxtarsalis 50 HartPark

E018910 Kern Delano 082526Cxtarsalis 50 Turlock
E018924 Kern Buttonwillow 082526Aemelanimon 50 CEV

E018925 Kern Buttonwillow 082526Aemelanimon 50 CEV

E018945 Kern Buttonwillow 090102 Cxtarsalis 50 HartPark

E021216 Kern Bakersfield 0909 Cxtarsalis 50 Turlock

E021218 Kern Bakersfield 0909 Cxtarsalis 50 WEE

E021220 Kern Bakersfield 0909 Cxtarsalis 50 WEE

E021231 Kern Arvin 0909 Cxtarsalis 50 WEE

E014147 Kern Delano 0914 Cxtarsalis 50 Turlock

E014149 Kern Delano 0914 Cxtarsalis 50 WEE

E014153 Kern Delano 0914 Cxtarsalis 50 Unidentified

agent
E014162 Kern Delano 0914 Cxtarsalis 50 Turlock

E018966 Kern Bakersfield 090910Cxtarsalis 50 Turlock

E018973 Kern Buttonwillow 090910Cxtarsalis 50 WEE

E018978 Kern Buttonwillow 090910 Cxtarsalis 50 WEE

E018979 Kern Buttonwillow 090910 Cxtarsalis 50 WEE

E018989 Kern Buttonwillow 090910Aemelanimon 50 CEV

E018993 Kern Delano 090910Cxtarsalis 50 WEE

E021241 Kern Wasco 0915 Cxtarsalis 50 WEE

E021258 Kern Wasco 0915 Cxtarsalis 50 WEE

E019032 Kern Buttonwillow 091516Aemelanimon 50 CEV

E019040 Kern Buttonwillow 092223Cxtarsalis 50 Turlock
E019041 Kern Buttonwillow 092223Cxtarsalis 50 Turlock HartPark

E019044 Kern 8uttonwillow 092223Cxtarsalis 50 WEE

E019046 Kern Buttonwillow 092223Aemelanimon 50 CEV

E019049 Kern Buttonwillow 092223Cxtarsalis 50 Turlock
E016973 Merced Merced 0714 Cxtarsalis 50 Turlock

E016974 Merced Merced 0714 Cxtarsalis 50 HartPark
E010721 Placer Roseville 0706 Cxtarsalis 50 HartPark

E010738 Placer Sheridan 0706 Cxtarsalis 50 HartParkiTurlock
E010741 Placer Sheridan 0706 Cxtarsalis 50 HartPark
E010781 Placer Roseville 0716 Cxt lis 50 Turlock
E010769 Placer Rocklin 0720 Cxtarsalis 50 WEE
E002847 Riverside Mecca 0519 Cxtarsalis 50 WEE
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fable5continued

Identifying
lumber

E002852

E002854
E002864

E002865
E002867

E002868

L002869

L002870

E002872

E002874

L002875
L002877

E002878

E002880
E002896

E002898
E003200
E010818

E002960

E002962

E002964

E002969

E002970

E002971

L002976

E002977

E010771

E010040
E010755

E010053

E010067

E020253

E020268
E020274

E020275

E020287

E020290

E020299

E020304

E020305

E020330

E020332

E020337

E020349

E020364

E020368

E070394

E020431

E020442
E020476

E020489

E018561

E018572

E018135

E018153

E018138

County

Riverside
Riverside

Riverside
Riverside
Riverside

Riverside
Riverside

Riverside
Riverside

Riverside

Riverside

Riverside
Riverside
Riverside

Riverside

Riverside

Riverside
Sacramento

SanBernardino

SanBernardino
SanBernardino

SanBernardino

SanBernardino
SanBernardino

SanBernardino
SanBernardino

SanJoaquin
Stanislaus

Stanislaus
Stanislaus
Stanislaus

SutterYuba
SutterYuba
utterYuba
SutterYuba

SutterYuba

SutterYuba
SutterYuba
SutterYuba

SutterYuba
SutterYuba

SutterYuba
SutterYuba
SutterYuba
SutterYuba
SutterYuba

SutterYuba

SutterYuba
SutterYuba
SutterYuba
SutterYuba

SutterYuba
SutterYuba
Tulare

Tulare

Tulare

Place

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Mecca

Sacramento

Parker

Needles

girdles

Needles

Needles

Needles

Needles

Needles

Escalon

Denair

ValleyHome
Newman

Newman

Wheatland

LiveOak

YubaCity
YubaCity
Linda

Marysville
LiveOak
EastNicolaus

YubaCity
YubaCity

Marysville
YubaCity
LiveOak

Marysville
Marysville

LiveOak

YubaCity
Marysville
YubaCity
YubaCity

Meridan
Meridan

Teviston
Teviston
Teviston

Date

0519

0519
0616

0616

0616

0616
0616
0616
0616
0616

0616

0616
0616
0616
0722

0722
0722

0709

0610
0722
0722

0722

0722

0722

0820
0820

0709 Cxtarsalis

0630 Cxtarsalis

0709 Cxtarsalis

080405 Cxtarsalis

0804 Cxtarsalis

0622

0623

0623

0623

0629

0629

0630

0630

0630

0706

0706
0713

0720

0721

0721

0728

0810
0810
0825

0831

0901

0908
0706

0721

0721

Species

Cxtarsalis

Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis

Cxtarsalis

Cxtarsalis

Cxtarsalis
Cxtarsalis

Cxtarsalis

Cztarsalis

Cxtarsalis
Cxtarsalis

Cxtarsalis

Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis

Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis

Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis

Cxtarsalis

Cxtarsalis

Cxtarsalis
Cxtarsalis
Cxtarsalis
Cxtarsalis

Cxtarsalis

Cxtarsalis

Cxtarsalis
Cxtarsalis
Cxtarsalis

Dumber Virus

inPool Isolated

50 HartPark

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 Turlock
42 HartPark
50 Turlock

50 Turlock

50 Turlock

10 Turlock

50 SLE

50 SLE

50 Turlock

29 HartPark

50 HartPark

50 Turlock

16 Turlock

50 Turlock

50 Turlock

50 Turlock

50 Turlock

50 Turlock

50 HartPark

50 Turlock

50 HartPark

50 Turlock

50 Turlock

50 Turlock

50 Turlock

50 Turlock
50 Turlock

50 Turlock

50 Turlock

50 WEE

50 Turlock

50 Turlock

50 WEE

50 WEE

50 WE

50 HartPark
50 HartPark

50 HartPark



Table5continued

Identifying Number Virus

Number County Place Date Species inPool Isolated

E018139 Tulare Teviaton 0721 Cxtarsalis 50 HartPark

E018140 Tulare Teviston 0721 Cxtarsalis 50 HartPark

E018142 Tulare Teviston 0721 Cxtarsalis 50 HartPark

E018145 Tulare Teviston 0721 Cxtarsalis 50 Turlock

E018146 Tulare Teviston 0721 Cxtarsalis 50 HartPark

E018147 Tulare Teviston 0721 Cxtarsalis 50 HartPark

E018148 Tulare Teviston 0721 Cxtarsalis 50 HartPark

E018159 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E018160 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E018162 Tulare Teviston 0803 Cxtarsalis 50 Turlock

E018163 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E018164 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E018175 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E018180 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E018183 Tulare Teviston 0803 Cxtarsalis 50 Turlock

E018185 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E018186 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E018187 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E021001 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E021003 Tulare Teviston 0803 Cxtarsalis 50 Turlock

E021005 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E021006 Tulare Teviston 0803 Cxtarsalis 50 Turlock

E021007 Tulare Teviston 0803 Cxtarsalis 50 HartPark

E021021 Tulare Earlimart 0810 Cxtarsalis 50 HartPark

E021025 Tulare Earlimart 0810 Cxtarsalis 50 Turlock

E021028 Tulare Earlimart 0810 Cxtarsalis 50 HartPark

E021029 Tulare Earlimart 0810 Cxtarsalis 18 Turlock

E021033 Tulare Teviston 0810 Cxtarsalis 50 Turlock

E Tulare Teviston 0810 Cxtarsalis 50 HartPark

E021039 Tulare Earlimart 0810 Cxtarsalis 50 HartPark

E021048 Tulare Earlimart 0810 Cxtarsalis 50 HartPark

E021049 Tulare Earlimart 0810 Cxtarsalis 50 HartPark

E021051 Tulare Teviston 0810 Cxtarsalis 50 Turlock

E021052 Tulare Teviston 0810 Cxtarsalis 50 Turlock

E021053 Tulare Teviston 0810 Cxtarsalis 50 HartParis

E021060 Tulare Pond 0817 Cxtarsalis 50 HartPark

E006160 Tulare Pixley 0818 Cxtarsalis 50 Turlock

E006161 Tulare Pixley 0818 Cxtarsalis 55 HartPark

E006162 Tulare Pixley 0818 Cxtarsalis 60 Turlock

E006163 Tulare Pixley 0818 Cxtarsalis 60 HartPark

E021069 Tulare Teviston 0824 Cxtarsalis 50 Turlock

E021070 Tulare Teviston 0824 Cxtarsalis 50 HartPark

E021071 Tulare Teviston 0824 Cxtarsalis 50 MartPark

E021088 Tulare Teviston 0824 Cxtarsalis 50 Turlock

E021090 Tulare Teviston 0824 Cxtarsalis 50 Turlock

E021099 Tulare Earlimart 0824 Cxtarsalis 50 HartPark

E021346 Tulare Earlimart 0824 Cxtarsalis 50 Turlock

E021349 Tulare Earlimart 0824 Cxtarsalis 50 HartPark

E014124 Tulare Teviston 0908 Cxtarsalis 50 WEE

E014131 Tulare Delano 0908 Cxtarsalis 50 WEE

E014134 Tulare Delano 0908 Cxtarsalis 50 Turlock

E014139 Tulare Teviston 0914 Cxtarsalis 50 WEE

E014141 Tulare Teviston 0914 Cxtarsalis 50 Turlock
E014142 Tulare Teviston 0914 Cxtarsalis 50 WEE

E010825 Colo Woodland 0716 Cxtarsalis 50 HartPark
E002979 MohaveAZ Needles 0820 Cxtarsalis 28 HartPask
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Table6 SerologicalconversionstoWEEandSLEvirusesinsentinel
chickensCalifornia1981

County

Shasta

Tehama

Butte

Butte

Colusa

Yuba

Sutter

Sacramento

SanJoaquin
Merced

Fresno

Tulare

Kern

Kern

Kern

Kern

Kern

Kern

SanBernardino
Riverside

Riverside

Imperial

Datafor

Location

MADoffice

MADoffice

Chico

GreyLodge

MADoffice

Marysville
Deans

ElkGrove

Escalon

Stevinson

MendotaRefuge
RockyHill

Teviston
Oildale

Wasco

Buttonwiliow

FCTracy
JohnDale

Needles

Mecca

Corona

CordaRanch

Augustonly

Numberpercentpositive Cxtarsalispertrapnight
WEE SLE 1stpos Season Highestdate

O 0

210 0

14 0

15 0

29 0

313 0

O 0

O 0

0

0

0

0

0

0

0

0

211 0

O 0

O 0

833 0

1048 0

417 0

O 0

630 15

O 212
422 528

83

831
928

928

94

94
107

73WEE
85SLE

105
85both

33
110

03
484

91 128

826 71

418

37

52

59
256
06

05
01

04
28

40

171

203
60

02

15

103n11
451911
2398

1646714

1189723
163917

192078
64812

27478
183917

1402930
14820

30917
25415
30910

11092

13585
72092

1383525
227429

11625
126721



VARIATIONINHIEVICTORCOMPETENCEOFCLEXMIENS

COMPLEX1OSTLOUISENCEPHALITISVIRUS

KPMcycrlJLHardyandSBPresser

DepartmentofBiomedicalandEnvironmentalIlea1thSciences
SchoolofPublicHealthUniversityofCaliforniaBerkeleyCalifornia94720

IntheCentralandEasternUnitedStatesCuterpipiens
LandCxquinqucfascialusSayareimportantvectorsof
StLouisencephalitisvirusSLEBothspecieshoweverare
apparentlynotimportantvectorsofSLITintheWestern
UnitedStatesDifferencesinthevectorcompetencebetween
easternandcentralandwesternpopulationscouldbeattri
butedtoamongotherfactorsdifferencesintheinfectibility
andortransmissibilityofgeographicstrainsofSLlvirusby
theindigenousmosquitopopulationsPresentstudiesevalu
atedthevectorcompetencepairedtestsofCxpipiens
populationsfromCaliforniaSacramentoValleyandMary
landandxquinquefasciatuspopulationsfromCalifornia
SanJoaquinValleyandTexasEachpopulationF1pro
genywasinfectedorallybyfeedingonviremicchicksthat
wereinoculatedwitharepresentativeSLEviralstrainfrom
eachofthefourgeographicallocations Mosquitoeswere

lArbovirusFieldStationPOBox1564BakersfieldCalifornia
93302

ABSTRACT

39

testedfortheirabilitytobecomeinfectedandtransmitthe
virusbybiteafteranextrinsicincubationperiodof13to22
daysat25 1CResultsindicatedthatCxpipiensfrom
Marylandwereslightlymoreefficienttransmittersofvirus
thanwereCxpipiensfromtheSacramentoValleyIncon
trastCrquinquefaseiatusfrointheSanJoaquinValleywere
moreefficientvectorscomparedtoCxquinquefasciatus
fromTexasAsreportedelsewhereCxpipiensisoveralla
bettervectorofSLEthanCxquinquefasciatus Though
differenceswereevidentinthetransmissibilityofdifferent
viralstrainsevaluatedtherewasnoconsistencyamongthe
populationstestedtotransmitwithgreaterefficiencyeither
easternandcentralorwesternviralstrainsThusourresults

providenoconclusiveevidenceastowhyCxpipiensorCx
quinquefasciatuspopulationsinCaliforniaarelessimportant
vectorsofSLEthantheircounterpartsintheCentraland
EasternUnitedStates



40

CANINEIIEAItTWORMINTHESANFRANCISCOBAYAREA

IPIZOOTIOLOGYANDCONTROL

CharlesPaulHansen

SanMateoCountyMosquitoAbatementDistrict
1351RollinsRoadBurlingameCalifornia94010

IiroilariaimmitisLeidythecausativeagentofcanine
heartwonndiseaseisaparasiticmosquitobornefilarial
nematodetransmittedbyseveralspeciesofmosquitoes
throughouttheworldThisseriouscaninediseaseoftheAt
lanticandGulfCoastStatesisnowcommonintheGreat

LakesandNewEnglandareasortheUnitedStatesInCalifor
niainvestigationsofcanineheartwormhavebeenfewand
limitedinscopeSanMateoCountyCaliforniaexperienced
anepizooticlevelofinfectionin1977whenmorethan50
casesofheartwonnwerediagnosedbyoneanimalclinicwhich
priorto1977hadidentifiedlessthan6casesannuallyItis
noteworthythatOimmilisinfectionsoccurredpredominant
lyindogsnativetoCalifornianotdogsintroducedfrom
enzooticareasoutsideCalifornia

Theepizootiologyofcanineheartwonnwasprimarily
investigatedinthreeSanFranciscoBayAreaCountiesSan
MateoSantaClaraandSantaCruzduring19791980and
1981Investigationsfocusedonthefollowingroleofthe
domesticdugroleofthewildcoyoteidentificationof
potentialvectormosquitoesanddevelopmentofoperational
guidelinesforcontrolwithinenzooticareasThreedogheart
wormclinicswereconductedrevealinganincidenceof1
intmitisindomesticdogsinthestudyareaof39percentThis

ABSTRACT

represented63positivecasesof160dogsexamined The

influenceofageweightsexneuteredstateandindoor
versusoutdoordwellinghabitsofdogswereanalyzed
Analysisofagefactorandinfectionratebyregressinganalysis
indicatedasignificantpositivecorrelationtheproportionof
parasitizeddogsdidinfactacceleratewithageNorelationship
existedbetweentheotherfactorsandtheincidenceofcanine

heartwormThewildcoyoteCanislatransareservoiranimal
intheSanFranciscoBayAreaexhibitedaninfectionrateless
thanonethirdthatfoundindomesticdogsfromthesame
areaSixmosquitospecieswereconsideredpotentialvectors
Basedonhighadultdensitiesandhighsusceptibilitytoheart
worminfectionlodessierrensisisthemostprobableprimary
vector

Withimprovedcoordinationofcanineheartwormresearch
inCaliforniaandverificationoftransmissionbyparticular
vectorspeciesvectorcontrolagencieswillbebetterprepared
toconcentratecontroleffortswhereapplicableCooperation
amongthepublicsectorcontrolagenciesandveterinarians
isnecessarytoidentifyenzooticareasforheartwonnand
initiateprocedurestominimizetheimpactofpotential
epizooticsandreducetheincidenceofparasitismamong
domesticdogs



EFFICACYOFTHEMOSQUITOFUNGALPATHOGEN
LAGENIDIUMGIGANTEUM

OOMYCETESLAGENIDIALES

Theuseoffungiforcontrolofmosquitolarvaeinselected
habitatsispromising Thereareobstaclestobeovercome

howeverandtheuseoffungiisnotpresentlypracticalinan
operationalprogramAtNorthCarolinaStateUniversityand
theUniversityofNorthCarolinaArisDomnasweare
engagedincooperativeresearchsupportedbyNIHgrant1RO1
Al17024todevelopthecseofthefungiLagenidiumgigan
teumTwoisolatesarebeingstudiedNorthCarolinaNC
andLouisianaLAFollowingisasummaryofrecentresults
fromthisprogram
CULTURETECHNIQUESInvitroculturingofLagenidium
giganteumisbeingunprovedusingbothbrothandsolidagar
mediatechniques Presentlymaintenanceofthefungiis
bestaccomplishedonabrothmediumWYGIIcomposedof
wheatgerm32gliteryeastextract14gliterandglucose
12gliterwithadditionofsufficientaqueousextractof
hempseedtoresultin025mgsolubleproteinpermlof
brothThefungusmayalsobegrowninPYGbrothcom
posedof125gliterpeptone125gliteryeastextractand3
gliterglucoseThebrothculturesareinflasksonashaker
table Althoughmoreresearchisneededtomaximizepro
ductionsofarthegreatestyieldhasbeenbygrowingthe
fungusinPYGbrothforfivesixdaysthenonagarplates
containing2agarpreparedwithaqueoushempseedextract
addedinsufficientquantitytogive10mgsolubleprotein
permlAftersevendaysonthehempseedagarplatethe
plateisplacedin1000mlofdistilledwaterfor18hours
thetimeforpeakproductionofvesiclesandzoospores
at27C

Timeintervalsonbrothandonhempseedagararecritical
Methodsarebeingtestedtoproducesporulationdirectlyfrom
thebrothwithoutusingtheplatesbutsofartheresultsarc
highlyvariable

Theagarplatesmaybestoredforupto10daysifkept
moistandwillremainactiveiethefunguswillproduce
zoosporesuponfloodingwithlargevolumesofwaterFor
greatestproductiontheagarintheplatesshouldbethin
07510n

Atpresentthemostpracticalmethodforfieldintroduction
ofthefungusculturedbyinvitromethodsisbyusingtheagar
platematerial
ENVIRONMENTALEFFECTSForeffectiveandpractical
useofthefungusinthefielditisnecessarytobeableto
predicttheliklihoodofsuccessfulinfectionofmosquito
larvaebyintroducedfungusFactorsintheaquatichabitat

RCAxtellSTJaronskiandTLMerriam

DepartmentofEntomology
NorthCarolinaStateUniversityRaleighNC27650
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whichwearequantifyingare organicpollutionsalinity
temperaturepHandpesticides
OrganicpollutionSporulatingagarplateculturesofLageni
diumgiganteumwereintroducedintooutdoorpilotscale
poultrywastelagoons Inunpollutedwaterthefungus
infected2729ofCulexquinquefaciatualarvaedepending
uponthesizeofthefungalinoculumLagenidiumpersisted
foronemonthinthesehabitatsuntillowwatertemperatures
inhibitedfungaldevelopment

Lowtomoderatelevelsoforganicwaterpollutioncom
pletelypreventedinfectionoflarvaebyLagenidiuminthe
lagoons

Laboratorytestsoftheeffectsofpollutionlevelson
zoosporogenesisandlarvalinfectionbyLagenidiumallowed
developmentofamultipleregressionformulathatrelated
levelsofchemicaloxygendemandCODtotalKjeldltal
nitrogenTKNammonianitrogenNH3andtotalphosphor
ousPtopercentageinfectionoflarvaeunderstandardized
optimumconditionsTheregressionis Infection 1139

02mg1COD 602mg1P 341mg1NH3 192

ing1TKNThisformulameansthattheinfectionrate
woulddecrease02foreachadditionalmg1COD602
foreachadditionaling1P341foreachadditionalmg1
NH3and192foreachaddedmg1TKNwhenallfour
parameterswereconsideredsimultaneouslyOnlyNH3and
PwerestatisticallyreliablepredictorsofLagenidiumperform
anceinpollutedwater

Observationsofsporulatingfungusculturesinpolluted
waterrevealedthatorganicpollutioninterfereswithzoosporo
gensisandwithviabilityofanyzoosporesthathavebeen
produced

OurexperimentsindicatethatLagenidiumgiganteumhas
littleornopotentialasabiologicalcontrolagentInhabitats
havingevenslightorganicpollution Inunpollutedwater
howeverthefunguscancauseepizooticsandrecycleitself
aslongaswatertemperaturesarefavorableforitsgrowth
Salinity Laboratoryexperimentswereconductedtodeter
minethesalinityrangeoverwhichNorthCarolinaNCand
LouisianaLAisolatesofLagenidiumgiganteumCouch
growvegetativelyandinfectmosquitolarvaeThemycelia
growthratesofthetwoisolatesonnutrientagarwere
increasedwith25and50partsperthousandpptofNaCI
addedandreducedwith75pptormoreNaCITheLAand
NCisolatesdidnotgrowonagarcontaining20and30ppt
NaCIrespectively TheICS0valuesfortheinhibitionof



42

mycelialgrowthoftheLAandNCisolates109and120
pptNaCIrespectivelywerenotsignificantlyp 05
different

TheabilityofthetwoisolatesofLgiganteumtoinfect
larvaeofledestaeniorhynchusWiedemanndecreasedasthe
salinityofthewaterincreasedThe1CS0valuesforthein
hibitionofinfectioninmosquitolarvaebytheLAandNC
isolates052and055pptNaCIrespectivelywerenot
significantlyP 05differentMicroscopicexaminationof
thefungusinsalineanddistilledwatersshowedthatNaC1
inhibitedtheproductionofzoosporesInwatercontaining
15pptNaC1therewascomplete100inhibitionofzoo
sporogenesisandmosquitoinfectionineachisolateofL
giganteumZoosporogenesiswasca22timesmoresensitive
tosalinitythanwasmycelialgrowth

TemperatureandpHFromfieldandlaboratoryexperiments
withtheNCandLAisolatesitisapparentthatLagenidium
infectionofmosquitolarvaeisoptimalattemperaturesof
21to29C Ifthetemperatureismuchabove30Cfor
appreciableperiodsoftimethefunguswillnotbeeffective
againstmosquitolarvae Thefungusreadilyinfectedmos
quitolarvaewithinapHrangeof6389inbothlaboratory
andfieldexperiments
PesticidesDuetotheuseofcertaininsecticidesformosquito
controlherbicidesforweedcontrolandcontaminationof
aquatichabitsbyrunofffromagriculturallandsthecom
patibilityofLagenidiumwithvariouspesticidesintheaquatic
environmentmaybecomeimportant Thetwoisolatesof

iagenidiunrgiganteumweretestedinthelaboratoryfortheir
abilitiestocontinuemycelialgrowthandtoproducezoo
sporesDilutionsofthechemicalstechnicalgradewerein
corporatedintoPYGagarattherecommendedfieldratesand
severallog10concentrationshigher Petridisheswere

inoculatedandmycelialgrowthratesweredetermined
Percentinhibitionofmycelialgrowthrelativetocontrolvs
log10dosewereprobittransformations

TheresultsofcompatabilitytestsoftheNCisolateandthe
followingpesticidesgavethefollowingLC10andLC50values
ppmrespectively malathion2091306chlorpyrifos
615699temephos168846970fenthion891206
toxaphene61908DDT38718620lindane0920
carbaryl134437propoxur12762313atrazine133
675captan166647 SimilarstudieswithLAisolate

showed thefollowingLC10andLC50valuesppm
respectivelymalathion60320chlorpyrifos76114397
temephos345316533fenthion226543toxaphene
20374DDT625867lindane0315carbaryl
394propoxur5852070captan76449atrazine152
943Otherchemicalsthatappearedtobelesstoxictothe
mycelialgrowthofeachisolateofLgiganteumatthelevels
testedwerethefollowingmeth6prene1C10ca1000ppm
permethrinLC10 180ppm dimilinLC10 740ppm
Additionaltestsarecurrentlyinprogresstostudytheeffects
oftheseandotherpesticidesonzoosporeproduction
SUMMARYLagenidiumgiganteumispotentiallyauseful
biologicalcontrolagentformosquitolarvaeundercertain
environmentalconditionssuchasverylittleornoorganic

pollutionwatertemperaturesnotabove30Cforanyappreci
ablelengthoftimeandlittleornosalinityInhibitingpesti
cidesshouldnotbepresent Inmostmosquitobreeding
habitatsthepHlevelwillnotbealimitingfactorThefungus
canberoutinelyproducedbyinvitromethodsandintroduced
intothefieldfromagarplateculturesUndersomecircum
stancesthefunguswilloverwinterandrecycleinamosquito
breedinghabitat

LikeanybiologicalcontrolagentLagenidiumgiganteum
willbeausefultoolbutnotapanaceatobeconsideredina
mosquitoIPMprogramFurtherresearchanddevelopmentis
necessarybeforeitsuseinoperationalIPMprogramsis
practical
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ARTIFICIALCULTUREOFTHESEXUALANDASEXUAL

STAGESOFLAGENIDIUMGIGANTEUM

Lagenidiumgiganteumafacultativeparasiteofmosquito
larvaeinfectsitshostviamotilezoosporeswhichcanbe
formedeithersexuallyorasexually Likemanyother
oomycetousfungiLgiganteumrequiresanexogenous
sourceofsterolsfortheinductionofeithertypeofrepro
ductionIthasbeenknownforanumberofyearsthatsterols
structurallyrelatedtocholesterolarenecessaryforasexual
reproductionRecentlywehavedefinedconditionsunder
whichthesexualoroosporestagecanbeinducedinvitro
usingsterols

Artificialcultureofoosporesofthisfungusispotentially
amenabletocommericalproduction Desirablecharacter

isticsofoosporesincludeabrasionresistancetoleranceto
temperatureextremesandtheabilityforstorageinade
hydratedstateformonthsoryearswithoutlossofviability
Inadditionoosporescanbedisseminatedusingtechniques
commonlyemployedforinsecticides

JamesLKerwinandRobertKWashino
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Underappropriateconditionsfollowingasixtoten
weekmaturationperiodoosporesgrowninartificialculture
willproduceagermtubefromwhich15to20biflagellate
zoosporesarereleasedThesezoosporesaremorphologically
indistinguishableatthelightmicroscopelevelfromasexual
zoospores

Basedonfieldobservationsandinitiallaboratoryevalu
ationszoosporesgeneratedviathesexualprocessappear
tobemuchmorevirulentthanasexualzoosporesagainst
bothmosquitospeciesCulextarsalitandAnophelesfree
borniassociatedwithricecultureinCaliforniasCentral

ValleyFieldevaluationsinthe1982seasonwillfurthertest
theefficacyofthesexualstageofLgiganteuminmosquito
control
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MASSREARINGOFROMANOMERMISCULICIVORAX

APROGRESSREPORT

SusanMCritchfieldJeraldFHarveyEugeneEKauffman

SutterYubaMosquitoAbatementDistrict
POBox726YubaCityCA95992

InMay1980SutterYubaMosquitoAbatementDistrict
incooperationwithUCDavisbeganaprojecttomassrear
themermithidnematodeRomanomermisculicivorax The

firsteightmonthsfocusedontrainingdistrictpersonneland
onestablishingamasscolonyofCulexpipiensthehost
mosquitoforthenematodes

Sincetheprojectbeganimprovementshaveheenmadein
equipmentandsometimesavingstepshavebeenimplemented
Therearinglaboratorycurrentlyhousesthirty2ftx2ftx
2ftadultmosquitocagesandsixteenmetalracksforholding
fiberglassrearingpansEachrackholdseightpansLarvaeare
rearedat10000perpan

Twoadditionstotheprojectwererecentlymade A

screenedbuildingwasconstructedoutdoorstohousethe
CoturnixquailusedasbloodhostsforthemosquitoesAtthis
time120quailareusedperweekInourexistingbuilding
atemperaturecontrolledstorageroomwasconstructedfor
nematodeeggcultures

Withtheexceptionofafewmodificationsthebasicrearing
techniquesforboththenematodeandthemosquitoremain
thesame Mosquitolarvaearefedadietoffinelymilled
commericalratchowInadditiontoaweeklybloodmealthe
adultsarefeda10sucrosesolution Fourdaysaftera
bloodmealeggraftsarecollectedandbymeansofagrid
systemthedesirednumberofeggraftsareaddedtosmall
containersandlefttohatchbeforebeingaddedtotherearing
pans

Preparasitesareintroducedtofirstinstarlarvaeata41
nematodemosquitoratioLarvaearefeddailyOnthe
seventhdayinfectedlarvaearecollectedandconcentrated
inplasticemergencecontainersPostparasitesarecollected
dailyuntilemergencehasfinished

Newculturesarestartedbyaddingonelitreofdechlori
natedwatertoaplasticshoeboxfilledwithoneInchofauto
clavedmediumcoarsesand Postparasitesareaddedat5
gramspercultureCulturesaredrainedafterthreeweeksand
arestoredonshelvesuntiltheeggshavematured

Duringthesummerandearlywintermonthsof1981cul
tureshadnotbeenstoredinatemperaturecontrolledarea
temperaturesvariedwidelyandwereinfluencedbyoutside
seasonaltemperaturesInAugustwhenthreeweekoldcul
tureswereroutinelydrainedactivepreparasiteswerefound
Thisindicatedthatwithintheinitialthreeweekperiodpost
parasiteshadmaturedcompletedovipositionandsomeeggs
hadmaturedandhatchedInJanuary12weekoldcultures
whichshouldhavecontainedmatureeggswerefloodedand
yielded0 10000preparasitesByplacingthese12week
oldculturesinastorageareaataconstanttemperatureof
27Cpreparasiticproductionincreasedinthreeweeksand
furtherfloodingsattwoweekintervalsproducedevengreater
increases Furthertestswithadditionalculturesarebeing
madeandwhileresultsarestillinconclusivepreliminary
resultsindicatethatbyusingcontrolledtemperaturescultures
mightbetimedtomeettheseasonalneedsforfieldappli
cations

Duringthesummermonthsof1981thedistrictprovided
DrRobertWashinoandhisstaffwithpostparasitesforrice
fieldmosquitocontrol Inadditionthedistrictmadepost
parasiteapplicationsatsomeoverwinteringtestsitesindrain
agecanalscemeterypondsandgolfcoursepondsduringthe
fall

WewillbeprovidingpostparasitesforUCDaviscon
tinuingricefieldstudiesthissummer Thedistrictsplans
includetestsforpresenceofparasitesinlastyearsover
winteringtestsitesalongwithnewsitestobetested

Thisyearspostparasiteproductionhasalreadyexceeded
1981sproduction Preliminarydesigninghasbegunfor
expandingourrearingfacilitiesTheplannedadditiontothe
existingbuildingwilladdtwotothreetimestheareatothe
presentrearinglab

Throughoutthepastyearweappreciatedtheguidance
andassistanceofDrRobertWashinoandhisstaffDrEdward

PlatzerandDrBeckyWesterdahl



NEWPARASITICINSECTSFORBIOLOGICALCONTROL
OFSYNANTHROPICFLIES

Parasiticinsectscontributesignificantlytothenatural
biologicalreductionofsynanthropicfliesoftheendophilous
categorywhereabundanceiswhollydependentonhuman
activityLegneretal1974Controlofthisgroupofflies
includingthecommonhouseflyandseveralspeciesofFannie
canoftenbeincreasedbyinundationwithparasiticinsectsthe
mosteffectivebeingspeciesofSpalangiaMuscidifuraxand
occasionallyPachycrepoideusvindemiaeRondaniandTech
inaephaguszealandicusAshmeadLegner1981Legnerand
Brydon1966LegnerandDietrick1972Morgan1981
Morganetal1975a1975b1976OltonandLegner1975
RutzandAxtell1979

Althoughparasiteinundationcombinedwithsoundfilth
habitatmanagementLegneretal 1973mayreducefly
abundancetobelowtheannoyancethresholditisapparent
thatdegreesofcontrolmayvaryindifferentclimatesThe
parasiticinsectsthathavebeenavailableforinundationhave
untilnowbeenrestrictedtosinglestrainsofafewspecies
usuallythoseacquiredatsubtropicallatitudeswhereinitial
experimentswereconductedtoshowtheireffectiveness

Currentinvestigationsshowthatflyparasitestrainsand
speciesfromdifferentgeographicalandclimaticareasdifferin
theiractivityafindingthatisbecomingincreasinglyapparent
inotherhostparasiterelationshipsTheutilizationofsomeof
thesenewspeciesandstrainswhicharecapableofgreater
parasitizationratesinawidervarietyofclimatesoffers
possibilitiesforsubstantialgainsinthebiologicalcontrolof
synanthropicflies Thisreassessmentinvolvingparasitesof
MusesdomesticLStomoxyscalcitransLFanniecani
cularisLandFanniafemoralisSteinpointedtotheabsence
ofseveralnoteworthyspeciesandstrainswhichattackthese
pestsinotherpartsoftheworldorinisolatedareasofthe
NorthAmericanContinentSomeofthenewparasitespossess
characteristicssuitedtoabroaderclimaticrangesuchasis
foundinthecentralandwesternUnitedStateswhereexcessive

heatanddroughtoftenrestricttheperformanceofresident
speciesorthosethatwereavailablethroughcommercial
sources

ForexampletheparasiteSphegigasterspFIG1is
widelyactiveinthenativeAfricanrangeofhouseandstable
fliesLegnerandGreathead1969LegnerandOlton1968
AnewisolatefromIsraelpossessesahighdegreeofdrought

ResearchsupportedinpartbyHatchActfunds
2EFLegnerisProfessorofBiologicalControlandEntomologist

DivisionofBiologicalControlUniversityofCaliforniaRiversideCA
92521EJDictrickisPresidentandDJBlehmentomologistRincon
VitovaInsectariesIncPOBox95OakViewCA93022

EFLegnerEJDietrick DJBlehm
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resistanceaggressivenessandreproductivecapacitythatmakes
itagoodcandidateforfilthflycontrolIntheAmericanwest
Itsabilitytoparasitizepupaeatthefilthhabitatsurfacein
coolweatherespeciallysuitsitforFanniacontrolinCalifor
nia FielddatainsouthwesternCaliforniashowthat

Sphegigasterspiscapableofparasitizingsuchfliesonpoultry
ranchesreducingtheiremergencebyover80aroundrelease
siteswithliberationratesof100persquaremeterofbreeding
habitat

AdroughtresistantstrainofthepupalparasiteSpalangia
endiusWalkerfromNewZealandLegnerandOlton1968and
Legnerunpublisheddataalsooffersthepossibilityfora
broaderbiologicalcontrolinthesemiaridAmericanwest
ThisNewZealandrelativealsodemonstratesactivityatlower
temperatures22Cthantheresidentformandhybridizes
withotherstrainsofthesamespecieswhereitisreleased
Apopulationofhybridscanbeproducedwhichshowsin
creasedvigoroverbothparentsinitsabilitytoparasitizea
greaternumberofflieswithinthesametimeperiodandin
increasedlongevityCommericalmassproductionisgreatly
facilitatedbecauseofthegreatervigorandlowerrearing
temperatureandhumidityrequirements

AgiantstrainofMuscidifuraxzaraptorKoganandLegner
FIG2occursinthecentralpartofthewesternGreat
PlainsofColoradoandNewMexicoLegner1977andLegner
unpublisheddata Thisstrainshowsenhancedqualities
offecunditycoldhardinessheattoleranceandhabitatfor
agingcapabilityStrainsofthispupalparasiteinCalifornia
andtheeasternUnitedStatesaremuchmorerestrictedintheir

abilitytopenetratethebreedinghabitatinsearchofflypupae
intheirfecunditiesandintheirtolerancetohightemperatures
andwintercold

Arecentbiologicalcontrolsuccessagainststableflies
StomoxyssppontheIslandofMauritiushasbeenachieved
withtheintroductionofTachinaephagusstomoxcidaSubba
RaofromUgandaJMontypersonalcommunication
Stablefliestherehadreachedpopulationdensitiesofunpre
cedentedproportionswhichplaguedhumansandanimalsalike
Monty1972Thestableflypopulationsarenowmaintained
attolerablelevelswithannualreleasesoftheparasiteAl
thoughatropicalspeciesTstomoxcidaofferspossibilitiesof
controllingstablefliesinAmericathroughannualinoculative
releases

Althoughimplementationoftheaboveparasitesisexpected
toimprovebiologicalflycontrolabioticandbioticrequire
mentssuchashumiditytemperaturehabitatdepthandhost
preferencesoftheparticularparasitespeciesorstrainmust
beconsideredtomaximizetheireffectivenessAbles1975
AblesandShepard1976Ablesetal1976GerlingandLegner



46

FIGUREINewIsraelisynanthropiefIyparasiteSphegigaslersp
examininghouseIlypupariuntpriortoparasitiiation
photobyMFBadgIey1

FIGURE2GiantcoldhardyandheatresistantstrainofMuscidifurax

zaraptorKogan LegnerfromColoradoandNewMexico
positionedonpupariumofthecomtnonhousetlyphoto
byMFBadgtey



1968Legner1977LegnerandOlton1971Legneretal
1976Markwick1974Mourier1971OltonandLegner1974
TingleandMitchell1975Alsothedelicateinterrelation
shipsthatexistbetweenparasiticinsectsandarthropod
predatorswhentheirhostsareinbalanceatlowdensities
Legner1969Legneretal19801981demandaminimum
disturbanceofthebreedinghabitattoguaranteethecon
tinuanceofthisbalanceDietrick1981Legner1981Legner
etal1973Specialconsiderationsarerequiredfordifferent
flybreedinghabitats
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ECOLOGICALSTUDIESOFINSECTPREDATORSANDGAMBUSIA
INRICEFIELDSAPRELIMINARYREPORT

JamesRBenceandWilliamWMurdoch

DepartmentofBiologicalSciencesUniversityofCalifornia
SantaBarbaraCalifornia93106

ABSTRACT

SeveralexperimentswereconductedinricefieldsinCalifornias
centralvalleyduringthe1981riceseasonThepurposeoftheseexperi
mentswastolookathowtheinteractionbetweenGambusiaand
invertebratesmayinfluencemosquitoproductionThepreliminary
resultssuggestthat1largepredaceousinsectsreducetheabundance
ofsmallpredaceousinsects2Gambusiareducestheabundanceand
meansizeofzooplanktonand3insectpredatorspreymoreheavily
uponCulextarsalisinresponsetothisreducedabundanceofalternative
food

INTRODUCTIONGambusiaaffinisthemosquitofish
consumesmanypreytypesbesidesmosquitoesandhasbeen
showntoalterthepopulationdensitiesofbothzooplankton
andpredaceousinsectsReedandHoy1970Farleyand
Pounce1977 Itseemslikelythatthesechangesinthe
invertebratecommunityaffectmosquitosurvival Indeed

resurgencesofmosquitonumbersfollowingtheintroduction
ofGambusiatoricefieldshavecoincidedtemporallywith
depressionsinpredaceousinsectnumbersHoyetal1972
FarleyandYounce1977Duringthe1981riceseasonwe
performedseveralexperimentsinricefieldsdesignedto
investigatehowGambusiainteractswithinvertebratesto
influenceCulextarsalisproduction

METHODSWeplaced244Menclosureswithinarice
paddyduringMay1981Onehalfoftheseenclosureswere
stockedwithfiveadultfemaleGambusiaWeattemptedto
removepredaceousinsectsfromsomeoftheseenclosuresby
nettingbutfoundthistobenotfeasiblesowediscontinued
thenettingafterJune9th Predaceousinsectsinthe

enclosureswere sampledperiodicallybynettingwithina
14MaluminumquadrantTheseinsectsweredividedinto
threeequallengthclassessmallmediumandlargeZoo
planktonandmosquitoesweresampledbytaking500ml
dipsusingaglassjar

Anumberofpreliminarysmallscaleexperimentsindicated
thatthecommonpredaceousinsectspeciesinricefields
reducedCxtarsalissurvivalBenceinprepWetherefore
performedashorttermexperimentthatinvestigatedthe
interactionbetweenoneofthesepredatorsTropisternus
lateralisahydrophyllidbeetleandGambusiaThistwoway
factorialexperimentwasdonein14Menclosures All

predaceousinsectsthatcouldbecaughtwereremovedfrom
16enclosuresonJuly10th1981 Thirty2ndinstarT
lateralislarvaewereaddedtohalfoftheenclosures At

thistimeTlateraliswasthenumericallydominantpredaceous

insectandthiswaswithintherangeofdensitiesfoundinthe
field Fourlarge40mmGambusiawerethenaddedto
halfoftheenclosureswithTlateralisandhalfofthosewith
outTlateralisandthenwereremovedafter2daysOne
hundredfourthinstarCulextarsaliswerethenaddedtoall
enclosuresThenumberofCxtarsalisrecoveredbynetting
12hlaterwasrecorded

Theexperimentwasalsoanincompleteblockdesign
Enclosureswereplacedinthefieldinpairsandonemember
ofeachpairreceivedTlateraliswhiletheotherdidnot

RESULTSLargeEnclosures Gambusiareducedthe

densityofzooplanktonandshiftedthesizedistributionof
zooplanktontowardssmallersizesThesesampleshavenot
beencompletelyanalyzedhoweverourdatafromJuly25th
illustratethisresultFIG1
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Ourattemptsatremovingallofthepredaceousinsects
fromthelargeenclosuresfailedInfactsubsequentsampling
suggestedthatthereweremoresmallpredaceousinsectsin
enclosuresfromwhichpredaceousinsectshadbeenpartially
removedthanfromthoseinwhichpredaceousinsectswere
notremovedTable1
SmallEnclosures Theresultsfromtheshorttermsmall

enclosureexperimentindicatethatTlateralisreducedthe
survivalofCxtarsalisAmoreunexpectedresultwasthat
thepresenceofGambusiapriortotheintroductionofCx
tarsalisseemedtoreduceCxtarsalissurvivalinthosepairs
ofenclosureswhichcontainedTlateralisbutnotinthose

thatdidnotTable2

Table1Numberofsamplesfromlargeenclosurescontainingsmallpredaceousinsecsdatapooledfor6481and6981

SmallPredaceous

InsectsPresent 20

SmallPredaceous

InsectsAbsent

Table2NumberofCxtarsalisrecoveredfrom14Menclosuresafter12hours

Block

WITHPREDACEOUSINSECTS

1

2

3

4

34

36

8

11

FG13115
025p05

ns Fblocks3345
1p25

PredaceousInsectsRemoved

ns

ns

Gambusia
Present

22

6481 2X2X15
6981 2X2X475
Summed 2X2X625
Pooled 2X2X617

Heterogeneity X08

Gambusia
Absent

46

51

42

26

POOLEDMANNWHITNEYU88insects55p0I

DISCUSSIONOurresultshaveshownthatGambusia

reducestheabundanceandmeansizeofzooplanktonIn
turnresultsfromourshorttermsmallenclosureexperiment
indicatethatTlateralismaybeamoreeffectivepredatorof
mosquitoeswhenalternativepreyarescarceThisislikely
tobetrueofotherpredatorsalsoincludingGambusiaitself
ThusoneeffectofGambusiaonpredaceousinsectsisto
increasetheirefficacyasmosquitopredatorsbyreducingthe
abundanceofalternativeprey

PastworkhasshownhoweverthatGambusiaalsoreduces
theabundanceofpredaceousinsectsReedandHoy1970
FarleyandYounce1977andBenceinprephasshown
thatsomeofthesepredatorspeciesreducemosquitosurvival

PREDACEOUSINSECTSREMOVED

Block

5

6
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8

1p5
025p05
025p05
01p025
5p9

PredaceousInsectsNotRemoved

Gambusia
Present

72

81

84

61

ns FG13 017

p75

Fblocks33 105

025p05

8

30

Gambusia
Absent

78

90

75

50

49
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Inadditionbyreducingthefoodsupplyofthesepre
daceousinsectsGambusiamaydecreasetheirsurvivalgrowth
andreproductionwhilecausingincreasedcannibalismand
mutualpredationamongthesepredators Theseeffects

reducetheefficacyofpredaceousinsectsascontrolagentsfor
mosquitoes

Cambusiasowneffectsonmosquitoesprobablyarein
fluencedbytheabundanceandsizedistributionofalternative
preysuchaszooplankton Furthermoreitseemsthat
Gambusiaontheonehandincreasestheefficacyofpre
daceousinsectsbyreducingalternativepreybutonthe
otherhandreducestheirefficacybydirectpredationonthe
smallerinstarsBenceandMurdochinreviewandbyreducing
theirpopulationdensityviareductionofthecommonfood
supplyzooplankton Optimizingthecombinationof
residentpredaceousinsectsandGambusiaisnotaneasy
problem Theresultsalsosuggestthateffectsoffishand
possiblyofinsecticidescombinedwithfishonnontarget
organismsmaynotalwaysbedetrimentaltomosquitocontrol
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INTRODUCTIONGambusiaaffinisthemosquitofish
preysuponmanypredaceousinvertebratesandcansometimes
reducetheabundanceoftheseinvertebratesincludingthatof
NotonectaHoyetal1972FarleyandYounce1977Since
Notonectathebackswimmingbugisanimportantpredator
ofmosquitoesHazelrigg1974Chesson1981Murdochetal
inprepweinvestigatedthepredatoryinteractionbetween
NotonectahoffmanniandGambusiainthelaboratory

METHODSTheexperimentswereconductedineightliter
aquaria Culexpipiensquinquefasciatusand Notonecta

hoffmanniwereobtainedfromlabcultureswhileGambusia
wereeithercollectedfromthefieldorraisedinthelaboratory
asnecessaryThereweresixreplicatesinallcasesControls
withnopredatorspresentwereconductedforallexperi
ments

ForGambusiapredationexperimentsthreeGambusiaof
theappropriatesizewereintroducedatleastfivedayspriorto
theexperimentandwerenotfedduringthe24hourspre
cedinganexperiment

EachinstarofNotonectawasexposedseparatelyin
groupsof40forinstars1I1Iandgroupsof10forinstarsIV
andVfortwohourstolarge40mmmedium2733
mmsmall1723mmandverysmall10mmGambusia
Onlyreasonableexperimentswereperformedforinstance
mediumsizedGambusiacouldnoteatNotonectainstarIV

andexperimentsusingmediumGambusiaandNotonecta
instarVwerethereforenotperformedAllfoursizeclassesof
Gambusiawerealsopresentedwith10Nhoffmannieggsona
galvanizedsteelWireforatleast4days

LargeandmediumsizedGambusiawereexposedto
mixturesofequalnumbersofeachNotonectainstarthatthey
couldconsumefor10or20minutesrespectivelytodeter
minetheirpreferredinstar

GAMBUSIAASAPREDATORUPONNOTONECTA

LABORATORYEXPERIMENTS

JamesRBenceandWilliamWMurdoch

DepartmentofBiologicalSciences
UniversityofCaliforniaSantaBarbaraCalifornia93106

ABSTRACT

PredationbyGambusiauponNotonectahasbeensuggestedasa
causeofresurgencesinmosquitonumberswhichhavesometimes
followedtheintroductionofGambusiaWehaveconductedlaboratory

experimentsthatshowthatGambusiaaffinisisavoraciouspredator
upontheearlyinstarsofNotonectahoffmanniAllsizesoffishthat
canconsumemorethatoneinstarpreferthefirstinstarAdditional
experimentshaveshownthatGambusiawillstillconsumeNotonecta
evenwhenthemosquitoCulexpipiensquinquefasciatusispresentasan
alternativepreyThenumberofNotonectaconsumeddependsupon
theabundanceofthealternativeprey
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MediumandlargeGambusiawerepresentedwithamixture
of10oftheirmostpreferredNotonectainstarinstarIplus
either60or12034mmCpquinquefasciatusAfter5or
30minutesforlargeandmediumsizedGambusiarespectively
theNotonectawerecountedtheGambusiaandNotonecta
removedandtheentirecontentsoftheaquariawerestrained
through250micronNitexnettingandpreservedin95
ethanol

Experiments investigatingNotonecta predationupon
GambusiawereperformedinthesameaquariaTheNoto
nectawerestarvedfor48hourspriortotheadditionofvery
smallGambusia AsingleNotonectaofinstarIVVorVI
adultwasusedineachaquariumTheGambusiawereleft
for64hoursaftertheiradditionwithoccasionalobservations

RESULTSNoevidencewasfoundofGaffinispredation
uponNhoffmannieggs LikewisenoevidencethatN

hoffmannipreyuponGaffinisfrywasseen
Gambusiaaffinisisavoraciouspredatoruponsmaller

instarsofNotonectahoffmanniTable1 Consumption
ratesforallsizesofGambusiathatfeduponmorethanoneN
hoffmanniinstarweregreaterforsmallerinstarsForany
particularNhoffmanniinstarlargerfishconsumedsnore
duringatwohourperiod

LargeGaffiniscouldconsumeNotonectainstar1IV
andshowedapreferencebyconsumingmoreofthistype
whengivenequalnumbersforinstarIinsixourofsixcases
FIG1 MediumsizedGaffiniscouldconsumeinstars
1andIIandalsopreferredinstarIinallsixreplicatesFIG1

TherateatwhichGaffinisconsumesinstarINhoffmanni
dependsupontheabundanceofmosquitolarvaepresent
MoreNotonectawereconsumedwhenfewermosquitolarvae
werepresent40 03and72 10versus10 26and50

09formediumsizedandlargeGambusiarespectively
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Table1MeannumberofNotonectaremainingaftertwohoursofexposuretodifferentsizeclassesofGambusiaNotethatinitialnumberswere
40forNotonectainstarsIIIIand10forinstarsIVandVValuesarcgivenplusorminusstandarderrors
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Figure1ThemeannumberofeachNotonectainstareatenbylarge
andmediumsizedGambusiawhenpresentedwithequalnumbersofin
stars1IVorIandIIrespectivelyTheverticalbarsindicate1SE

Thischangeappearstobegreaterthantheproportionate
changeinrelativeabundancesofthetwopreyspecies

Wetestedthisbycalculatingthepreferencestatisticai
usingtheformula

R k R

ai In
N 1E In N Chesson1978

whereRiisthenumberofsurvivingpreyNitheinitialnumber
ofpreyandkthenumberofdifferentpreytypesThisform
correctsfordifferencesinrelativeabundanceandisappro
priateforcaseslikeoursinwhichpreyaredepletedduring
anexperimentThesumoftheaivaluesis1equalvalues
1kindicatenodeviationfromrandomselectionValuesof
ai 1kindicatepreferenceforspeciesiSinceinthetwo
preycaseaiisapproximatelynormallydistributedANOVA
wasusedtoanalyzethedata
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Figure2ThemeanpreferenceaforNotonectainstarIoflarge
andmediumsizedGambusiapresentedwith10NotonectainstarIand
either60or120CulexpipiensquinquefasciatusTheverticalbars
indicate1SE

ThepreferenceofGambusiaforNotonectadiddepend
upontheabundanceofmosquitolarvaeandmayalsodepend
uponthesizeoffishTheresultsFIG2showadecreasein
preferenceforNotonectainstarIwhenthenumberofmos
quitolarvaewasdoubledwhilethenumberofNotonecta
washeldconstantp 002Atbothrelativedensitiesthe
largefishappearedtohaveahigherpreferenceforNotonecta
thanthemediumsizedfishFIG2althoughthedifference
isnotquitesignificantp 06

DISCUSSIONGambusiamaybeanimportantpredator
oftheearlyinstarsofNotonectaHoweverwithinabouttwo
weeksattypicalsummertemperaturesFox1973Notonecta
reachesasizeinstarsI1Iatwhichtheriskofpredationby
GambusiaislowandeventuallyinstarIVbecomesessenti
allyinvulnerabletopredationThustheamountofpredation
byGambusiauponaNotonectapopulationwilldependonthe
densityoflargerGambusiaduringperiodswhenearlyinstar
Notonectaarepresent



Ifalternativepreyincludingmosquitoesarereadilyavail
ablewhenLargeGambusiaareabundantNotonectamaystill
notbepreyeduponstrbnglyGambusiaschangingpreference
inrelationtorelativepreyabundanceindicatesthatthey
sometimesswitchinthesenseofMurdoch1969andthis
behaviormayfurtherreducepredationonNotonectawhen
otherpreyareabundant

Predaceousinsectabundancetheirsizedistributionandthe
abundanceofalternativepreyallchangerapidlyintemporary
waterssuchasricefieldsearlyintheseasonOurresults
thereforesuggestthatthetimingofGambusiastockingin
temporarywatermaybeanimportantfactorthatdetermines
whetheramosquitoresurgenceoccurs

ACKNOWLEDGEMENTSThisstudywasfundedinpart
bygrantsfromtheUniversityofCaliforniasspecialmosquito
researchfunds

1Fairlyrecentlaboratoryexperimentationandfieldobserva
tionshavedemonstratedthatthetypicalbreedingseasonfor
mosquitofishpopulationsofnorthernCaliforniacanbe
dramaticallyextendedbyrearingtheminwatersattempera
turesmaintainedconstantlywithintheoptimalbreeding
rangeofapproximately77to86F25to30CThirty
fold annual increases in fish biomass have already

achievedingeothermallyheatedwaterswherethisregimenhas
beenprovided

WearenowcooperatingwiththeKlamathVectorControl
Districtindevelopingapilotfishproductionfacilityinsouth
ernOregon Inadditiontothisgeothermalprojectweare
alsocommunicatingwithaprivatelyownedpowercompany
aboutthepotentialconversionofoneoftheirfossilfuel
facilitiestopermitharnessingofwhatisnowwastedheat
Ifthisprojectisapprovedandfundedwemaybeableto
developathermallyenhancedfishculturesystemforthe
northernSacramentoValley
2Wehavelongemployedsecondarymunicipalwastewaters
intherearingofourlocalfishbutoftenloseentirepopul
ationswheneffluentnutrientloadingbecomesexcessivewith
respecttosuddenadverseweatherandorseasonalclimatic

1SuttcrYubaMosquitoAbatementDistrictPOBox726Yuba
CityCA95992

CURRENTDEVELOPMENTINTHEENHANCEMENT
OFMOSQUITOFISHCULTURESYSTEMS

RobertLCoykendalll
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changes Wehaveappliedforandreceivedpermitsfrom
appropriateStateandlocalagenciestoconstructrearingponds
adjacenttoanexistingfacilityandweplantoutilizeits
secondaryeffluentasawaterandnutrientsourceThiswill
bebeneficialasweshouldbeabletobettermanageeffluents
yetachievehighgrowthrateswithminimalsupplemental
feedingandfertilization
3Atourownheadquarterswearecurrentlyintheprocessof
designingasmallintensiveculturesystemutilizingasolar
greenhousewithwillencloselargeyetlowcostpermanent
tanks

4Finallyforthelastfewyearswehavecooperatedwiththe
aquaticweedcontrolspecialistsatUniversityofCalifornia
atDavisintheexperimentalstockingofourmosquitofish
pondswithacertainvarietyofcommoncarpthemirrorcarp
Thisfishwithitsrootingbehaviorhassignificantlyinhibited
aquaticweedandfilamentousalgalgrowthtotheextentthat
normallyrequiredchemicalapplicationstoallowfishharvests
havebeenreducedoreliminated Moreimportantlylast
yearsstudyindicatedthattherewaslittleornoobservable
predationuponourmosquitofishstocksCurrentstudiesare
beingconductedtofurtherassessanypossibleadverseeffects
andtodetermineappropriatestockingratesforthecarpin
ourmosquitofishponds
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INTRODUCTIONInmakingintegratedpestmanagement
IPMmodelsaccurateassessmentofdensitiesofpestsand
naturalenemiesintheirecosystemsmustbeobtainedCapture
recapturemethodsprovideameansofestimatingthedensity
ofpopulationsandarealsousefulinunderstandingthedisper
salbehaviorofthespeciesbeingstudied

Markingmethodsusedofaveragesizedfishessuchas
taggingfinclippingbrandinginjectionimmersionfeeding
daubingandtatooingaregreatlylimitedwithmosquitofish
becauseoftheirsmallsizeOGradyandHoy1972success
fullyusedfluorescentdyeRhodamineBtomarkmosquito
fishforshorttimepopulationstudiesApreliminarystudy
ofmassmarkingofmosquitofishbyusingfluorescentpoly
styrenepigmentforcedintothedermaltissuewithcompressed
airwasreportedbyVondraceketal1980

In1981attheFresnolaboratorywebeganinvestigating
thefeasibilityofmassmarkingmosquitofishwithpolystyrene
pigmentstouseinstudyingabouttheirdispersaland
populationdynamics

METHODSANDMATERIALSMosquitofishusedforthis
studywerecollectedfromKodasricefieldnumberfour
Theyweremaintainedinametaltankatawatertemperature
ofca22C16L8Dphotoperiodand60satdissolved02
DetailedmarkingproceduresusedwerereportedbyStewart
andMiura1982butinbrieffishweremarkedbyspraying
themwithredfluorescentpigmentunderhighpressure175
psifor10secondsthenimmediatelywashedwithwaterand
returnedtoaholdingtankcontainingtreatedwater2ppm
KMnO4and500ppmNaCIandheldforseveraldays
beforerelease

Aviewingboxequippedwithaglassaquariumandblack
lightwasconstructedandusedfordetectingmarkedfishin
fields

Thenorthendofasinglepaddyca1acresizeofKodas
ricefieldnumberfourwasusedforthisstudyPriortore
leasetheweirboxesinflowandoutflowwerescreenedto

APPLICATIONOFACAPTURERECAPTUREMETHOD

FORESTIMATINGDENSITIESOFMOSQUITOFISH
POPULATIONINRICEFIELDS

TakeshiMiuraRichardJStewartandRichardMTakahashi

MosquitoControlResearchLaboratory
UniversityofCalifornia5544AirTerminalDrive

FresnoCA93727

ABSTRACT

Asimplemcthodtoestimateabsolutedensityofmosquitofish
populationinricefieldswasdescribedItisstillatapreliminarystage
butthismethodallowsustopredictabsoluteabundancefromrelative
abundancedataaveragenumbermosquitofishcapturodtrap

preventfishmovementintoandoutofthepaddyEight
hundredmarkedfishwerereleasedonJuly271981The
paddywasarbitrarilydividedintofivesectionsandfivemin
nowtrapswererandomlysetineachsectionandleftfor24h
Allcapturedfishwereexaminedundertheblacklightforthe
redmarkingandthenreleasedinthesamesectionwherethey
werecaptured Numbersofmarkedandunmarkedfish

capturedforeachsectionweretabulated
Absolutepopulationsizeateachtrappingtimewas

calculatedbyusingtheLincolnIndexSouthwood1978

N
MxC

whereN thepopulationsizeinthestudyareaM total

numbermarkedfishreleasedC totalnumberfishcaptured
m totalnumbermarkfishrecaptured

RESULTSANDDISCUSSIONTable1showsresultsof

thecapturerecapturestudyTheaveragenumbermosquitofish
recapturedwasca4ofthetotalnumbercapturedday3
wasanexceptionas17ofthemarkedfishwererecaptured
indicatingthatthemarkedfishhadnotyetdispersedinthe
paddyTheestimateofabsolutepopulationusingtheLincoln
Indexandrelativeabundanceoffishinthepaddyarealso
showninTable1

Therelationshipbetweenthetwovariablesabsoluteand
relativeabundancesisshownInFigure1ThereIsasignifi
cantpositivecorrelationbetweenthevariablesr 09446
ieastheabsolutepopulationdensityofmosquitofish
increasesthenumberfishcollectedtrapalsoIncreasesIn
ordertopredictabsolutedensityofpopulationfromtrapdata
averagenumberfishcollectedtrapthecollectiondatawere
analyzedusingregressionanalysisFigure1andalinear
regressionequationwascalculatedasYi 083 00011Xi

withSEofintercept 289Byusingthisequationitis
easytoestimateabsolutedensityofmosquitofishfromany



TABLE1 Absolutepopulationestimationofmosquitofishbythecapturere

capturemethod

Dayof Nofish Nomarked

capture trap fish

Numbersinparenthesisare captured

Nounmarked
fish

Estimatednob
fishacre

3 732 31170x 152 4722

15 1520 19 50 361 16000

17 2756 23 33 666 23967

18 2336 25 45 559 18688

21 1332 18 54 315 14800

25 2452 23 38 590 21321

30 2192 20 36 528 21920

a800markedfishavg34 cmforklengthwerereleasedonJuly271981

b Nofishacre totalnomarkedfishreleasedxtotalnofishcaptured
totalnomarkedfishcaptured

TABLE2 Estimatednumbersofmosquitofishforsmallcollections 15fish

trap

Nofish Nofish Nofish Nofish Nofish Nofish

trap acre ha trap acre ha

01 91 225 4 3312 8181

2 182 450 5 3980 9831

3 273 674 6 4889 12076

4 364 899 7 5898 14568

5 454 1121 8 6896 17033

6 545 1346 9 7805 19278

7 636 1571 10 8714 21524

8 727 1796 11 9622 23766

9 818 2020 12 10532 26014

10 909 2245 13 11441 28259

20 1688 4169 14 12350 30504

30 2500 6175 15 12882 31818

a2regressionlinesY 083 00011XandY 0001Xweredrawnand

valuesofXswereadjustedbygraphically
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Figure1ScatterdiagramfordatainTable1andaregressionline
ofrelativeabundanceonabsoluteabundancenofishacre
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Figure2Populationdynamicsofmosquitofishinricefieldsin
1980Initially600700mosquitofishwerestockedperacreinMay

trapdatumHowevertheregressionlinedidnotintercept
attheoriginifthetwovariablesaredirectlyproportional
thelineshouldinterceptattheoriginspecialtablevalues
forsmallertrapcollections15trapwerecalculatedto
snakebetterestimationsofabsolutepopulationsizesandare
showninTable2

InordertotestapplicabilityofthismethodtheKodas
1980fieldcollectiondataweretransformedintoabsolute

abundanceandareshowninFigure2Initiallyca600700
mosquitofishacrewerestockedinthisfieldinearlyMayby
theFresnoWestsideMAD BylateJunethepopulation
densityhadgrowntothe10000levelandattheendof
August17weekspoststockingitreachedalmost100000
fishacre MosquitofisharewellestablishedintheFresno
Westsidericegrowingareainanadjacentunstockedfieldcon
tainingonlyanindigenouspopulationofmosquitofishca
10000fishacrewereestimatedattheendofAugust

Ourrelativeabundancedataof19801981andthoseof

ReedandBryant1975arealsotransformedintotheabsolute

POSTSTOCKINGWSW
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Figure3Comparisonofthreeyearspopulationdynamicsofmos
quitofishinFresnoCountyricefieldsinitialstocking 600700fish

acre
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Figure4Schematicdiagramofthepaddyusedtostudyacapture
recapturemethodshowingphysicalconditionanddistributionof
mosquitofishArrowsindicategeneralwatermovement

abundanceandshowninFigure3Theestimatednumbersfor
eachdatumaresurprisinglyinagoodagreementwitheach
other

Thismethodisofvalueinunderstandingthedispersaland
spacialdistributionbehaviorofmosquitofishinricefields
Figure4illustratesphysicalcharacteristicsofthepaddyand
thedistributionoffishwithin About48offishwere

aggregatedindeepareaswherericestandsarescantwhilethe
trapsintheshallowwateranddensericestandsSectionCand
Dcontainedfewerfish Directionalflowofwaterinthe

paddyprobablydoesnoteffectthefishdistributioncaequal
numberoffishwerepresentinsectionsA BandD E

Thosefindingsaregenerallyinagreementwiththeresults
reportedbyReedandBryant1972NorlandandBowman
1976andMiuraetal1979

Insummaryitisstillatapreliminarystudybutthemain
pointtoshowisthatevenrelativeabundancedatacanbeused
toestimateabsolutedensitybyusingthismethod
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APRELIMINARYREPORTONTHEUSEOFMOSQUITOFISH
TOCONTROLMOSQUITOESINANURBANSTORMDRAINSYSTEM

INTRODUCTIONUndergroundstormdrainsystemshave
beenconstructedinmosturbanareasofCaliforniaasameans

fortransferringrunoffwaterfromcitystreetstoimpound
mentbasinsForvariousreasonsthedesignofmanystorm
drainlinesissuchthatsomewateristrappedwithintheunder
groundsystem Theseundergroundareasarecapableof
producinglargenumbersofCulexquinquefasciatusSaywhich
aredifficulttocontrolbecauseoftheverylimitedaccessto
themosquitobreedingareasHazelriggandPelsue1980
MulliganandSchaefer1982

MulliganandSchaefer1982describedaneffective
methodofphysicallypreventingaccessofthemosquitoto
theundergroundsystem Withthelimitationsofchemical

controlmethodsinstormdrainsthereisaneedforfurther
studyinphysicalandbiologicalcontrolstrategies The

followingisapreliminaryreportontheuseofmosquitofish
Gambusiaaffinistocontrolmosquitoesinstormdrains

MATERIALSANDMETHODSTheJacksonstormdrain

linewasselectedforstudyLocatedapproximatelyonemile
eastofthe7thStreetlinestudiedbyMulliganandSchaefer
19811982itiscomposedof325milesofvarioussized
laterallineswhichconnecttoa175milelong54inchdia
metertrunklineThetrunklineemptiesthroughanoutflow
structureintoapondingbasinlocatedattheFresnoDistrict
FairGrounds

DavidGFarleyandJamesRCaton

FresnoMosquitoAbatementDistrict
POBox2FresnoCalifornia93707
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VondracekBWAWurtsbaughandJTCcckJr1980Mass
markingofmosquitofishPreliminaryresultsProcCalifMosq
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Thetrunklineisdesignedasazerogradelinemeaning
itisconstructedwithessentiallynonetdifferenceinelevation
betweentheoriginofthelineanditsterminationattheout
flowstructure Duetoconstructionproblemshowever
thelineiscomposedofsectionswitheitherslightlypositive
ornegativeslopes Thereisaverticaldisplacementofthe
lineinamanholechamberapproximately06milesupstream
fromtheoutflowstructureTheoutletlineisapproximately
onefoothigherthantheinletlinewhichresultsinwater
backingupintheupper115mileoftrunkline

Tenpoundsofunsortedmosquitofishwerestockedinto
theupperonehalfmileofthetrunklineonJune51981
Thefishweredividedequallyamongfourmanholechambers
14onfigure1Approximatelyfivepoundsofmosquitofish
werestockedinlaterallinesmanholechambers59onJune
231982Allfishwereobtainedfromlocalsources

Theoccurrenceoffishinunstockedportionsoftheline
wasdeterminedbyremovingthemanholecoverandvisually
inspectingthemanholechamberThefishwerethencaptured
bydipnetandtakentothelabfordissectiontodetermine
gutcontentsandreproductivestatus

MiniatureCDCtypelighttrapswereplacedinmanhole
chambers101107and08milesupstreamfromtheout
flowstructureThetrapswereloadedwithapproximately
2lbsofdryiceandoperatedovernightforonetofivenights
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1FishstockedinJacksonLineJune51981

2FishfoundthroughoutJacksonLineJuly151981
3TrcatmcntswithMalathionbyMistblowerAugust15 281980

TreatmentwithCythionbyColdfoggerSeptember121980
4PhysicalcontroldevicesinstalledbyUCMosquitoResearchLab

July27281981

Figure2CDCtypelighttrapcountsfortheJacksonand7thStreet
stormdramlines

permonthbypersonneloftheUCMosquitoResearchLab
inFresnowhoalsoprovidedthe1980mosquitodataforthe
Jacksonlineandthe1980and1981dataforthe7thStreet

line

RESULTSANDDISCUSSIONMosquitofishsurvivedthe
nearlylightlessconditionsinthestormdrainthroughoutthe
summerandestablishedthemselvesthroughoutthetrunk
linewithinsixweeksofstockingWiththeestablishmentof
thefishthelighttrapcountsofadultCulexquinquefasciatus
Saybeganadramaticdeclinefigure2Acomparisonoftrap
countsbetween1980and1981intheJacksonlineshowsthat

theJune1981countswereinthesamerangeastheJulyand
August1980counts Themosquitofishwerestockedup
streamfromthesectionoflinemonitoredbylighttrapsbut
hadmigratedintothelighttrapareabyJuly Thelight
trapcountsdroppedfromameanof2148mosquitoesper
trapnightinJunetoameanof283mosquitoespertrapnight
inJulyThecountscontinuedtodropthroughtheendof
thestudyinOctoberBycontrastthe1981mosquitocounts
inthe7thstreetlineremainedatapproximately1980rates
throughJulyandthenbegantodropinAugustafterthe
physicalcontrolbarrierswereinstalled

Thephysicalconditionofthefishinthestockingarea
begantodeclineseveralweeksafterstockingTheemaciated
conditionwasprobablyduetostarvationcausedbyover
stockingandsubsequentoverutilizationofenvironment
Fishwhichhadmigrateddownstreamwereinmarkedlybetter
conditionthesmallernumbersutilizingtheenvironment
moreconservatively

Gutsamplesindicatedthatinadditionthemosquitolarvae
thefishwerepreyingonsnailscopepodsannelidspsychodids
andmiscellaneousterrestrialinvertebrateswhichwerewashed
intothelineAstheseasonprogressedthefishbecamemore
dependentonterrestrialorganismsastheaquaticfaunawere
decimated

Femalemosquitofishcontainedeyedeggstageswhen
sampledtwoweeksafterstockingandfrywerefoundinthe
lineuptosixweeksafterstockingHoweveraftersixweeks
nofurtherevidenceofreproductionwasfound Females

caughtaftersixweekscontainednodevelopingembryos
indicatingthatnomatingwastakingplaceinthestormdrains

Thoughtheseresultsarepreliminaryandcircumstantial
insomecaseswefeelthattheuseofmosquitofishtocontrol
mosquitoesinstormdrainsholdsgreatpromisebecausethey
survivedinthestormdrainforatleastfourmonthsthey
feduponmosquitoesandtheysurvivedonalternateprey
asthenumberofmosquitolarvaewasreduced
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STUDIESONTHERELATIONSHIPOFMOSQUITOBREEDINGON

RICEFIELDSANDTHEUSEOFSEWAGEEFFLUENTFORIRRIGATION

CHSchaeferTMiuraRJStewartandRMTakahashi

INTRODUCTIONThebreedingofCulexsppmosquitoes
inthewaterofsewageanddairywasteholdingpondsiswell
knownandconstitutesaseriousprobleminCentralCalifornia
Thebreedingpotentialinsuchhabitatscanbeadequately
reducedbymaintainingsteepbankscontrollingemerged
vegetationandinthosepondsnothighlypollutedwith
organicdebrisbystockingwithmosquitofishInsuchponds
ifthebanksteepnessdeterioratesandshallowwaterareas
resultthereisarapidgrowthofweedsandsuchconditions
provideoptimumbreedingsourcesforCulexmosquitoes
thisnecessitatestheapplicationofchemicalsandoveralong
periodoftimehasledtothedevelopmentofintenseinsect
icideresistanceintheSanJoaquinValley

DuringthepastthreeyearstheMosquitoControlResearch
LaboratoryhascontractedwiththeUSEnvironmental
ProtectionAgencythroughTexasA MUniversityto
studythemosquitobreedingprobleminCaliforniaricefields
Themainobjectiveofthisresearchistodeterminetheimpact
ofriceculturepracticesonmosquitobreedingStudyfields
havebeenselectedinFresnoKernandMercedCounties
theextentofmosquitobreedingwasmeasuredbyquantitative
samplingprocedures OnricefieldsinFresnoandKern

Countieswhich1areirrigatedwithcanalWater2on
whichweedsarecontrolledand3whicharestockedwith
mosquitofishmosquitobreedinggenerallyaveragesLess
than01larvaepluspupaeperdippersampleChemical
controlisgenerallynotrequiredonsuchfieldsDuring1980
aricefieldinMercedCountywhichwasirrigatedwitha
mixtureofcanalwaterandsewageeffluentproducedlarge
populationsofCulextarsalisaverage34larvae pupaeper
dipsampleThelevelofmosquitoproductionwasca30X
greaterthanforfieldssimultaneouslybeingmonitoredbut
whereonlyfreshirrigationwaterwasused During1980
approximately500acresofricewasgrownonfieldsowned

UniversityofCalifornia
MosquitoControlResearchLaboratory

5544AirTerminalDrive

FresnoCalifornia93727

ABSTRACT

TheuseofsewageeffluentforirrigatingricefieldsintheSan
JoaquinValleyresultsintheproductionofhighpopulationsofCulex
tarsalisThesepopulationscannotbecontrolledeffectivelybyexisting
technologyandnoimprovedmethodsappeartobeforthcoming
Thereforealllegalrecoursesshouldbeusedbypublicagenciestoelimin
atethepracticeofdischargingsewageeffluentontoSanJoaquinValley
ricefields
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bytheCityofBakersfieldandleasedtoafarmerwhichwere
irrigatedwithwatercontainingsewageeffluent Large
numbersofCulextarsalisaswellaslowernumbersofCulex

quinquefasciatuswereproducedcontroleffortsbytheKern
MosquitoAbatementDistrictdidnotachievesatisfactory
resultsThesedifficultieswerecausedbythepresenceofa
heavyalgalgrowthwhichpreventedspraypenetrationand
whichrestrictedtheeffectivepredationbymosquitofishand
becauseofinsecticideresistanceinthemosquitopopulations
During1981researchstudieswereinitiatedtodefinethe
relationshipbetweenmosquitobreedinginricefieldsandthe
useofsewagedischargesintheirrigationwater

MATERIALSANDMETHODSTwoareaswereselected
forresearchstudiesduring19811ariceproducingarea
ofFresnoCountylocatednorthwestofFirebaughwherethis
crophasbeenconsistentlygrownformanyyearsandwhere
managementpracticesarerepresentativeofthosegenerally
usedintheSanJoaquinValleyuseofcanalwaterand
stockingwithmosquitofishand2ricefieldsonproperties
oftheCityofBakersfieldbeingfarmedbyagrowerwho
usesamixtureoftreatedsewageeffluentandfreshwater
thelatterfieldswerealsostockedwithmosquitofish

Ineachareaonefieldwasselectedforintensivemonitoring
throughoutthericeirrigationseasonInFresnoCountya
20acrefieldKodaricefieldNo4wasselectedasbeing
representativeofthemanagementpracticesusuallyemployed
InKernCountya40acrefieldGaronericefieldNo5
whichwasbeingirrigatedwithwatercontainingsewage
effluentwasselectedforcomparisonthisfieldwasdivided
byanorthsouthborderintotwosubpartswhichwere
designated5Eeastportionand5Wwestportionandthese
wereapproximately20acreseach

Oneachfieldmosquitoimmaturesandmembersofthe



Date Field Immature

1981 I II III IV

77 5West 21 18 13
5East 8 48 16

721 5West 0 4 3
5East 0 1 0

818 5West 0 9 8
5East 17 24 8

91 5West 0 0 0
5East 0 0 0

99 5West 0 3 7
5East 0 1 18

Total
no

No Meannodip
dips

0 0 17 17 1000
6 0 45 18 2500

0 0 0 23 0000
0 0 0 20 0000

5 1 16 39 0410
2 0 20 16 1312
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predatorcomplexweresampledbiweekly Thesampling
wasalternatedsothatonefieldwassampledduringagiven
weekandtheotherontheconsecutiveweekMosquitoim
matureswerecollectedbystandarizeddippingprocedures
alongdefinedtransectsandthepredatorsbydippingtrapping
andbyareasamplingSamplesofmosquitolarvaecollectedin
thefieldwerealsotakentotheFresnoLaboratorytoconfirm
speciesidentification

ThesamplingplanattheGaronericefieldareahadtobe

TABLE1 NumbersofimmatureCulextarsaliscollectedfromGaronerice

fieldno 5during1981

a Lessthan40samplesindicatesthatpartofthefieldwasdry

TABLE3 NumbersofimmatureCulextarsaliscollectedfromKoda

ricefieldno4during1981

Date Immaturestage
1981 I II III IV P

630

714

728

811

825

5 4 5

0 0 0

0 0 0

0 2 0

0 0 0

1 1

1 0

0 1

0 0

0 0

modifiedasthegrowershiftedtothepracticeofintermittent
irrigationwhichwasnotanticipatedTheirrigationpractice
heusedwastofloodfor1014daysfollowedbyadryingcycle
ofcasevendaysSinceGaronericefieldNo5wasdryon
someoftheplannedsamplingintervalsotherricefieldsinthe
sameareaandbeingmanagedinthesamegeneralpattern
werealsosampledforimmaturemosquitoestheseincluded
fieldsNo74AandNo78A

Inadditionanattemptwasmadetocheckwithmosquito

Total No
no dips

16 52

1 52

1 52

2 52

0 52

Meannodip

031

002

002

004

000
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abatementagenciesto1findothersituationswhere
irrigationwatercontainingsewageeffluentwasbeingplaced
onriceand2tocomparemosquitoproductiononthe
Garonericefieldswiththatofotherricefieldsinthesame

generalareawhereonlyfreshwaterwasbeingusedfor
irrigation

oo 000o RESULTSANDDISCUSSIONThenumbersofimmature
0N CulextarsalisproducedontheGaronericefieldNo5during

ri oio 1981areshowninTable1Theserepresentveryhighlevelsof
breedingnotesomemosquitoabatementdistrictstreatwhen
theimmaturepopulationdensityreachesameanof01per
dippersampleOntwosamplingdates721and91the

o numberswerelowerbutthiswasduetothefactthatthewaterb

y hadrecentlybeenappliedtothefieldnotethatonlyearly
0 oOo0o 3 stageimmatureswerepresentonthesedatesAsaresultof

NNNNCO theintermittentirrigationthemosquitofishpopulationswere
r4 killedduringthedryingphaseyetthewaterstillpersistedlong
w enoughtoallowalargenumberoftheimmaturemosquitoes

whichwerepresenttocompletetheirlifecycle

N
On8581theGaronericefieldNo5wasdrysosampling

NN wasconductedonGaronericefields74Aand78ATable2

o showsthenumberspresentonthatdateThewateronfield
78Awasmuchmorerecentasshownbythepresenceof
smallerstageimmaturesbuttheextentofbreedingrepresents
anintolerablelevel

N 0000O G
A ForcomparisonthenumbersofimmatureCulextarsalis

producedontheKodaricefieldNo4areshowninTable3it

0 0000o 0
wasonlyduringtheearlyseason630priortothebuildup
ofthepredatorpopulationthatasignificantbreedingproblem

co existedSuchresultsaresimilartopreviousfindingsinKern
CountySchaeferetal1981

CV ooNoN
11 Comparisonsoftheaquaticorganismsoccurringonthese
43 ricefieldsasdeterminedbythreeseparatesamplingmethods
a aregiveninTables45and6Mosquitofisharemostef
a fectivelycollectedbytrappingTable5andtheirseasonal

CO
oO0MM 4 buildupattheKodaricefieldNo4followingasingle

stockingisclearlyshownincontrastmultiplestockingsof
41 mosquitofishathighdensitiesonGaronericefieldNo5didco
a notallowaseasonalbuildupofthepopulationbecauseofthe

M o0oaoco
r4rr CO dryingcyclewhichkilledthemTheareasamplescomprise

thewatercolumnandtheuppermudlayerandshowthat
0 muchlargernumbersofmidgesdevelopedonGaronerice
os

vi fieldNo5thanatKodaricefieldNo4Thesemidgescreate

o apublicnuisanceproblembuttheyarenotdiseasevectors
daoUA N a Figure1givesaseasonalcomparisonofthepopulationsof

g immaturemosquitoesandofmosquitofishonGaronericefield
No5andKodaricefieldNo4

ThebreedinglevelsontheGaronericefieldsweresuchthat
co
co frequentaerialapplicationsagainstbothlarvaeandadultswere

CIS 4
r4

i z madebytheKernMADthisamountedtotreatingacumula11 ao
o r 0

Al tivetotalof5710acresSincetherewere1100acresofrice
41 13

therequiredtreatmentswere519Onlypartialcontrolwas
obtainedandadditionalinsecticidetreatmentsbyground
equipmentwerealsomadeYoshimura1981

AnotherfarmerinanareaadjacenttotheGaronericefields
grew634acresofricebutusedonlycanalwaterforirrigation
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Thesefieldswerealsostockedwithmosquitofish Some

insecticideapplicationsbytheKernMADwererequiredprior
tothetimethatthemosquitofishpopulationsbecameestab
lishedandwherebermudagrassgrewonthebordersOnly
156ofthetotalricearearequiredchemicaltreatments
Yoshimura1981

During1981welearnedthata640acreblockofricein
KingsCountywasbeingirrigatedwithcanalwaterintowhich
sewageeffluenthadbeendischarged TheKingsMAD
informedusthatthiswastheirworstsourceofbreedingof
Culextarsalisandthatbreedinginfieldsirrigatedwithwater
containingsewageeffluentwasmuchgreaterthanonother
ricefieldsinthatareawhereonlyfreshwaterwasused
Dawson1981ZaimandNewson1980describedtheef
fectsofwatercontainingsewageeffluentonthemosquito
breedingproblem theysummarizedObservationstothis
timeclearlyindicatethatthedisposalofsewageeffluentby
sprayirrigationcreatesadiversityofexcellentmosquito
breedinghabitatsandtheresultingincreasesinthepopula
tionsandspeciesdiversitiesenchancethepotentialforpest
anddiseasetransmissionproblemsinthevicinityofthisand
othersimilarsewagedisposalprojects Plannersdesigners
andoperatorsofthesetypesofsewagedisposalsystemsneed
tobefullyawareofthepotentialproblemsinherentinthese
typesofsewagedisposalsystemsinorderthattheycanin
corporateappropriatesafeguardsintheirdesignandopera
tionsOtherwisethewidespreadadoptionofsewagedisposal
bylandirrigationmayresolveimmediateproblemsbutcreate
newhealthhazardsforthecommunitiesinwhichtheyare
located

CONCLUSIONCulextarsalisproductiononricefields
whichwereirrigatedwithwatercontainingsewageeffluent
andwereeitherfloodedcontinuouslyegMercedandKern
Countiesduring1980andinKingsCountyduring1981or
wereintermittentlyfloodedegKernCountyduring1981
clearlyshowsthemassivebreedingpotentialunderthese
conditionsThispracticeresultsinnotonlyapublichealth
nuisancebutsinceCulextarsalisisthemajorvectorofboth
StLouisandwesternequineencephalitisinthisregion
andsincetheviruscausingthesediseasesisalsobeingre
portedinthesameregionthereisaveryhighriskofanout
breakofhumanencephalitisTheuseofsewageeffluenton
ricefieldspromotesalgalgrowthwhichformsmatswhich
restrictspraypenetrationandwhichlimitthemobilityand
therebytheeffectivenessofmosquitofishInadditionthe
severeproblemofinsecticideresistanceinthelocalpopula
tionsofCulextarsalismakesthemimmunetocommercially
availableinsecticidesNonewtechnologytosolvesuchapro
blemappearstobeforthcominginthenearfutureThisre
sultsinasituationwheremosquitoabatementdistrictsareun
abletocopewiththisprobleminaneffectivemannerBe
causeoftheresultinghealthhazardpotentialsewageeffluent
shouldnotbedischargedontoricefields

RECOMMENDATIONAlllegalrecoursesby public
agenciesshouldbeusedasnecessarytoeliminatethepractice
ofdischargingsewageeffluentontoricefieldsintheSan
JoaquinValleyFailuretotakesuchactionmayresultina



publichealthcatastropheofthetypethatoccurredinKern
Countyin1952thiseventresultedinnotonlylossofmany
humanlivesbutalsointhepermanentbraindamageofyoung
childrensomeofwhicharestillinstitutionalizedaspermanent
wardsoftheStateFinelyetal1967Itwouldbevery
foolishandirresponsibletopresumethatanotherepidemic
willnotoccurandcontinuetoallowhighdensitiesofthis
vectorspeciestoprevailuntilthelocalpopulationissub
jectedtoamajordiseaseoutbreak

ACKNOWLEDGEMENTThecooperationofpersonnelof
theFresnoWestsideKernandKingsMosquitoAbatement
Districtsisgratefullyacknowledged Thisresearchwas

funded inpartbyEPACooperativeAgreementNoCR
806771011andbytheKernMosquitoAbatementDistrict

MOSQUITOOCCURRENCEINWASTEWATERMARSHES
APOTENTIALNEWCOMMUNITYPROBLEM

THEWASTEWATERMARSHCONCEPTInCalifornia

thereisincreasedinterestindevelopingwastewatermarshes
asanalternativemethodforimprovingwastewatertreatment
TheStateWaterQualityControlRegulationsrequirethat
sewageeffluentmustmeetadvancedsecondaryortertiary
treatmentrequirementsbeforebeingdischargedintowatersof
thestatestreamsriversestuarineareasandbays

Wheresufficientlandisavailabletheuseofamarshfunc

tioningasalivingfiltertolowerBODandreducelevelsof
coliformandnutrientsfromwastewaterwouldcostconsider
ablylessthanaconventionalhightechnologytertiarytreat
mentfacilitywouldcostTherewouldalsobeasubstantial
reductioninenergycostbyusingamarshsystemThemarsh
systemisreceivinggreaterattentionsincefederalfundsfor
wastewatertreamentfacilitiesarebeingcurtailed

Otherbeneficialusescitedforusingthemarshsystemfor
wastewatertreatmentare1increasedacreageofwetland
habitatforwildlifeenhancementtoprovideforconservation
ofwildlife2educationalpurposesand3recreational
needs Inestuarinebrackishmarshareastheadditionof

freshwastewateraidsinloweringsalinitylevelsandimproves
thediversityofvegetationforwaterfowlfood

InCaliforniatheStateSenateResolutionSR28September

EarlWMortenson

VectorBiology ControlBranch

DeptofHealthServicesSacramentoCA95814
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DawsonDM1981Personalcommunication
FinleyKHLHFitzgeraldRWRichterNRiggsandJTShelton
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1979hascalledforanincreaseinStatewetlandsby50by
theyear2000Sheehan1980reportsthepresentacreage
ofwetlandsat500000acresandtheprojectedincrease
wouldadd250000acresin20yearsThekeylimitingfactor
intheexpansionofwetlandsisavailabilityofwaterTheState
WaterResourcesControlBoardestimatesthattheuseof
treatedmunicipalwastewatercouldsupplyabout10ofthe
demandforfuturewetlandrequirementsFromanational
viewpointEPAissuedanoticeofintentintheFederal
RegisterVol46December181981fortheproposed
disposalofwastewatertofreshwaterwetlandsineightsouth
westernstates

THEIMPACTOFWASTEWATERMARSHSYSTEMSON
MOSQUITOPRODUCTIONTheemphasisonwastewater
marshsystemscreatesnewconditionsnearmunicipalities
thatcanprovideidealhabitatsformosquitopropagation
unlessthesesystemsareproperlydesignedandmanaged
Thelocationofmunicipalsewagetreatmentplantswith
accompanyingwastewatermarshsystemsadjacenttourban
centersbringsthepossibilityofpotentialmajormosquito
sourcesofbothvectorandpestspecieswellwithinthemos
quitoeseffectiveflightrange

Essentiallythewastewatermarshsystemprovidesshallow
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CELLNO2

DEEPWATERPOND

LEGEND

HABITATS

SUBMERGEDVEGETATION

EMERGENTVEGETATION

DEEPWATERPOND

ISLANDS

EXISTINGOUTFALL1G

waterwithvarioustypesofsubmergedoremergingvegetation
habitatsidealformosquitopropagationStudiesofmosquito
occurrencebyBeadleandHarmston1958SmithandEnna
1967ofsewagestabilizationpondsintheMidwesternstates
foundmaximumproductionofCulextarsalisCoquillettand
theCulexpipienscomplexmosquitoestooccurinshallow
pondswithaheavydensityofvegetationemergentorsub
mergedaquaticplantsThesystemseffluentcanhavehigh
nutrientandorganiclevelsthatamplifytheaquaticstage
ofthemosquitolifecycle Gerhardt1959studiedthe
ovipositionpreferencesofmosquitoesinshallowwater
environmentscontainingdifferentlevelsoforganicmaterial

PLANT
r

Qp

TREATMENT

Figure1

CONCEPTUALPLAN

WASTEWATERMARSH

Heconcludedthatthefermentationprocessatthesoiiwater
Interfacecausedthereleaseofvolatileorganicacidsthat
servedasovipositionattractantsforCulexpeusCulextar
salisandAnophelesfreeborni

Basicallythewastewatermarshsystemisdesignedto
operateonayeararoundbasiswhichprovidesmaximum
opportunitiesformosquitoestoInfestthemush

Figure1showsaconceptualplanofawastewatermarsh
systemthatistypicalofwhatadvocatesofthesystemwant
toaccomplish Therearethreebasiccomponentsinthe
systemdeepwaterpondCellNo2permanentmarsh
CellNo1andseasonalmarshCellNo3



Thedeepwaterpondfunctionsasanoxidationstorage
andopenwaterwaterfowlimpoundmentMosquitoproblems
wouldprobablynotoccurinthiskindofhabitatiftheinside
leveesweresteepandfreeofheavyandoverhangingvege
tationThispondwouldbeanexcellentmethodforculturing
andmaintainingmosquitofishCambusiaaffinisthatcouldbe
usedinotherpartsofthesystemasaneffectivebiological
controlagent

Thepermanentmarshismadeupofaseriesofsmall5to
10acreplotsthatwillbepermanentlyinundatedwith1to2
feetofwastewaterSubmergedandemergentaquaticvege
tationwillbegrowntoprovidethemaximumvegetative
waterinterfaceThistypeofpermanentmarshwouldhave
highprobabilityofpropagatingmosquitoes

TheseasonalmarshCellNo3Figure1isdesignedto
befloodedwithwastewatertoadepthofaboutonefootin
theearlyspringwithrepeateddryingandrefloodingto
germinateandgrowwaterfowlfood Themarshcouldbe

dewateredinearlysummerallowedtoremaindryuntilre
floodinginSeptemberorOctobertoattractandfeed
migratorywaterfowlMosquitoproblemsofboththeCulex
andAedesgenerawouldmostlikelyoccurinthiskindof
marshoperation

In1981theVectorBiology ControlBranchofCalifornia

DepartmentofHealthServicesincooperationwiththe
ContraCostaMosquitoAbatementDistrictandMountain
ViewSanitaryDistrictconductedastudyofmosquitooccur
renceina20acrewastewatermarshsystemthatwasde
velopedbytheSanitaryDistrictin1974Bogardetal1982
Inpressindicatedmosquitolarvaeoccurredindensitiesof
85to110larvaeperdipinJunefromdensevegetationareas
inPonds1AandBTheselarvaewereallidentifiedasCulex

tarsalisOfthetotalnumberof550mosquitolarvaecollected
bythedipmethodduringthestudyperiodAprilDecember
1981825wereCulextarsalis10wereCulexerythro
thoraxtheremainderwereCulexpipiensCulexpeusand
Culisetainornata

Inmoreopenareasofthemarshpondswherelargenum
bersofmosquitofishoccurredmosquitolarvaeweredifficult
tofindDensestandsofcattailstulesandresidualplantde
brisassociatedwiththisdensevegetationprovidedanideal
waterplantinterfaceforharborageoflargenumbersofCulex
tarsalislarvaeprotectedfromfishpredators

MOSQUITOCONTROLCONCERNSMosquitocontrol
agenciesneedtoplayamajorroleintheinitialplanningand
designofprojectsthatincludewastewatermarshsystems
aspartofacommunitysewagetreatmentprocessMosquito
preventionstandardsshouldbeincorporatedintothebasic
designandoperationofawastewatermarshsystem

In1978theVectorBiologyandControlBranchinco
operationwiththeCaliforniaMosquitoandVectorControl
Associationpreparedcriteriaformosquitopreventionin
wastewaterreclamationprojectsThesecriteriawereprepared
inresponsetochangesinCaliforniawaterpollutionregulations
andtheincreasedemphasisforreuseofwastewaterThese
reuseconceptsforwastewaterhaveseriousprospectsfor
mosquitoproductionThefollowingcriteriaareusedduring
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thereviewofwaterqualitydischargerequirementsUSArmy
CorpsofEngineerspermitsandenvironmentalimpactreports
thatrelatetouseofwastewaterforwetlanddevelopment
Thecriteriaisbasedonecologicalfactsknowntoinhibit
mosquitopropagation

PermanentWaterImpoundments

Waterdepthshouldbeaminimumof4feet
Theinsideslopeofleveesshouldbeassteepaspossible
preferablynotlessthan3to1
Pondsshouldnothavesmallcovesorirregularities
aroundtheirperimeters
Topwidthofembankmentshouldbeaminimumof12
feettoaccomodatemaintenanceandinspectionvechi
cles

Accumulationsofdebrisvegetationandalgaemats
shouldberoutinelyremovedfromthewatersurface

PermanentandSeasonalShallowWaterAreas

Sitepreparationshouldincludepropergradingforrapid
dewatering
Provideareasofdeepwaterthatcanserveasmosquito
fishholdingpondsduringthedrawdownperiod
Provideproperwatercontrolstructuresweirspumps
andsiphonsforcompletewatermanagement

Inshallowwaterareasthetypeanddensityofvegeta
tioniscriticalindeterminingtheeffectivenessofmosquito
fishTomaintainfishpredationthevegetativegrowthmay
havetobeperiodicallyremovedorharvestedAnotheralter
nativeforcontrollingvegetationwouldbevaryingthedepth
ofwatertodiscouragecertainplantspecies

Theabovecriteriaformosquitopreventionaregeneralin
natureThereisanimportantneedforspecificinformationon
biologicalparametersphysicalfeaturesandoperational
standardsfordevelopingwastewatermarshes Aseriesof

demonstrationmarshesareneededtostudythebiological
andphysicalfactorsthatwouldmeettheneedsofwater
qualitywildlifeconservationandmosquitosuppression
objectives

Ifthepreventativeapproachisnotcloselyadheredto
seriousmosquitoproblemsmaydevelopinthecommunity
Ifthisoccursthemosquitocontrolagencymayhavetorely
onpesticidecontrolmeasuresataconsiderablecosttothe
municipality Sections2863and2807oftheCalifornia

HealthandSafetyCodeprovideforamechanismforthe
mosquitocontrolagencytorecapturecontrolcostsfrom
theagencyresponsibleformanagementofthewastewater
marsh

BeadleLDandHarmstonFC1958MosquitoesinSewageStabili
zationPondsintheDakotasMosquitoNows18293

GerhardtRW1959TheInfluencesofSoilFermentationonOvi
positionSiteSelectionbyMosquitoesMosquitoNows19151

Sheehan71980StateMandatedProgramtoRestoreandEnhance
CaliforniaWetlandsOutdoorCalifornia1131

SmithWLandEnnaWR1967LaboratoryandFieldInvestigations
ofMosquitoPopulationAssociatedwithOxidationLagoonsin
MissouriMosquitoNews27462
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ACOMPARISONOFSAMPLINGMETHODSFORADULT

ANOPHELESFREEBORNIAITKEN

Fivemethodswerecomparedfortheireffectiveneuin
samplingadultmosquitoeswithinorchardsinSutterCounty
California 1standardcubicfootredboxes2larger
walkinredboxes3CDC0O2lighttraps4atruck
trapand5animalbaitedtrapsWalkinredboxeswere
themosteffectiveincollectingAnfreeborniwhileCDC0O2
trapscollectedthelargestnumbersofCulextarsalisandAedes
melanimunStandardredboxesplacedatgroundlevelcol

Duringastudyofchironomidmidgesinfreshwaterlakesin
southernCaliforniaitwasobservedthatthelarvaldensityof
aquaticmidgeswasinverselyproportionaltothedensityofthe
aquaticweedEurasianwatermilfoilMyriophyllumspicatum
TheEurasianwatermilfoilisacommonnuisancespeciesfound
throughouttheUnitedStatesIntestingthehypothesisthat
thisweedwasresponsibleforthemidgereductionDhtillon
1980testedanextractoftheweedagainstfourthinstarsof
ChironumusandestablishedanLC90ratedof640ppm

SinceextractsofMyriophyllumspicatumwereeffective
againstchironomidswehypothesizedthatitmightalsobe
effectiveagainstimmaturemosquitoesOtherresearchershave
shownthataquaticplantscanreducemosquitopopulations
Angerilli1980AngerilliandBelrne1974FurlowandHays
1972ThisplantwascollectedfromSpringValleyLakein
southernCalifomiawhereitismechanicallyharvestedasa
nuisanceweedItwasairdriedinagreenhousechoppedInto
smallpiecesandstoredinafreezeruntilneededTheplant
wasextractedwithabenzenemethonalmixturedissolvedin
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lectedgreaternumbersofAnfreebornithanthoseplacedat
caoneandtwometerswhilecollectionsofCxtarsalis
weresimilarforallthreeheightstestedWalkinredboxes
placedin15yearoldorchardscollectedmoreofbothAn
freeborniandCxtarsalisthanboxesplacedInsevenyearold
orchardsAparityprofileforAnfreeborniandasummary
ofthemetabolicstatesofthevariousmosquitospeciescol
lectedbythedifferentsamplingmethodswascompiled

TOXICITYANDATTRACTANCYOFTHEHYDROPHYTE

MYRIOPHYLLUMAGAINSTMOSQUITOES

acetoneandthenstoredinarefrigeratoruntilneededfor
testing

Secondandfourthinstarmosquitolarvaewereexposedby
placing20larvaeinacupwith100mlwaterEachcupoflar
vaewassuppliedwith005gofgrounduplabchowyeast
mixtureFortyeighthoursaftertheextractwasappliedthe
percentmortalitywasrecordedOfthethreespeciestested
wefoundthatforthesecondinatartheLCS0valueswere
8ppmforAedesaegyptiL12ppmforCulextarsalis
Coquillettand28ppmforCxquinquefasciatusSayThe
fourthinatarwasmoretoleranttothematerialhavingan

LC50of85ppmforCxtarsalis96ppmforCxquinque
fasciatusand 135ppmforAeaegypti Atthese

concentrationsnodelayindevelopmentwasobserved
Thepupaeweretestedsimilarlywith20ineachcup

Howevertheywerenotgivenfoodandmortalitywasob
servedafter24hoursThepupalstagewasthemostsuscepti
blestageintheirdevelopmentshowinganLCS0of5ppm
forCxtarsaiisand6ppminbothCxquinquefasciatus



andleaegypti
Experimentswereconductedtobetterunderstandthe

natureoftheplantextractsaffectingmosquitopupaeInan
experimentthreepanswithidenticalsurfaceareawereeach
filledwith500100and1500mlofwaterOnehundred

pupaewerereleasedineachpanand150tdofplantextract
wasaddedtoeachpanAfter24hoursthepercentmortality
wasnearlyidenticalinallthreepansirrespectiveofthecon
centrationsoftheplantextractThisshowsthatthecontrol
lingfactorremainsatthewatersurfaceOtherobservations
indicatedthatthepupaemustcomeincontactwiththe
surfacefilmofthisextractbeforemortalitywouldoccur

Duringtoxicitytestsanumberofadultmosquitoes
emergingfromtestandcontrolcupswereattractedtothecups
containingMyriophyllamextractanddrownedinthem
Severalexperimentsfollowedthisinterestingobservation
Fivehundredpupaewereplacedineachofthreespearate
cagesandallowedtoemergeEachcagecontainedtwo100m1
cupsofwaterandtwo100m1cupsofwatercontainingextract
250ppmInonecagenofoodwasaddedThesecondcage
containedasugarwatersoakedwickformosquitoestofeed
onThethirdcagewhichalsocontainedaugerwaterwas
placedinaseparateroomcontainingvegetationtosupply
additionalodors Eachdaythemosquitoestrappedinthe
aqueousmixtureoftheextractwereremovedandcounted

WithCxquinquefasciatus395adultswerecollectedfrom
theplantextractincageswithoutfoodafterfourdaysOne
hundredseventeenadultswerecollectedfromthecagewith

sugarwaterand93adultsfromthecagewithsugarwaterand
plantodors SimilarresultsareobtainedwithCxtaraalis

Theseresultsseemlogicalsincetheadditionofafoodsource
wouldreducethenumberofmosquitoesgoingtotheplant
extractforfood Alsotheadditionofplantodorswould
helpmasktheodorscomingfromtheplantextractWhen
Aeaegyptiwastestedhowevertheresultsweresurprisingly
differentAfterfourdays145adultswereremovedfromthe
cagewithoutfoodFromthecagewithsugarwater91were
removedHoweverfromthecagewithsugarwaterandplant
odors178wereremovedThesametrendwasobservedin

eachofthreereplicationsTheadditionofotherplantodors
apparentlyintensifiedtheattractivefactorpresentintheMyri
ophyllumextractThenatureofthisattractancywillcontinue
tobeinvestigated
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TECHNIQUESFORAGAMBUSIAAFFINISMARKRECAPTURESTUDY

INTRODUCTIONThemosquitofishGambusiaaffinis
hasbeenwidelyusedasabiologicalcontrolagentformos
quitoeshoweverseveralaspectsofpopulationbiologyarenot
knownPopulationlevelshavegenerallybeencharacterizedin
relativeterms Thepurposeofourperformingamark
recapturestudywastodefineinquantitativetermsthe
populationlevelsofmosquitofishinricefieldsforthepurpose
ofworkingtowardanintegratedpestmanagementmodel

Inthispaperadescriptionofthemarkingprocedureswill
begivenaswellasproceduresfordetectionofmarkedin
dividualsResultsconcerningpopulationlevelsarereported
byMiuraetal1982

Markingtechniquesusedformanyfishessuchasfin
clippingtaggingandtatooingaregenerallynotappropriatefor
mosquitofishduetotheirsmallsizeMethodspreviouslyused
inmosquitofishmarkingstudiesareRhodamineBOGrady
andHoy1972TetracyclinedrugsDCAFandpolystyrene
pigmentsVondraceketal1980Basedonthepreliminary
resultsofamassmarkingstudybyVondraceketal1980
wedecidedtousesubdermalinjectionofapolystrenepig
ment

MATERIALSANDMETHODSThefishusedformarking
wereamixtureoffieldandsewerfarmrearedfishWewanted
tousefishfromthefieldinwhichweweretoreleasethe
markedindividualsbutnotenoughwereavailable

Formarkingweusedfishofmoderatesizewiththose
over40mmSLperferredBothsexeswereusedbutfemales
accountedforthelargestpartofthemarkingstocksThe
fishwereheldinthelaboratoryoneweekpriortomarking
toacclimatetoholdingconditionsandtoobservemortality
Acclimationandholdingconditionswere22 1Cand16h
light8hdarkphotoperiod

Thedyeusedwasafinepowderedfluorescentpolystyrene
pigmentinamelaminesulfonamideformaldehyderesin
WhenthepigmentisexposedtoUVlightitfluorescesbut
smallquantitiesinnormalindoorlightandsunlighthaveno
apparentcolor ThedyewaspurchasedfromScientific
MarkingMaterialsinSeattleWashington

RichardJStewartandTakeshiMiura

MosquitoControlResearchLaboratory
UniversityofCalifornia5544AirTerminalDrive

FresnoCalifornia93727

ABSTRACT

MarkinganddetectiontechniquesarepresentedforaGambusia
affintsmarkrecapturestudyThemarkingproceduredescribedIn
volvesthesubdermalinjectionofafluorescentpolystyrenepigment
Markingwasrelativelyeasyandthemarkspersistedwellbeyondthe
durationoftheflcldstudyDetectionofmarkedindividualswassimple
andallowedforrapidcountingandreturnofcapturedfish

Thegeneralmarkingtechniqueinvolvedhighpressure
subdermalinjectionofthedyeInordertoforcethedyeinto
thefishtissuesweusedasandblastgunwithhopperreservoir
ThesandblastgunandhopperweremadebySpeedaire

Thegunwasattachedtoacompressedairsourcetoprovide
thepressureforsubdermaldyeinjectionWeusedalargeair
compressorwithatwentyfivegallonstoragetankAhigh
pressuresettingwasnecessarytoachievegoodmarkingresults

Thefishtobemarkedwereplacedinsideawoodenframed
screenbox Screenonthebottomoftheboxwas116
meshplasticwindowscreenandthetopwas14meshhard
wareclothThescreenallowedpassageofexcessdyepast
thefishandkeptthemconfinedduringapplication

Sprayingtimewastensecondswiththesandblastgunten
totwelveinchesfromthefishTankpressureatthestart
ofmarkingwas175psianddroppedtoabout160palThe
actualpressureattheguntipwassignificantlylessthanthe
tankgaugeindicatedbutwasnotmeasured

Afterapplicationofthedyethefishwereimmediately
rinsedoffwithwatertoremoveexcessmaterialTenseconds

ofdyeapplicationcompletelycoatedthefishandthey
appearedsolidcoloredFollowingrinsingthefishwereplaced
inaseventyfivegallonholdingtankwithtreatedwaterThe
waterwastreatedwith2ppmpotassiumpermanganateand
500ppmsodiumchloridetopreventinfectionWaterinthe
holdingtankwasaeratedandfilteredthroughabiological
filterandchangeddailyRetreatmentwithsodiumchloride
wasmadedaily Deadfishwereremovedwhenfound

Holdingtimeafterdyeapplicationwasfourdayspriorto
fieldreleaseHealthyfishwerecountedandreleasedintoa
ricefieldforrecaptureatalatertime

Oneoftheobjectivesofourstudywastobeabletodeter
minemarkedfromunmarkedfishinthefieldandtoretum

theminaslittletimeaspossibleWeconstructedaviewing
boxwithfieldportabilityforthispurpose

Theviewingboxwasbuiltaroundafourliterglassaqua
riummeasuring6x10x7intowhichthefishwereplaced
formarkdetectionAluminumfoilwasusedtocovertheout
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Figure1FieldapparatusfordetectionofmarkedfishFarrightviewingboxwithUVlightsource
MiddleinvertertoconvertDCbatterycurrenttoACforthelightsource

sideofthreesidesoftheaquariuminordertobrightenthe
lightedareaandmakeiteasiertopickoutmarkedfishAt
alatertimewereplacedthefoilwithmirrorswhichworked
betterThelightsourcewasalongwaveblacklightBlack
RayUVL22fromUltravioletProductsFigure1showsthe
viewingboxandpowersource

Topowerthelightsourceinthefieldweusedatwelve
voltbatteryandaninvertertoprovidetheACcurrentneces
saryThesmallbatteryweusedwasabletoprovidepower
formorethanfivehours

Theprocedurefollowedinthefieldwastoremovethefish
fromthetrapsandplacetheminbuckets Uptoabout

twentyfishnettedoutofthebucketscouldbeplacedinthe
viewingaquariumatonetimeMarkdfishwereeasytopick
outfromunmarkedindividualsAssoonasonegroupwas

counteditwasreturnedtoabucketandwhencountingwas

completeforfishfromonegroupoftrapstheywerereturned
tothecaptureareaItusuallytooklessthanthreehoursto
collectandcountthefishfromtwentyfivetraps

RESULTSANDDISSCUSSIONDuringthepremarking
acclimationperiodtherewaslessthan5mortalitytothe
markingstocks Mostmortalitywasnoticedinthesmaller

fishandmales Thepostmarkingmortalitywas1020
dependingonthesizeoffishusedintheparticularmarking
batchLargerfishsurvivedbetterthansmallonesandmales
didnotsurviveaswellasfemalesMostmortalityoccurredin
thetwentyfourhourperiodaftermarkingwithaestimated
12thereafterWithaninitialmarkingstockof1100fish
over900survived

Markingsuccesswasdeterminedtobegoodwithover90
ofthesurvivingfishhavingclearlyvisablemarksInorderto
checkformarkretentiontwentyfivemarkedfishwhichwere
recapturedwerebroughtbacktothelaboratoryforobser
vation ThesefishwhichweremarkedJuly131981had
clearlyvisablemarksstillpresentonApril201982

Thetechniquesusedallowedforarapiddeterminationof
markedfromunmarkedfishinthefieldMarkingwasre
lativelyeasyandrequirednocomplicatedapparatusFish
mortalityduetomarkingwasnotexcessiveandmark
retentionwasdeterminedtobeexcellent
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controlresearchandbyEPAcooperativeagreementNoCR
806771011



72

WethankKodaFarmsIncandtheFresnoWestsideMAD

personnelfortheircooperation

REFERENCES

MiuraTRJStewartandRMTakahashi1982Applicationof
acapturerecapturemethodforestimatingdensitiesofmoaquitotlsh

populationInricefieldsProcCalifMosqVectorContAssoc
505457

CULEXTARSALISCOQUILLETTTEMPORALCHANGESINFEMALE
RELATIVEABUNDANCEREPRODUCTIVESTATUSANDSURVIVORSHIP

Temporalvariationsintherelativeabundanceandrepro
ductivestatusofafemaleCulextarsalispopulationwere
studiedinthearidSierraNevadafoothillsofKernCounty
Californiaduringthespringsummerandfallof1981Re
lativeabundancepatternsinlighttrapsandinredbox
shelterswerepositivelycorrelatedthroughoutandcovarled
positivelywithtemperatureandCxtarsalisabundanceinlight
trapsoperatedat22othersitesinruralKernCountyThe
proportionsofemptyvirginandparousfemalesremained
relativelyconstantfromMaythroughlateAugustafter
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whichtheproportionsofemptyandvirginfemalesIncreased
markedly Duringautumnthepopulationbifurcatedinto
reproductivelyinactiveandactivecomponents Release

recaptureandlaboratoryobservationsindicatedthatthe
durationofthenuWparousperiodduringthesummerwassix
daysandthegonotrophlccyclelastedfourdaysSurvivorship
ofrestingfemalesduringMayAugustwasestimatedtobe
074and087usingtwocalculationmethodsTheseestimates
wererelatedtothepotentialforarbovirustransmission



AGECHARACTERISTICSOFMIGRATINGAEDESDORSALIS
INSALTLAKECITYUTAHSEPTEMBER1981

LastsummermigrationsofAedesdorsalisfromsaltmarshes
andduckclubsnorthandwestofSaltLakeCityareknown
tooccurbutfewactualreportshavebeenpublishedRees
UnivUtahBull255161935gaveafullaccountofthe
dailyprogressofamassmovementofAedorsalisthattook
place50yearsagoAnunusuallyheavyrainfallattheendof
AugustresultedinanenormousbroodofmosquitoesThe
flightofadultswastracedfromtheemergenceareathrough
pointsinSaltLakeCityanduponecanyonto22milessouth
eastofthesource10daysafteremergence

From16Septemberto2October1981adispersalof
Aedorsaliswasobservedoveraperiodof17daysFemales
collectedinandaroundSaltLakeCityweredissectedtogain
informationaboutthephysiologicalageofmigratingAe
dorsalis

LocalizedstormswithintheSaltLakeandUtahValleyscan
producegreatamountsofwaterthatarefunneledbytheJor
danRivercanalsandotherdrainagesystemsontothe
marshesatthesoutheastendoftheGreatSaltLakeFlood
ingofsomeofthemarshlandsincludingduckclubsbegan
thelasthalfofAugustwhentemperatureswereasmuchas
13FabovenormalExtensiveacreageswerefloodedto pro
ducehordesofAedorsalis

Complaintswerereceivedfromresidentsinthenorthwest
partoftheCitybeginning1September From11to16

Septembercomplaintscamefromthenorthwestandeast
sectionoftheCity

FourNewJerseytypelighttrapswithinreasonablerange
oftheemergenceareaattractedAedorsalisthroughoutthe
monthofSeptemberStartingon14Septemberandforthe
nextfewnightstherewasanincreaseinthenumberofAe
dorsalisfemalescaughtExceptforonetrapmaleAedorsalis
werepresentatthattimeandonsomenightsuntiltheendof
themonthThreetrapsclosertotheCityhadasmallerin
creaseinthenumberoffemaleAedorsalisatthattimebut

therewerenomalesConcurrentlythreetrapsacrosstheCity
totheeastandsouthcollectedsmallnumbersofAedorsalis

femalesOnetrapabout12milesfromtheemergencearea
continuedtolureafewAedorsalisfemalesthrough20
September

Aspiratorcollectionsofliveadultfemaleswereinitiated
on16September BitingAedorsaliswerealreadyinthe
City Therewere30collectionsmadeirregularlyatvaried
locationsspanning17daysCollectingplaceswerecombined
intozonesaccordingtodistancesfromthebreedinggrounds

BettinaRosayGlenCCollettandSamLDickson

SaltLakeCityMosquitoAbatementDistrict
SaltLakeCityUtah84116

NumberofNumberof
Distance Locations Collections

Zone1close Hmiles 8 11
Zonc2

intermediate 46miles 5 10 194
Zonc3distant 612miles 5 9 86

FivehundredandseventytwototalfemaleAedorsaliswere
dissectedAllwerepostteneral

Afternumerousdissectionsshowingeveryfemaletobe
inseminatedfurtherexaminationsforpresenceofsperm
werediscontinuedexceptforunusualspecimenssuchasthose
thatwereparousorparasitizedItwasassumedthatmating
hadtakenplaceattheemergencesite

Evidenceofnectarfeedingwithintheprevious12hours
wasfoundin96ofthefemalestestedforfructosebythe
anthronereactionvanHandelMosquitoNews32458
1972 ThesampleswerefromwithintheCityandfrom
intermediatenorthwestlocations

Themajorityofthefemaleshadnotdevelopedtheirfirst
batchofeggsMosthadovariesrestinginstagesIorIIwith
anemptymidgutTheywereevidentlyseekingabloodmeal
Thesenulliparousfemaleswerefoundincloseandinter
mediatezonesfor17daysthusindicatingcontinuedemer
gencefromdifferentplacesItwouldnotbeexpectedthat
bloodfeedingandeggmaturationbedelayedmorethan
afewdaysafterbecomingpostteneralNinefemaleswith
freshbloodhadnodoubttakenitfromthecollectorSeven
femaleswithadvanceddegreesofdigestedbloodwouldsoon
havedepositedeggs

Therewasnoevidenceofovipositionhavingtakenplace
untilafter20September Ofthetotalnumberdissected
about20wereparousThesetendedtobedistributedin
relationtodistancefromthesourceOnesfurthestfromthe
floodedmarsheswerefoundinmuchsmallercollectible
numberswithonly7olderthanthefirstovariancycle
Fivehadrecentlyovipositedasshownbystretchedpedicelson
theovariolesAsunlikelyasitmayseemthatAedorsalis
eggswouldsurviveinacemeteryorparkhabitatontwo
occasionsinpastyearsAedorsalislarvaeandpupaewere
takenduringroutineinspectionsinJunepriortoputting
fishInornamentalpoolsonthenorthbenchofSaltLakeCity
NomosquitoesweretakenintheCityafter27September

Intheintermediatezone10ofthefemaleswereparous
Atsitesclosertotheemergenceareas30hadlaideggs
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includingonefemaleon1Octoberandanotheron2October
intheirthirdovariancycleshavingaccomplishedtwoovipo
sitions Judgingbythesecollectionsgreaterphysiological
longevityandreproductivepotentialareachievedbymos
quitoesthatremainclosetothebreedingarea

Allparousfemaleswereinseminated
On1Octoberthreeunusualfemaleswerefoundina

collectionfromasiteclosetothemarshesTheywerepost
teneralinseminatedandwithemptymidgutsTheoviducts
werenotstretched Insteadofovariolestheovarieswere
packedwithwhatwaspresumedtobesporangiaofthe
parasiticfungusCoelomomyces

DuringthemigrationofAedorsalismaleswerereportedly
seenbyoneoftheauthorsbutnonewascollected

Theimplicationsarethatwhentremendousbroodsof

INTERCANYONMOVEMENTOFMARKEDCULEXTARSALIS

Approximately3000one twodayoldCulextarsalisof
eachsexrearedfromfieldcollectedpupaeweremarked
withfluorescentdustandreleasedineachofthreeadjacent
SierraNevadafoothillcanyonsinAugust1981tostudy
populationexchange Recapturecollectionsweremadefor
tenconsecutivedaysfollowingthefirstreleaseandutilized
threemethods14CO2augmentedCDCtrapswithlightsand
fourwithoutlights12smallandfivewalkinredboxshelters
andaerialnetsweepingofmaleswarms Mostrecaptured
femalesfromthefirsttwodaysreleasesweredissectedto
determinetheirreproductivestatusTemperaturesduringthe
recoveryperiodaveraged32Crange 21Cto44C

Malesfailedtodispersefromthecanyoninwhichthey
werereleasedThishadbeennotedinpreviousstudiesatthe
samesitewhichinvolvedthereleaseofradiosterilizedmales

frombothfieldderivedandlaboratorypopulations
Femalesmovedfreelyamongthecanyonsmarkedim

migrantsweremorelikelythannonmigrantstohavemated
priortorecaptureAlldissectedmarkedfemalesweremated
bythefourthdayfollowingreleaseThemediantimefrom
emergencetofirstovipositionwasfivedaysParityrateswere
generallylowerforfemalescollectedInsheltersthanforthose

intrapcollectionsAutogenyinthenativepopulationwas
44atthistimeandmayhaveresultedinundersampling
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ABSTRACT

mosquitoesemergesomearestimulatedtoleavethearea
eventhoughbloodsourcesareeasilyavailableandthereare
ampleovipositionsites Sufficientnumbersofmosquitoes
remainatthebreedingsitetoreplenishthestock

ThereisnofirmevidencebutitappearsthatifAedorsalis
arereadytoflydistancestheywilldosounderatmospheric
conditionsofhigherthannormalpercentrelativehumidity
aslightprevailingbreezewithwarmbrightmoonlitnights

Theflightpathofthemosquitoesfromthesaltmarshes
throughSaltLakeCitytoapoint12milessoutheastofthe
nearestsourcewasexactlycomparabletoReesobservations
madein1932Changesintheenvironmentcausedbymans
activitiesiegrowthoftheCityhavenotalteredthedispersal
patternofAedorsalis

ofnulliparsintraps
Dailylossrateswereestimatedhorizontallybytheregres

sionmethodformarkedadultsandverticallyfromthepro
portionparousforunmarkedfemalesLossrateswerehigher
formarkedmales2238thanformarkedfemales243l
Thelossrateforunmarkedfemalesinthecentralcanyon
wasquitelow14 thiscanyonreceivedmoreimmigrants
thaneitherperipheralcanyonandthusseemedtosupportan
olderpopulation

Thefailureofmalestodispersefromtheirreleasesites
coupledwiththeobservationthatfemalestendtomate
priortoemigrationdemonstratestheimportanceofchoosing
multipleanddispersedsitesforreleaseingeneticcontrol
trials Futurestudiesusinggeneticallyalteredmalesatthis
sitewillhavetoutilizereleasesinallthreecanyonstocom
pensateforIntercanyonmovementThisshouldincreasethe
degreeofcontactbetweenreleasedmalesandvirginsfrom
thetargetpopulation
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Recentstudiesunderlaboratoryandfieldconditionshave
shownthatadultmosquitosizeisaffectedbyseveralfactors
duringlarvalgrowthstagesInordertoevaluatetheimpactof
threeofthesefactorsalaboratorycolonyofCulextarsalis
wasrearedunderthreetemperatures18 26 and31C
threedensities6001200and2400larvaeperpanandthree
variationsofabasicfoodregime3BRBRand3BRSize
atdeathwasdeterminedforcohortsof25malesand25

femalesfromeachreplicateofeachrearingcondition
Temperaturefoodanddensitysignificantlyinfluenced

adultwinglengthaswellasdevelopmenttimefromfirst
instartoadultThehighesttemperaturewhichproducedthe
smallestmosquitoesalsohadthefastestdevelopmenttime
Themediumandlowtemperaturesproducedprogressively

1ThisresearchwassupportedinpartbyResearchGrantAI3028
fromtheNationalInstituteofAllergyandInfectiousDiseaseGeneral
ResearchSupportGrantIS01FR0441fromtheNationalInstitutes
ofHealthandbyspecialfundsformosquitocontrolresearchappro
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largermosquitoesandhadprogressivelylongerdevelopment
times Howevertheoppositewastrueforthefoodtreat
mentswherethe3BRgroupproducedthelargestmosquitoes
buthadthefastestdevelopmenttimeDensitydidnotshow
acleartrendotherthanthefactthatthe600pangroup
wereconsistentlylargerandtookfewerdaystodevelop

Survivalanddevelopmenttimedecreasedasafunctionof
increasingwatertemperatureDevelopmentaltimedecreased
andsurvivalincreasedastheamountoffoodperlarvain
creasedinthefoodanddensityexperiments

Theautogenyratewasinfluencedsolelybyfoodthe3BR
groupbeingthehighestat33Longevityalsowassignifi
cantlyrelatedtosize Through6utallofthetreatments
largeradultstendedtolivelongerthansmalladults

Ourdatawouldseemtosupporttheconceptofadevelop
mentalwindowthroughwhichlarvaemustpassinorderto
successfullypupateThiswindowappearstoresultfromthe
interactionoftheamountoffoodingestedperunitofde
velopmentaltime
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APRELIMINARYSIMULATIONOFMOSQUITOCONTROLINCOYOTEHILLS
FRESHWATERMARSHALAMEDACOUNTYCALIFORNIA

Threeoftencitedreasonsforattemptingtomodeleco
systemsareatoaidintheconceptualizationofthesystem
bforthepredictionandormanagementofthesystemand
ctoformalizepresentknowledgeofthesystemThispro
jectcontemplatesmoreeffectivemanagementofafreshwater
marshandiscurrentlyintheconceptualizationstageofa
predatorpreymodelforsuchamarsh

Themodellingofaquaticecosystemsisinitsinfancy
Complexaquaticmodelshavebeendevelopedforsaltmarshes
HopkinsandDay1977PomeroyandWiegart1981and
freshwaterreservoirsPatten1976Thispaperdealswiththe
firstphaseofthemodellingprogramforthefreshwatermarsh
Ourmodelbeginsbyexaminingthecrucialrelationship
betweenthemosquitofishGambusiaaffinisandoneofits
preyitemslarvaeofthemosquitoAnophelesfreeborniThe
relationshipwillformthenucleusofamorecompletemarsh
model

Modellingthemosquitofishasapredatoronmosquito
larvaehasrecentlycomeunderintensivestudyinCalifornia
habitatsespeciallyricefieldsCechetal1980abCechet
al1981Thesemodelshavebeenprimarilybioenergetic
modelsofthemosquitofishexaminingaspectsofprey
selectionmetabolicrategrowthrateandpopulationdy
namicsThesebioenergeticmodelswerealsostimulatedby
thedesiretocontrolormanagemosquitopopulationsusing
GambusiaespeciallyinthericefieldsofcentralCalifornia
Asstatedearlierourprojectismotivatedbyasimilardesire
onlythemodelbeingdevelopedhereapproachesthepredator
preyproblemfromadifferentperspective Thefuture

synthesisofthetwoapproachesisanxiouslyawaitedOur
modelpresentlyoutlinesafewoftheimportantfactors
influencingtheeffectivenessofmosquitofishincontrolling
mosquitoesandhowthosefactorscouldbeusedbyvector
controlmanagerstosimulatepredatorpreypopulations

TheCoyoteHillsFreshwaterMarshislocatedinFremont
CaliforniaadjacenttoSouthSanFranciscoBayInthemonth
ofMaythemarshisapproximately1415acresinsizeDuring
thepeakwinterrainrunoffperiodtheareaisusedasa
pondingareabytheAlamedaCountyFloodControlDistrict
Aftertherainshavesubsidedmanagementofthemarsh
becomestheresponsibilityoftheEastBayRegionalPark
DistrictTheparkdistrictusesthemarshasaneducational
sitemainlyforbirdwatchingandenvironmentalobservations
Theirmainwildlifeconcernsdealwithmarshdependentbirds
andmigratorywaterfowl

InthemonthofMaythemarshisapproximately1415
acresinsizeByJulythesizeofthemarshusuallydecreases

JamesSchooleyFredCRobertsandGlennEConner
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toapproximately4acresWaterdepthvariesfromnearly4
feetinAprilto46inchesfromJulythroughSeptemberor
October Rainwateristhesourceoffreshwaterduringthe
winterandspringmonthsDuringthesummerusuallyby
JulythemarshwouldcharacteristicallydryupThepark
districtpurchaseswaterandpumpsitintothemarshsystem
tomaintainthemarshthroughthedryperiod Insome

yearshowevertherehasbeensignificantfishkillsbefore
adequatewaterhasbeensupplied

VegetationofthemarshincludescattailsTyphaandtwo
submergentsthesagopondweedPotamogetonpectinatus
andtracesofMyriophyllumapp Thefirsttwoplantsare
characteristicofmosquitobreedinghabitatsintheareaThe
CoyoteHillsMarshiscapableofproducinghighlevelsof
mosquitoeseachseason Thespeciesproducedinclude
AnophelesfreeborniAnpunctipennisCulextarsalisCx
erythrothoraxCulisetaincidensandCuinornata

Themodelisdividedintooneabioticandfivebiotic

componentsTable1Carbonflowsaredesignatedbysolid
lineswhileinformationflowsareshownasdashedlinesThe

modelIsdesignedtosimulatethepredationofmosquitofish
onmosquitolarvaeandalternativepreyinthefreshwater
marsh Theimpactofthemosquitofishonthemosquito
larvaeisindirectlyinfluencedbyponddepthintwoways
TherustisviapredationbywadingbirdsAsponddepth
increasesfewermosquitofishareexposedtopredationby
birds Thesecondinfluenceofponddepthisitsinfluence
onthegrowthofpondweedAnderson1978inplotting
Potamogetonproductionversusdepthfoundasteepbell
shapedcurvewithmaximumbiomassatapproximately60cm
indepthwithasharpdeclineindeeperorshallowerwaters
Aspondweedbiomassincreasesportionsofthemarshsurface
becomeoccludedandtheratesofencounterbetweenpre
datorsandpreyareassumedtodecreaseThereforeaverage
marshdepthwillinfluencetheeffectivenessofmosquitoflsh
incontrollingthemosquitopopulationwiththeleastcontrol
possibleatdepthsofapproximately60cmSpecificvalues
assumedforgrowthratessearchingratesassimilationeffici
enciespredationratesandcarryingcapacitycanbefoundin
theappendix

Thereareafewinteractivesimulationoptionsbuiltintothe
modellingprogram Initialvaluesofmosquitofishdensity
mosquitolarvaldensityandaverageponddeptharespecified
priortoeachsimulation Managementoptionswhichmay
beexercisedpriortoeachsimulationarethestockingof
mosquitofishandortheapplicationofpesticidesStocking
ofmosquitofishcanbedonetoanylevelbutpresentlyis



Table1Mosquitolarvaeandmosquitofishdensitiesaandpondweedphcnologybduringsimula
tionsatthreedifferentmarshdepths

Date

Category

Pondweedreaches

watersurface

Pondweedreaches

peakstandingcrop

Pondweedyield
g

Tableis

Mosquitolarvaemgm Mbsquitofishmum2

15cm 50cm 85cm 15cm 500m 85cm

May15 020 020 020 33 33 33

June14 001 001 001 33 45 45

July14 002 001 001 6 52 52

August13 021 006 001 4 59 59

September12 190 106 001 6 67 67

October12 1096 1752 001 8 77 76

Tablelb

Depth

15cm 50cm 85cm

June15 July1 July15

July15 July31 August14

104 1695 664

77
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i

Mosquito larvae

Pondweed

Mosquitofish

Depth MOW

Birds

onlydoneonday17ofthe155daysimulationPesticide
applicationsmaybetriggeredinthesimulationautomatically
whenthemosquitolarvaeexceedthecriticaldensitythres
holdspecifiedbeforeeachsimulationBothfishstockingand
pesticideapplicationsincludecostfunctionswhichare
totalledattheendofeachsimulationStockingcostsare
basedonthenumbersoftruckloadsoffishrequiredtoreach
thespecifiedstockinglevelPesticidecostiscomputedata
fixedcostperapplicationThetotalbiomassofpondweed
producedduringthesimulationisalsogivenbecauseofits
possiblesignificanceinwaterfowlmanagementinthesystem

Thecurrentmodeliswritteninbasicanddesignedtoeasily
operateonmostpersonalmicrocomputersThisisconsidered
animportantaspectofanypotentialmanagementtoolin
keepingitaccessibletofieldusersTheresultspresentedhere
wererunonaPDP11withRY8TOperatingSystemwhichis
partofthecomputingfacilitiesatCaliforniaStateUniversity
Hayward

RESULTSAseriesofsimulationswereruninorderto

demonstratethemodelfeaturesofdepthpondweedeffects
fishstockingandpesticideapplication

ThefirstsimulationswereadepthseriesTheinfluenceof
ponddepthonpredatorpreydynamicsasdiscussedearlier
isviapondweedgrowthwhichreducesencounterratesThe
threedepthsusedwere1550and85cmallbeginningwith
thesamedensityoffish03lbsacreandmosquitolarvae
02mgmetersqdTheresultsareshowninTable2Note
thedifferencesinthetimethepondweedreachesthesurface
PWSurfaceandthepeakstandingcropPeakSCforthe

1

Other prey

Figure1Thebasicpredatorpreymodelwithcarbonflowsshownassolidlinesandinformation
Mowsasdashedlines

threedepthsInthe85cmsimulationthelackofanysignifi
cantreductionoffishmosquitoencounterratekeepsthe
mosquitopopulationatthelowerboundaryofthemodel
wherethealternativeinvertebratepreyaremaintainingthe
fishpopulation Maximumocclusionoccursatthe50pm
depthwherethepondweedreachesitspeakdensity The

relationshipbetweenthemosquitolevelsandponddepth
appearsconsistentwithfieldpopulationsfromAlameda
County

Thesecondsimulationserieswasafishstockingseries
doneataconstantmarshdepthof50cmTable3The
purposeofthisseriesofsimulationswastodemonstratethe
managementdecisionoptionoffishstockingandmarshdepth
whichwasshowninthefirstseriesofsimulationstoproduce
ahighpopulationofmosquitoesTheresultsTable3indi
catethatthemosquitopopulationreacheshighlevelsatthe
endoftheseasonevenatveryhighstockingratesHowever
controlearlyintheseasonpriortopondweedocclusion
fishcouldbeextremelyeffective

Thethirdsimulationserieswasdesignedtoexaminethe
controlandtotalcostsofacombinedfishstockingandpest
icidesprayingmanagementplan Thepermutationsare
staggeringifthemanagerscancontroldepthstockingrate
andlarvalthresholdlevelsTheselevelsweredoneatonly
onedepth50cmforthreestockingdensitiesandtwocritical
mosquitodensitiesTables4and5Becauseofthesimple
costfunctionsofthemodelitisclearthatunderallcircum

stancessprayingislessexpensivethanstockingfishforcon
trollingmosquitoes Thecostsofeachusedhereareonly



Table2MosquitolarvaeandmosquitofishdensitiesduringsimulationsdoneatSOcm
marshdepthwiththreefishstockingratesAllstockingwasdoneon14Juneto the

levelsshown

Date

Date

May15

June14

July14

August13

September12

October12

Mosquitolarvaemgm
2

Run1 Run2

Table3Mosquitolarvaedensitiesduringsixsimulationswithvariablemanagement
plans2pesticidesprayingleviesX3fishstockingratesatthesamedepth50cm
PesticidesprayingthresholdsmgmL 05H 50fishstockingratesmgm
N0M89H177

May15 020 020 002 33 33 33

June1 001 001 001 39 89 177

June14 001 001 001 45 96 188

July14 001 001 001 52 109 215

August13 006 003 002 59 124 243

September12 106 041 010 67 141 277

October12 1752 403 033 77 160 312

Sprayingduringthisinterval

Mosquitofishmgm

Run3 Run1 Run2 Run3

MosquitoBiomassmgm
2

LN LM LH HN FBI HH

020 020 020 020 020 020

001 001 001 001 001 001

001 001 001 001 001 001

006 004 002 006 002 002

002 041 010 106 041 010

032 007 033 019 403 033

79
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Tablc4CostbreakdownforthesixmanagementplansshowninTable3

Item

Tablc5AppendixModellingequationsandassumptions

Coatdollars

LM LH HN H1 HH

Stocking 0 1680 4200 0 1680 4200

Spraying 630 315 0 315 0 0

Total 630 1995 4200 315 1680 4200

240REM MODELDESCRIPTIONASSUMPTIONSVALUESETC
250

260REM ANOPHELESFREEBORNI
265

270 DN1DT THENETINCREASEINPOPULATIONBIOMASS
280 01 BIOMASSOFLARVALPOPULATION01 01DN1DT
290 DN1DT RN11N1K WHERES
295 DN1DT RATEOFCHANGEOFLARVPOPULATION1DAY
300 Ri NETGROWTHRATEPERINDIVIDUAL
310 N1 NUMBEROFINDIVIDUALS
320 K CARRYINGCAPACITYMAXTHATENVIRONSUPPORTS
330

340

350REM ASSUMPTIONSONANOPHELESFREEBORNI
360

370 1R 12DAY
380 2N1INITIALLYDETERMINEDBYSTANDARDDIPPING
390 ONEDIP SAMPLEOF110OFAMETERSQUARED
400 ASSUMEEACHLARVAEWEIGHS1MG
410 THUSIF20LARVAEDIPTHENINITIAL
4201 BIOMASS 10001GM200LARVAEMas02GM
4301 3K 2 ASSUME200LARVAEDIP K
440 K 2GM
450

460REM OTHERPREYEATENBYGAMBUSIA
470
4751 R3 12GROWTHRATEOFOTHERPREY

480

490REM GAMBUSIAAFFINIS
5001

510 DN2DT PN2A1 N3A2 D WHEREt
520 DN2DT NETINCREASEINPOPULATIONBIOMASS1DAY
530 N2 N2 DN2DTUSETOSOLVENUMERICALLY
5401 P A0N1 WHERES
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TablcScontinutcd

550 A OFLARVAEEATEN ENCOUNTEERED
560 0 SEARCHINGRATE AREASEARCHEDINUNITTIME
570 N1 DENSITYOFLARVAE NUMBERMETERSQUARED
580 N2 DENSITYOFGAMBUSIA METERSQUARED
590 Al ASSIMILATIONRATEPREYISLARVAE
600 A2 ASSIMILATIONRATEWHENPREYISOTHER
610 N3 DENSITYOFOTHERPREY
620 OD ADJUSTEDRATEOFPREDATIONDUETOPONDWEED
630

640REM ASSUMPTIONS GAMBUSIAAFFINIS
645

650 1A 05ASSUMEDXLARVAEEATENPERENCOUNTER
660 20 100ASSUMES100SQUAREMETERSSEARCHEDINDAY
670 3Al 12ASSUMES12ASSIMILATIONEFFICIENCY
680 4A210ASSUMES10ASSIMILATIONEFFICIENCY
690 5D 008PERDAYRATEOFDEATHPREDATIONETC
700 6AVEGAMBUSIAWEIGHS567GRAMS
710 7OD 572082 Y1 100100 WHERE
720 OD ADJUSTEDPREDATIONRATE
730 Y1 BIOMASSOFPONDWEED
740 8K2 830809 CARRYINGCAPACITY75LBSAC
750

760REM PONDWEED POTAMOGETONPECTINATUS
765
770 FROMANDERSON ECOLOGYVOL59N01
775

780 Y1 115 X1 107 X1 2 13798 WHERE
790 Y1 BIOMASSOFPONDWEEDGM WHERE0Y1 1748
800 X1 WATERDEPTH WHERE1376 X1 9371
810 DA 31 QS WHERE IN31DAYSFROMMAY1STTHE
820 PONDWEEDBEGINSTOGROWANDINQSDAYSIT
830 REACHESTHESURFACE
840 OS 430657 X1 59
845

850REM ASSUMPTIONS PONDWEED

855
860 1ASSUMEGROWTHBEGINSONMAY15THFROMTUBERS
870 2ASSUMEPLANTSREACHWATERSURFACEJUNE15THTOJULY1ST
880 3ASSUMEPEAKSTANDINGCROPBYJULY15THTOAUGUST1ST
890 4ASSUMEPLANTSDIEBACKOCTOBER15TH
900 5ASSUMEPLANTSDISAPPEARBYJANUARY1ST
910 6ASSUMEPLANTSINSHALLOWWATERREACHSURFACESOONER
920 7ASSUMEOS 430657 X1 59PREDICTSTHENUMBEROFDAYS

REQUIREDTOREACHWATERSURFACE
940 8ASSUMEMAXIMUMINTERSECTIONOFSURFACEOCCURS
950 IN30DAYS
960
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thoseimmediatelypaidbythemarshmanager Costing
functioncaneasilybemanipulatedtoincludedregionaland
seasonaldifferencesinthecostsofbothactivities Field

experimentationwouldallowthecalculationofresidualbene
fitsduringthenextseasonfromstockedfishhoweverthere
sidualcoststotheecosystemofpesticideapplicationiscon
sideredamuchmoredifficultcalculation

Thefinalresultwewouldliketoreportistheinformal
feedbackwehaverecievedfromourcolleaguesontheutility
ofthemodeltomanagement Duringaworkshopon
SystemsModellingforVectorControltwentyvectorcon
trolprofessionalsexperimentedwiththisdemonstrationmodel
TheworkshopwassponsoredbytheNorthernCalifornia
ChapteroftheSocietyofVectorEcologistsandwasheldon
campusofCaliforniaStateUniversityHaywardon20
November1981Thefeedbackweweremostconcemedwith

werecommentsoneaseofoperationlogicandeaseofthe
interpretationofthesimulationoutput Commentsonall

threeareaswereallverypositivewithseveraluserssuggesting
weincludegraphicaloutputinadditiontothepresenttabular
output Mostusersfeltthemodelcouldbeanimportant
managementtoolprovidedthevalidityofthemodelisclearly
establishedusingfielddataandexperimentation

FUTUREDEVELOPMENTSThefirstmodificationsof

themodelwillincludetheeffectsoftemperatureonall
transfersmosquitogrowthratespreyselectionbehaviorin
mosquitofishandsizevariationsinthemosquitofishpopu
lationMuchoftheinformationhasbeenworkedoutbyCech
andcoworkersatUCDavisCechetal1980abCechetal
1981 Howevertheapplicationofsomeofthepublished
literaturetofreshwatermarshpopulationsneedstobetested
experimentally Someoftheexperimentsplannedinclude
studiesofpreyselectionbymosquitofishandprovidingdetails
ontheindirectinteractionsbetweenmosquitofishandthe
mosquitolarvaeMurdock1981hasfoundevidenceforin
directinteractionswhichmightbetheresultofmosquitofish
selectingpreyitemsnormallypreferredbyinvertebratepre
datorstherebyincreasingthesubsequentnumbersofmosquito
larvaeeatenbyinvertebratepredators Thiscouldbean

extremelyimportantprocessifconsideringthatwemaybe
establishingresidualtrophiccontroloverthemosquitopopu
lationbyhavinghighinitialfishdensitiesThiscontrolwould
beimportantifheavyvegetationalcoverlaterreduceden
countersbetweenfishandmosquitolarvaeOtherresearch

projectsplannedincludethephenologyofpondweedinthe
CoyoteHillsMarshandinperhapsafewyearsexperimentation
onwaterlevelmanipulationsinfreshwatermarshesbeing
createdinHaywardBothofthesewillbeimportantmodel
lingcontributionsbecauseofthehighsensitivityofthemodel
todepthandpondweedvariations

Someofthemostobviousinteractiveandmanagement
optionsnotyetinthemodelincludevaryingthedayoffish
stockingandtogenerateavariablecostfunctionforspraying
Thelaterwouldbeappropriatewherethecostsvariedduring
theseasonbecauseofsayovertimeduringthebusyseasonor
shortageinequipmentormaterialsAsanexampleitmight
costtwiceasmuchtosprayinJulyasitdoesinMay

Insummarythemodelappearstoreasonablyreflectthe
observedrelationshipbetweenpredatorandpreyandtheway
thisrelationshipisalteredbychangeinmarshmorphology
Theinteractiveoptionsgaveresourcemanagersfamiliarwith
thenaturalhistoryanddaytodaymanagementofsimilar
systemsaclearrepresentationoftherelativeimpactofa
varietyofrealisticmanagementoptions
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THEIMPLICATIONSOFAFRESHWATERSIMULATIONMODELONTHE

ALAMEDACOUNTYMOSQUITOABATEMENTDISTRICT

Theuseofcomputershasalreadyhadaprofoundimpact
ontheprogramsoftheAlamedaCountyMosquitoAbatement
DistrictComputersnowstoreandprocessoperationaldata
intheDistrictandgeneratetimelyreportsfordecision
makers Itisnowgenerallyacceptedthattheautomated
systemprocessesmoredatamorequicklyandaccuratelythan
wasaccomplishedbythepreviousmanualsystem

AspresentedinthepreviouspapertheDistrictisinthe
earlystagesofdevelopingasimulationmodelofafreshwater
systemThecomputerinthiscaseisdoingmorethansimply
providinginformationtodecisionmakerstheCoyoteHills
Modelisdesignedtopredicttheconsequencesofalternative
controlapproachesHerethecomputerisencroachinginto
thedecisionmakingprocessarevolutionarychangeinthe
DistrictsapproachtomosquitocontrolThereisnodoubt
inmymindthatweareenteringanewandexitingerain
vectorcontrolwithbothnegativeandpositiveimplications

POSITIVEIMPLICATIONSTheultimateobjectiveofthe
CoyoteHillsModelistoincreasetheeffectivenessandeffi
ciencyofmosquitocontrol Thepreviouspresentationby
DrSchooleyhasshownyouthewaythemodeloperates
Ifthemodelcanbevalidateditwillassistparkdistrictper
sonnelandourdistrictpersonnelisfindingamanagement
schemethatwouldmaximizewildlifeandrecreationalbenefits

whileadequatelycontrollingmosquitopopulations The

modelprovidestheopportunitytotryoutvariousmanage
mentstrategiesandtoselectanoptimumapproachInavery
shortperiodoftimethemodelenablesustotestvarious
waterdepthsfishstockingratesandthresholdsforpesticide
applicationsallbysimulationratherthanbycostlyandtime
consumingfieldtrials

Themodelalsoprovidesatoolwithwhichtocommunicate
withindividualsindisciplinesotherthanvectorcontrolIn
theprocessofbuildingthemodelwecreatedamultidis
ciplinaryteamincludinganaturalistfromtheparkAswe
developedthemodelitbecamequiteapparentthateach
participanthadgainedanappreciationfortheperspective
oftheotherparticipants Asignificantproblemthatwe
encounterinourpreventiveplanningeffortsistheinability
ofindividualsindifferentdisciplinestoeffectivelycom
municate Modellingmaywellbeameanstobridgethe
problemiftheprocessisacceptedandusedinlanduse
planning

Themodelisalsousefulinthatitpointsoutwhatwe
knowwhatwedonotknowandtheassumptionswehave
aboutthewaythemarshoperatesIntheprocessofbuilding
themodelagreatnumberofassumptionshadtobemade

FredCRoberts

AlamedaCountyMosquitoAbatementDistrict
3024E7thStreetOaklandCalifornia94601
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Forexamplewehadtomakeanassumptionaboutthe
carryingcapacityofthemarshforAnophelesfreeborniand
theareasearchedinagivenunitoftimebymosquitofish
justtonametwoofthemanyassumptionsTheprocesshas
providedaclearviewofwhereweneeuadditionalinfor
mationAlsobecausethemodelismathematicalitmakesthe
kindofinformationrequiredveryspecificThemodelhas
thereforespecificallydefinedtheresearchthatisrequired

Themodelhasalsoprovidedthebenefitofshowingclearly
thelogicinvolvedincontroldecisionsTheprocessofmodel
linghasforcedustoclearlydocumentthelogicwhichallows
ittobeevaluatedandrestructuredasnecessary

Finallythemodellingapproachpromisestodramatically
changetheroleofthemosquitocontroltechnicianInthe
recentpastinourdistrictthecontroltechnicianwasassigned
azonewithinwhichheorshehadtotalresponsibilityfor
mosquitocontrolincludingmakingimmediatetreatment
decisionsinvolvingextremelycomplexaquaticsystemsThe
modelwillassistthetechnicianinmakingthesedecisionsand
atthesametimerequiringmoresophisticatedandaccurate
samplingofthetechnician

NEGATIVEIMPLICATIONSAlthoughweforeseemajor
benefitstobeaccruedfromthemodeltherearealsosome
problemsthatmayariseandshouldbeavoidedwherepossible
Someoftheseproblemsaresimplytheothersideofthe
coinofsomeofthebenefits

Weareconcernedthatthemodelmayactuallyblock
communicationSomepeoplesufferfrommathandcomputer
fearForthemthemodellingprocessandtheuseofthemodel
isnotacceptableIftheseindividualsareinkeypositionsthe
modelhasfailedasacommunicationdevice

Anotherproblemisthatthemodeltendstodevelopanaura
ofvaliditybasedupontheesotericnatureofdiagramsmathe
maticsandcomputersratherthananyactualreliabilityofthe
modelinsimulatingthemarshWemustcontinuallybetesting
thevalidityofthemodelandrestructuringitasrequiredThe
logicandassumptionsofthemodelshouldbeavailabletoall
usersforcriticalreview

Themodelalsocreatesaprobleminthatitsdevelopment
requiresthecoordinationandcooperationofanumberof
expertsoutsidethedistrict Becauseweneedhelpinthe
modellingprocessandbecauseweareincludingmoreelements
ofthemarshinourconsiderationswefindourselvesde
pendentuponexpertsinmodellingorinspecificareasof
aquaticsystems

Finallythemodelrequiresthatweupgradeourfield
samplingtechniquesWemustnowfindordevelopeffective
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methodstodeterminethenumberofmosquitofishthatare
presentinthemarshatanygiventimeStandarddipping
techniqueswillalsoprobablyhavetobereplacedbyamore
reliablesystemofsamplingmosquitolarvae

CONCLUSIONSTheuseoftheCoyoteHillsMarshModel
promisestohaveaprofoundimpactontheAlamedaCounty

ASSOCIATIONOFAEDESTRISERIATUSANDCULEXRESTUANS
INWATERFILLEDTIRES

LeonBlausteinl

DepartmentofEntomologyandEconomicZoology
RutgersUniversityNewBrunswkkNJ08901

Mosquitolarvaeweresampledinwaterfilledtireslocated
withintheNewJerseyPineBarrensin1976and1977Two
typesoftiresweresampledAGEDtiressamplingperiod
7761176577977whichhadbeenundisturbedfora
numberofyearsandCOLONIZINGtires777977which
weretirescleanedoutandfilledwithlitterandtapwater

ThemostcommonmosquitoesAedestriseriatusandCulex
restuanswerefoundtobenegativelyassociatedchisquare

PresentaddressDepartmentofEntomologyUniversityofCali
forniaDavisCA95616

ABSTRACT

MosquitoAbatementDistrict Thereispotentialformany
benefitsthatwillbeaccruedduringthedevelopmentanduse
ofthemodelWearealsoconcernedaboutpossiblepitfalls
Wehopetoenlistthehelpofothersinvolvedinsimilaren
deavorstohelpusmaximizethebenefitsandavoidthepit
falls

365pG0001coefficientofassociation 042inthe
1976AGEDtiresCommonlyadeclineofAetriseriatus
inagiventirewasassociatedwiththeoccurrenceofCx
restuansinthesametire Thisspeciesreplacementinthe
AGEDtireswasnotobservedin1977mostoftheAGED
tiresremained100ornearly100AetriueriatueHowever
intheCOLONIZINGtirestherewasaspeciessuccessionof
CxrestuanstoAetriseriatus

Whetherthenegativeassociationbetweenthesetwospecies
resultsfromcompetitiveinterferenceormerelyenvironmental
heterogeneityisundetermined



SEASONALANDSPATIALDISTRIBUTIONOFTOXORHYNCHITES
RUTILUSSEPTENTRIONALISRELATIVETOITSCULICIDPREYIN

ATIREDUMPHABITAT

TheseasonalandspatialdistributionofToxorhynchites
rutilusseptentrionalisamosquitolarvivorewasstudiedwith
respecttoitsculicidpreyinatiredumplocatedwithinthe
NewJerseyPineBarrensduring1976and1977Thispredator
wasnotfounduntilmidJulyofthefirstyearFollowingan
extremelyharshwinteritwasnotfoundduringthesecond
yearuntillateAugustindicatingthatwintersurvivalrateis
loworzerointhesetiresTheseasonalrangeofthepredator

PresentaddressDepartmentofEntomologyUniversityofCali
forniaDavisCA95616

LeonBlausteinI

DepartmentofEntomologyandEconomicZoology
RutgersUniversityNewBrunswickNJ08901

ABSTRACT
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wasshowntobeverynarrowascomparedtoitspreyspecies
AedestriseriatusandCulexspeciesThisalongwithasyn
chronouspopulationpeakscausedseasonaloverlapbetween
thepredatorandpreyspeciestobelow

Thespecificlocationofatirewithinandaroundthetire
dumpprovedinfluentialinthespatialdistributionofthe
predatorTxrseptentrionalizimmaturesweremostabun
dantintiresleaningagainsttreesOnthetiredumpitself
theyweremostprevalentalongtheedgeanddecreasedwith
increasingdistancefromtheedgeThepreyalsodemonstrated
widerspatialdistributionsthanthepredator
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INTRODUCTIONThatthemidgutofnewlyemerged
mosquitoesisfilledwithairiswellknownMarshallandStaley
1932describedthephenomenonandshowedhowtheoeso
phagealdiverticulafilledwithbubblesofairwhilsttheairin
themidgutwasdiminishinginvolumeIndeedtheyclaimed
thatthemidgutairpassedforwardsduringthefirstfewhours
ofadultlifeandwastakenupbythediverticulaaviewthat
hasbeenwidelyacceptedeversinceBrumpt1941however
regardedthistobeunlikelyonanatomicalgroundsand
Clements1963whilenotingthesequenceoftheseeventsin
thenewlyemergedadultinterpretedthemwithcautionHis
cautionwaswellfoundedsinceVenardandPensriGuptavanij
1966clearlydemonstratedthatthediverticularairisnot
derivedfromthemidgutair

ThemidgutairaccordingtoVenardandPensriGuptavanij
normallypassesposteriorlytopassoutviatheanusItis
howeverpuzzlingtoseehowtheycouldmaintainthisview
whentheyclearlydemonstratedthatthemidgutairisalso
lostataboutthesametimeevenwhentheanusissealedTo

accountforthisdifficultytheypostulatedthatthedisappear
anceofthemidgutairwhenbothmouthandanusaresealed
mustbebytheuptakeofoxygenbytheinsectwhilethe
nitrogendiffusesintothetracheaeTheworkdescribedinthe
presentpaperindicatesthatthisseemslikelytobethenormal
routeitalsoshowsthateliminationisfasterinmalesthanin
females

MATERIALSANDMETHODSThemosquitoesused
weretheLSHTMstrainofAedesStegomyiaaegyptiL
Maleandfemalepupaewerewashedandisolateddryin
individualtubesaccordingtothemethoddescribedbyGillett
1982andstoredat30C Thetimeofemergencewas
recordedtothenearestfiveminutes

WhennewlyemergedadultAeaegyptiareexposedto
carbondioxideCO2thegasrapidlyentersthealreadypartly
inflatedmidgutanddistendsitstillfurtherIndeedCO2
entersevenwhenthealimentarycanalisisolatedinsaline
providedthereisairalreadypresentinthemidgutIsolated
gutsalreadydistendedwithairhavebeenobservedtoburst
whenCO2ispassedoverthesalinemediumGillett1982

MIDGUTAIRINNEWLYEMERGEDMOSQUITOES
ANDITSELIMINATION

JDGillett

DepartmentofMedicalEntomology
LondonSchoolofHygieneandTropicalMedicine

KoppelStreetGowerStreetLondonWC1E7HTUK

ABSTRACT

Airinthemidgutofmalemosquitoesiseliminatedaboutoneand
ahalfhoursearlierthanthatinfemalesEvidenceispresentedwhich
suggeststhatthenormalrouteisthroughthetissues

Thisgasthereforewasavoidedasananaestheticthemos
quitoessimplybeingstunnedbyknockingthetubecontaining
eachinsectagainstthesoftcoverofabook Duringthe
anaesthesiathatfollowedeachmosquitowasplacedInsaline
anddissectedtoexposethemidgutanddiverticulaThegut
wasexaminedforthestateofinflationafterwhichCO2was
passedoverthesalinetoseeifthegasenteredthemidgut
ornotTenpreparationsweremadeofeachsexat0112
23910hoursafteremergencefromthepupa

RESULTSBeforecarryingoutthemainexperimenta
preliminarytestwassetuptoestablishthemodeofentry
ofCO2inteneraladults Fortynewlyemergedadultsof
eachsexweredividedintofourgroupsofteneachingroup
onetheheadwasremovedandthenecksealedwithmolten

waxingrouptwotheanuswassealedwithmoltenwaxin
groupthreebothneckandanusweresealedingroupfour
theinsectsremainedintactascontrolsWhenexposedtoCO2
thegasenteredthemidgutwithequalrapidityinallthree
sealedgroupsNorcouldanydifferencebydetectedinthe
rateofentrybetweennormalinsectsandanyofthethree
experimentalgroupsOnreturntoatmosphericairtheexcess
gasinthemidgutwaslostalmosturapidlyasitenteredin
allfourgroups

Instudyingthenormaldurationofmidgutairinthetwo
sexesnodifferencewasfoundduringthefirstthreehoursof
adultlifeBetweenthreeandfourhoursat30Cthemid
gutsofthemalesbegantoloseairdeflationbeingcomplete
byfivehoursInthefemalesontheotherhanddeflationdid
notbeginuntilthefifthhourandwasnotcompleteuntileight
hoursTable1Thepointsatwhichonewouldexpectto
findhalfthemalesandhalfthefemalesexaiminedstillholding
someairinthemidgutwasapproximately45and65hours
respectively

DISCUSSIONTwopointsemergefromthiswork the

earliereliminationofthemidgutairinmalesandtheevidence
fortherouteofeliminationinbothsexesAhyperinflated
mosquitolosestheexcessCO2whenreturnedtoairasrapidly
asitgaineditwhenexposedtoCO2Sinceitmakesnodif



Agehours
ostemergence

Males Females

No
examined

Nowith

midgutair
No

examined
Nowith

midgutair
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Co
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1s

co
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1

1

1

1

1

1

1

1

1

1

o

N

M

LA

LO

00

at

10 10 10 10

10 10 10 10

10 10 10 10

10 10 10 10

10 6 10 10

10 0 10 8

10 0 10 5

10 3

10 1

10 0

TABLE1 LossofmidgutairinnewlyemergedadultAedesaegypti
at30C

ferencetothespeedofentranceandexitofthegaswhether
theheadoranusorbotharesealeditisevidentthatthe

gaspassesdirectlythroughthetissuesBuck1962indis
cussingtheratesofdiffusionofoxygen02andCO2through
insecttissuepointsoutthattheenormousdifferenceowesits
origintodifferencesinsolubilityofthetwogasesandnotto
differencesintheirdiffusioncoefficientsbecauseofitshigh

solubilityCO2has36xpermeabilityconstantof02Chapman
1969 IamsuggestingthereforethattheCO2passes
throughthetissuesandviathetrachealsystemofthemos
quitointoandoutofthemidgutintheliquidphaseSince
theCO2islostthroughthetissuesitseemsreasonabletosug
gestthatthemidgutairleavesbythesamerouteThatCO2
islostinlessthanaminutewhereasthemidgutairtakes45
hoursinmalesand65hoursinfemalesmaybeaccountedfor
bythemuchgreatersolubilityofCO2comparedwiththatof
02andtheevengreaterdifferencebetweenthesolubilitiesof
CO2andnitrogen

Itistemptingtoarguethattheslowereliminationofthe
midgutairinfemalesisassociatedwiththeirgreatersizeand
hencegreaterbulkoftissuethroughwhichthegasesmustpass
Preliminarytrialshoweverwithundersizedfemalesproduced
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AFIELDRELEASEOFRADIOSTERILIZEDMALES

TOSUPPRESSANISOLATEDPOPULATIONOFCULEXTARSALISI

SMAsmanPTMcDonaldWKReisenMMMilbyandWCReeves

Forthe1981sterilemalereleasetrialanewcolonyofCx
tarsaliswasestablishedfromthereleasesiteduringthelate
autumnof1980Inthespringof1981thecolonywasmass
rearedmaleswereradiosterilizedandreleasedintoanative
populationattheonsetoffieldemergenceinKernCountyIn
total84652sterilizedmaleswerereleased

Theradiosterilizedmaleswereuncompetitiveforfield
femalesagainstfieldmalesRadiosterilizationwasnotdetri

1ThcscstudiesweresupportedinpartbyfundsfromtheCalifornia
StateAppropriationsforMosquitoControlResearchintheUniversity
ofCaliforniaandbyResearchGrant1S01FR05441fromthe
NationalInstituteofHealthEducationandWelfare
2DcpartmcntofEntomologyUniversityofCaliforniaBerkeley

94720

3DcpartmentofBiomedicalandEnvironmentalHealthSciences
UniversityofCaliforniaBerkeley94720

UniversityofCaliforniaBerkeley94720

ABSTRACT

mentalsincesterilizedmalesderivedfromfieldcollected
pupaewerefullycompetitiveundersimilarfieldconditionsin
1979and1980 Thelossofcompetitivenesscouldnotbe
attributedtolossoffitnesssincethesurvivorshipestimates
forthereleasedmales bymarkreleaserecapturemethods
werethesameasthatofmalesfromthetargetpopulation

Lossofcompetitivenesswasattributedtoassortative
matingwhichinturnwasinitiatedwithlaboratoryrearingand
theprocessofcolonizationThetwotypesoffemalesinvolved
intheexperimentsfieldandlaboratoryrearedmatedmore
frequentlywithmalesoftheirowngenotypeThepreferential
matingbeganwiththeinitialrearingintheinsectarysincethe
matingbehaviordataoffemaleoffspringfromfieldcollected
femaleswasintermediatebetweenthatoffieldandcolonized

femalesThusfemalesbehaveddifferentlyfromtheirnative
parentsafteronlyonegenerationofinsectaryrearing



STUDIESONTHEPOTENTIALENVIRONMENTAL
IMPACTOFTHEHERBICIDETHIOBENCARBBOLERO

INTRODUCTIONInordertodevelopstrategiesforthe
implementationofIntegratedPestManagementIPMofrice
fieldmosquitoesitisessentialtounderstandtherelationships
betweenallagentsthatwillbeappliedtothishabitatThe
herbicidethiobencarbS44chlorphenylmethyldiethyl
carbamothioatewassoldexperimentallyinCaliforniaduring
1981forearlyseasonusetwoleafstageofriceplantata
rateoffourpoundAlacre Asifisanticipatedthatthis
herbicidewillbeusedwidelyhereinfutureyearsstudies
wereconductedonitspotentialenvironmentalimpact

MATERIALSANDMETHODSAnalyticalMethodsThe
analyticalmethodswhichwereusedwereprovidedbyChevron
ChemicalCompany1979Ingeneralwatersampleswere
extractedwithhexanethecombinedhexanephaseswerecon
centratedandanalyzedbygasliquidchromatographyGLC
usinganelectroncapturedetectorECD soilandfish

sampleswereblendedwithhexaneandNa2SO4filtered
cleanuponanaluminacolumnandthealiquotcontaining
theactiveingredientwasconcentratedandanalyzedbyGLC
ECD

Samplesofwatersoilandfishtissueswerefortifiedat10
05and01ppmintripicateandthepercentrecoveriesfrom
eachwasdetermined

LaboratoryToxicitytoMosquitofishToxicitytestswere
runagainstGambusiaaffinisBairdandGirardunderboth
staticandflowthroughconditionsThemosquitofishwere
rearedinoutdoorcementtanks Acclimationtothetest

conditionswasinitiatedatleasttwoweekspriortoinitiating

CHSchaeferTMiuraRJStewartandEFDuprasJr

MosquitoControlResearchLaboratory
UniversityofCalifornia5544AirTerminalDriveFresno93727

ABSTRACT

InlaboratoryteststheLC50ofthiobencarbtomosquitofishwere
ca3ppminstatictestsand13ppmundercontinuousflowthrough
exposuresInresidueaccumulationtestsbluegillsunfishconcentrate
thiobencarbintotheirtissuesfromwateruptolevelsof200Xwithin
24hoursbuttheseresiduesdeclinewithlongerexposuresrinsingof
treatedfishwithuntreatedwaterresultsinarapidlossoftheactive
ingredientInstaticaccumulationteststhiobencarbdegradedinsoil
treatedatthesuggesteduserateandtherewasnouptakebychannel
catfishFieldapplicationsof4lbAIacreofbothECandgranular
formulationsresultedinmaximuminitialwaterresiduelevelsofca

1ppmthiscausedsomemortalitymaximum25ofmosquito
fishbutnotenoughtoindicateaseriousproblemSincesuchap
plicationsareonlymadeduringtheearlygrowingseasontheside
effectswereregardedasminorItwouldbebestformosquitoabate
mentdistrictstostockmosquitofishonricefieldstreatedwiththio
bencarbseveraldaysaftertheherbicideapplicationifpossible

89

atestMortalityduringacclimationperiodwaslessthan5
Mixedsizesandsexesofmosquitofishwereusedineachtest
Inthefirsttwostatictoxicityteststechnicalthiobencarb
945Alwasuseditwasnecessarytouseacetoneasa
cosolvent01mlliterandstirfor16hoursinordertodis
solvethetechnicalherbicideThesameconcentrationoface
tonewasusedinthecontrolsInthethirdstatictestan

emulsifiableconcentrateECformulationwasusedInthe
fourthtoxicitytesttheECformulationwasalsousedbutwas
appliedasacontinuousflowthroughexposureusingan
allglassproportionaldiluter Theconcentrationsofthio

bencarbweremonitoredatthebeginningandtheendof
eachtestusingtheanalyticalmethodsdescribedaboveTen
mosquitofishwereplacedineachtestchamberinfourliters
ofwaterandtheloadingrateneverexceeded08gramsfishL
Mortalitywasdeterminedbythelackofopercularmovement
andfailuretorespondtogentleprobingwithforcepsFish
werecheckedfortreatmenteffectseverytwohoursduring
thefirsteighthoursofexposureandat24hoursthereafter
untilterminationof96hoursLC50valuesweredetermined
byprobitanalysisandtheconfidencelimitswerecalculated
usingtheLitchfieldandWilcoxonmethod1949Measure
mentsofdissolvedoxygenandpHweremonitoredcontinu
ouslyduringthetests

FishAccumulationStudiesThesestudiesweredesignedto
complywithEPArequirementsforregistrationofpesticides
Exposuresweremadeunderdynamiccontinuousflow
throughconditionsusingblueglllsunfishLepomismachro
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chirisRafinesqueaswellasunderstaticconditionsusing
channelcatfishIctaluruspunctatusRafinesque

Fordynamicexposuresbluegillswereexposedcontinuously
tofiveconcentrationsofthiobencarbusinganallglasspro
portionaldiluterforperiodsof0244872and96hours
Fishwereanalyzedimmediatelyaftertheseexposuresaswell
asafterexposuresfor96hoursfollowedbyrinseperiodswith
untreatedwaterfor244872and96hoursAttheendof

eachexposureorexposurerinseperiodthefishweresacri
ficedfrozen20Corbelowandlatersamplesofwhole
bodieswereanalyzedforthiobencarb

Forstaticexposureexperimentaltanks32x25x12in
eachcontaining60poundsAtwatersandyloameachwere
treatedwiththiobencarb8ECtogiveadoseoffourpounds
Alacrebasedonsurfacearea Eightsuchtankswere
allowedtoageunderaerobicconditionsfor30daysandwere
thenfloodedandallowedtostandforanadditional30days
fingerlingchannelcatfish50to120cmSLandweighing
15to10gmeachwerethenadded42tankOxygenlevels
weremaintainedbygentleaerationAtintervalsof137
101422and31daysfishwerecollectedsacrificedfrozen
20Corbelowandlatersamplesofwholebodiestissues

andviscerawereanalyzedforthiobencarb
Alsosamplesofthesoilweretakenonthedayoftreat

mentafterthe30dayaerationperiodafterthe30day
floodingperiodandateachintervalwhenfishsampleswere
takenthesewereanalyzedfortheactiveingredientofthio
bencarbInadditionwatersamplesweretakenonthefirst
andthethirtiethdayafterfloodingandateachintervalwhen
fishsamplesweretakenthesealsowereanalyzedforthioben
carb

TABLE1 Recoveryofthiobencarbfromwater soilandfishtissue

samplesfortifiedat10 05and01ppm

Sample Concn

PPm

tapwater

soil

fish

10
05
01

10
05
01

10
05
01

AverageZ
Recovery

987
992
920

964
983
970

991
996
890

ai Analysisperformedintriplicate

Atwatersandyloam

FieldStudiesInMay1981afieldtestReikericefield
MercedCountywasconductedtomeasurethesideeffectsof
thiobencarbwhenappliedtoaricefieldattherecommended
rate40poundAlacreTheECformulationwasapplied
at40poundAIin10gallonswateracandagranular
formulation10at40poundsacallapplicationswereby
fixedwingaircraftThetoxicityofthesetreatmentstomos
quitofishwasmonitoredbyplacingftcagescontaining20
fisheachintheplotspriortotheapplicationAlsowaterand
soilsampleshydrosoilwerecollectedbeforeandattwo
hoursandat1235713and21daysposttreatment
Thesewereextractedandanalyzedforthiobencarbinthe
laboratory Otheraquaticorganismsweresampledpreand
posttreatmentbydippingtrappingminnowtrapsandby
areasampling

RESULTSANDDISCUSSIONAnalyticalMethodsThe
recoveriesofthiobencarbfromsamplesofwatersoilandfish
tissuesfortifiedwith1005and01ppmareshowninTable
1Thesewereconsideredasadequatedinordertocarryout
thetoxicityandaccumulationstudies

LaboratoryToxicitytoMosquitofishTheconcentrations
ofthiobencarbsoughtandthosefoundusingvariousform
ulationsandunderbothstaticandflowthroughconditionsare
showninTable2

Instatictoxicityteststhe96hourLC50ofthiobencarb
toGambusiaaffiniswas31ppmTable3usingtechnical
materialand26ppmusinganECformulationhoweverwhen
thefishwereplacedundercontinuousflowthroughexposures
theLC50loweredto13ppm

Intoxicitytestsconcentrationsabove4ppmwereinac
acurateduetothelimitedsolubilityofthethiobencarbin

Range LowestDetectible
Limit ppm

981992
9861000
908960

958985
980987
962991

9881000
990999
884922

0005

001

001



waterLessthanhalfoftheinitialconcentrationremainedat

96hourinthestatictestsItisapparentthatuseoftheEC
formulationresultsinhighertoxicityinstatictestsandthat
acontinuousexposureflowthroughproducedthelowest
LC50valueaswouldbeexpectedIntestchamberstreated
above35ppmmortalitywasobservedwithin6hoursand
by48hourswas8090ofthefinal96hourvalue

IntoxicitystudieswithcarpOchiaiandKubota1978
reportedthatallofthefishdiedwithin14daysfollowinga
continuousexposureto32and18ppmofthiobencarbbut
75survivedfollowinganexposureof10ppmfor10days

FishAccumulationStudiesTheaccumulationofthioben

carbfromwaterintobluegilltissuesfollowingcontinuous
flowthroughexposureisshowninTable4Itisapparentthat
bluegillscanconcentratethiobencarbtolevelsofca200X
within24hoursbutforcontinuousexposuteslongerthanthis
thereisareducedresiduelevelWhenbluegillswereexposed
andthensubjectedtorinseperiodswithuntreatedwaterthere
isarapidlossoftheactiveingredientwithtimeTheevidence
showsthatexposurestothiobencarbwillnotresultinlong
termresiduesinfishtissues

Inthestaticaccumulationstudythiobencarbpersistedin
thesoilwithoutapparentlossduringthe30dayaerobicaging
periodTable5howevertheactiveingredientapparently
totallydecayedduringthefirst30daysoffloodingItis
notsurprisingthereforethatnoresiduesinfishwerefound
ThusundertherequiredconditionsoftheEPAguidelinesfor
Isticideregistrationthereisnoindicationofpersistent
residuesinsoilwhichcouldbeaccumulatedbybottomfeeding
fish

FieldStudiesTheconcentrationsofthiobencarbinthe

fieldplotsTable6treatedwiththeECformulationsaveraged
0906and05ppmat242848and72hoursrespectively
thesamevaluesforthegranulartreatmentswere0304and
05 ppmat the same intervals Table 7 The

cumulativemortalityofmosquitofishwas5at2425at
48and25at72hoursfortheECformulationand0for
242at48and10at72hoursforthegranularapplication
Oneweekafterthetreatmentadditionalcagesoffishwere

placedintheseplotsandnomortalityoccurredThustheEC
resultedinhigherinitialwaterconcentrationsoftheactive
ingredientandhigherfishmortalityHoweverthemortality
observedwasnothighenoughtoindicateaseriousproblem
Itwouldbebestformosquitoabatementdistrictsnotto
stockricefieldswithmosquitoflshuntilseveraldaysfollowing
thiobencarbtreatmentbutifthisisnotpracticalthe
mortalitytobeexpecteddoesnotappeartobesogreatas
topreventthefishpopulationfromreestablishingitself

TheplanktonTable8wasgenerallyreduced3175
duringatwoweekperiodfollowingthetreatmentbutthen
populationsbeganIncreasing Thebenthosalsoshowed

effectstherewasa65reductionofchironomidlarvaebut

oligochaetawerenotaffectedTable9Therewasnovisible
reductionofnektonicorganismsTables9and10however
theirnumbersweretoolowtojudgeeffectspresumablythe
lownumberswereduetoanearliertreatmentofthisfield

withparathionforcontroloftadpoleshrimp

Inconclusionthereweresomeminorsideeffectsfollowing
thethiobencarbtreatmentbutsucheffectsduringtheearly
partoftheseasonarenotofaseriousnature

ACKNOWLEDGMENTWethankthepersonnelofWilbur
EllisandChevronChemicalCompaniesforallowingustocon
ductthefieldstudiesontheirexperimentalplotsThisstudy
wassupportedinpartbyEPACooperativeAgreementNo
CR806771011andbyaspecialCaliforniaStateappro
priationformosquitocontrolresearch
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TABLE2 Concentrationsofthiobencarbinchambersusedforexpos

ingmosquitofishunderstaticandflowthroughconditions

Concn

Soughtppm
ConcnFoundppm ofInitialConcn
0hrs 96hrs Remainingafter96hrs

StaticTestNo 1technicalthiobencarb

80 562 283
445 403 115
256 237 062
144 135 017
080 080 0007

StaticTestNo 2technicalthiobencarb

40 408 145
35 346 062
30 319 154
25 242 040
20 195 038

StaticTestNo 3ECformulation

40 490 198
35 395 150
30 300 115
25 250 078
20 225 018

504
286
265
126
09

356
181
482
167
192

404
400
383
312
80

FlowThroughTestNo 1ECformulation

900 682 618 906
504 476 464 975
288 306 321 1049
162 196 222 1133
090 105 129 1229



TABLE3 ToxicitiesofthiobencarbtoGambusiaaffinisunderstatic

andflowthroughexposures

TypeTestand ConcnUsed 96hrs LC
TestNo Formulation ppm ppm

1 StaticTechnical sought 080144256
445800

found 081135237
403562

LC confidencelimits

371259

2 StaticTechnical sought 200250300
350400

found 195242319
346408

LC confidencelimits

326284

3 StaticEC sought 200250300
350400

found 225250300
395490

LC confidencelimits

278239

4 FlowThrough sought090162288
504900

found 105196306
476682

LC confidencelimits

155117

a DeterminedbyLitchfieldWilcoxonmethod1949

310

306

259

134
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Soil H Fishppm
whole edible

ppm 7H ppm body tissueviscera
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TABLE4 Residuesofthiobencarbinbluegilltissuestreatedwith

continuousexposuresandwithcontinuousexposurerinseperiods

inppm

ExposurePeriod
hrs

24 0 415 253 459 9092070

48 0 300 216 525 442 944

72 0 90 187 163 4921052

96 0 140 140 156 5751088

96 24 56 95 98 5771765

96 48 47 71 88 1321248

96 72 31 61 81 168 890

96 96 10 13 23 73 183

a Averagedailyconcentrationdeterminedbychemicalanalysis

TABLE5Thiobencarbstaticaccumulationtestanalysisofsoilwaterand

channelcatfishtissues

soiltreatment 0 71381 03534
30 812 04021 OM4MP

wateradded 31 813 a
00 3

fishadded 60 911 ND 208 ND

61 912 ND 212 ND ND ND ND

63 914 ND 200 ND ND ND ND

67 918 ND 182 ND ND ND ND

70 921 ND 188 ND ND ND ND

74 925 ND 220 ND ND ND ND

82 102 ND 212 ND ND ND ND

91 1011 ND 180 ND ND ND ND

a Lessthan001ppm soilsamples
II Lessthan0005ppm watersamples

Lessthan001ppm fishsamples

RinsePeriod TreatmentConcn1ppm
hrs 014 020 036 053 124



TABLE6 Plotsizeandassignmentoftreatmentsof4lbAIthioben

carbtotheReikericefield

PlotNo Acre Formulation

1 77 Control
2 70 EC
3 51 GR
4 75 EC
5 68 GR
6 103 Control
7 112 GR
8 118 EC
9 197 Control

10 197 EC
11 170 GR
12 206 Control

Formulation

TABLE7 Residuesofthiobencarbinwaterandsoilofaricefieldtreatedwith40lbAIacre

on41981inMercedCountyCalifornia

Plotno 2 4 8 10 3 5 7 11

Pre
water NDS ND
soil ND ND

2hrs
water 17 10 04 03 01 02 01 01
soil 03 01 02 02 01 001 04 03

1day
water 005 04 03 04 04 07 16 10
soil 004 002 006 008 003 02 02 005

2days
water 01 02 03 02 08 04 03 04
soil 02 02 02 01 02 02 01 01

3days
water 0006 05 05 03 06 09 07 06
soil 07 09 06 06 08 08 06 05

7days
water 0005 01 01 006 01 01 03 01
soil 02 02 02 02 02 02 02 02

13days
water 0007 0008 002 001 0006 003 003 005

soil 02 02 04 06 02 006 02 08

21days
water ND ND ND ND ND ND ND ND

soil 02 02 02 02 02 02 02 02

AND notdetected 0002ppm
bND notdetected 001ppm

EC Granule

95
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TABLE8 Effectofthiobencarbonplantkonandbenthosofthe

Reikericefieldinnooforganisms20dips

Organism

plotno1

May June
18 20 21 22 26 27 1 9

Controla

Cladocera 18 11 9 17 10 13 6 30
Copepod 10 17 19 28 36 85 103 44
Ostracod 55 26 39 24 138 257 346 54
Mayfly 0 0 0 0 0 0 1 8
Corixid 0 0 0 0 2 1 2 3
ChironomidL 3 6 28 2 18 78 65 14

plotno 2 EC

Cladocera 69 3 0 3 1 6 14 13
Copepod 16 7 0 5 8 20 28 24
Ostracod 45 39 37 35 72 62 99 190
Mayfly 0 0 0 0 0 1 1 0
Corixid 0 0 0 0 0 1 0 0
ChironomidL 2 4 4 4 2 27 16 20

plotno 3 Granules

Cladocera 6 2 0 2 1 1 1 13
Copepod 10 8 13 25 4 14 3 82
Ostracod 24 28 30 133 19 128 240 254
Mayfly 0 0 0 6 1 1 1 3
Corixid 0 0 0 0 0 0 0 0
ChironomidL 2 15 13 19 4 0 3 5

a
PropanilwasappliedonJune4



TABLE9 EffectofthiobencarbonbenthosandnektonoftheReikerice

fieldinno organisms3areasamples452cm each

Organism

plotno 1

plotno 2 EC

a PropanilwasappliedonJune4
L larvaeA adults

May June
18 20 21 22 26 27 1 9

Controla
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Mayfly 2 2 1 3 0 0 0 9
Corixid 5 10 11 22 2 2 3 2

HygrotusspLA 2 1 54 4 4 4 4 3

Tropisternussp L 0 0 3 0 0 0 1 0
ChironomidL 279 305 294 392 264 584 945 75

Oligochaeta 4 1 3 9 15 18 12 26

Mayfly 0 0 0 0 0 0 0 0
Corixid 5 0 3 4 9 3 0 4

Hygrotussp LA 2 1 1 3 3 3 1 3

TropisternusspL 0 0 0 0 2 4 1 1
ChironomidL 176 58 104 59 16 31 561 386
Oligochaeta 8 21 12 11 6 5 16 28

plotno 3 Granules

Mayfly 0 0 0 0 0 0 0 0
Corixid 3 0 0 2 5 0 1 4

HygrotusspLA 3 0 0 0 0 0 0 3

TropisternusspL 0 0 0 0 0 1 0 0
ChironomidL 72 53 51 44 12 14 17 116

Oligochaeta 17 39 43 49 12 15 17 74
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TABLE10 Effectofthiobencarbonnektonassociatedwithricefield

inno organismscaughtin3minnowtrapsina24hrperiod

Organism 21

Mayfly 0 3 0 0
Corixid 15 40 11 6
Notonectid 2 2 0 0

HygrotusspLA 11 0 01 04
LaccophilusspL A 13 05 01 07
1roppisternussp0 A 09 20 05 33
SpidRv 0 0 5 14
Fish 0 0 0 13

Mayfly 1 0 0 1

Corixid 5 11 33 8
Notonectid 0 1 0 0

HygrotusspLA 0 0 01 017
c

Troppisternus 02 02 60 49

Spidoy 0 0 2 6
Fish 1 3 0 3

Mayfly 0 0 0 0

Corixid 6 6 9 5
Notonectid 1 0 0 0

HygrotusspLA 03 01 01 09
LaccophilusspLA 01 20 07 06
TroppisternusspLA 02 0 13 619

SpidRyy 0 0 2 2

Fish 0 0 0 4

a Trapswereleftinthefieldfor5days
121 Mostlycarpsandfewmosquitofish
L larvaeA adults

May
22

Control

EC

Granules

27

June

1a



FIELDTRIALSOFFICAMULVONCAGEDANDWILDMOSQUITOES
INCALIFORNIA

RMMillerPAGilliesKRTownzenRKWashino

INTRODUCTIONUltralowvolumeULVfieldtrials
performedduringthepasttwoyearsoncagedmosquitoes
havedemonstratedbendiocarbtobeaneffectivemosquito
adulticideTapleyetal1980Atkinsetal1981Fieldtrials
wereconductedinAugust1981onirrigatedpasturesinSutter
andButteCountiesofCaliforniatomonitortheefficacyof
thiscompoundoncagedmosquitoesandonthewildAedes
nigromaculispopulationspresentatthetestsites These

trialsweredesignedtodetermineifpreviouslypublisheddata
onthemortalityofcagedmosquitoesareindicativeofthe
effectofULVappliedbendiocarbonwildmosquitoes

MATERIALSANDMETHODSThreeseparatefield
trialswererunatdifferentlocationsduringtwoeveningsto
monitortheeffectsofFicamULVinsecticideoncagedand
wildmosquitoesWildmosquitopopulationdensitieswere
assessedbylandingcountsinalltestsThedeZuluetatrapping
methodwasutilizedintestthreeCagedmosquitoeswere
placedintestlinesrunningperpendicularanddownwindfrom
thepathoftheaerosolgeneratorFicamULVwassupplied
bytheBFCChemicalsInc4311LancasterPikeWilmington
Delaware19805AlltestsutilizedatruckmountedLECOHD

aerosolgeneratorequippedwitha MICROGENDFKL

digitalflowcontrolsystemTheaerosolnozzlewasdirectedat
a45angleawayfromthegroundandtheflowratewas
determinedtobeaccurateimmediatelypriortoeachevening
trialAlltestswereconductedusingavehiclespeedoffive
milesperhour

Meteorologicaldatawerecompiledeveryfifteenminutes
commencingonehourpriortothetrialsandterminatingafter
releaseoftheaerosolTemperaturewasmonitoredattwo

1Thcopinionsandassertionscontainedherein arctheprivate
onesofthewritersandarenottobeconstruedasofficialorreflecting
theviewsoftheNavyDepartmentorthenavalserviceatlarge
2DiscaseVectorEcology ControlCenterNavalAirStation

AlamedaCalifornia

3VectorBiology ControlBranchCaliforniaDepartmentof
HealthServicesSacramentoCalifornia
4DeparimcntofEntomologyUniversityofCaliforniaDavis

ABSTRACT

A258bcndiocarbformulationwasapplieduanultralowvolume
ULVaerosoltocagedCulexpipienaqufnquefesclatusCulextarsal
AnophelesfreebornlandwildpopulationsofAedesnigrromaculfsin
SutterandButteCountiesofCaliforniaMortalitiesof100incaged
mosquitoeswereobtainedatdistances35timesgreaterthanthe
labeledswathwidthof330feet Sustantalreductionsofthe

wildmosquitopopulationwerealsoobserved

where
t2tx10

u2

t temperatureCat10meters

t temperatureCat2meters
u averagewindspeedcrnsec
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metersandtenmetersabovethegroundwithanelectronic
thermistorthermometerAhandheldanemometerwasused

tomeasurewindspeedanddirectionAstabilityratiowascal
culatedaccordingtoaformulaadaptedfromHaugenetal
1961asfollows

Fieldtrialswereinitiatedonlywhenatemperatureinversion
wasdetected

Threespeciesofknownsusceptibleadultmosquitoeswere
utilizedforthecagetests Speciesusedincluded Cuter

pipiensquinquefasciotusfromthecolonymaintainedbythe
CaliforniaDepartmentofHealthServicesVectorBiologyand
ControlBranchLaboratoryatSacramentoandCulexSmalls
andAnophelesfreebornifromcoloniesmaintainedatthe
UniversityofCaliforniaDavisDepartmentofEntomology
Approximatelytwentyunsexedadultmosquitoesofone
specieswereplacedineachdisposablecageGradestakeswere
placedinadownwindlineacrossthelengthofthetest
pasturesThecagedmosquitoeswereaffixedtostakesthree
feetabovetheground Disposablecaseswereconstructed
ofcardboardtubingandnylonnettingasdescribedby
TownzenandNatvig1973Thecageswereleftinthetest
fieldsforfifteentothirtyminutesfollowingtheULVappli
cationtoensurethattheaerosolhadpassedthroughtheentire
testline Exposedcageswereplacedinindividualplastic
bagsmoisturepadswereprovidedforthemosquitoesand
theywerereturnedtothelaboratoryforprocessing

ControlsutilizingthespeciesinvolvedInthefieldtestwere
placedinanadjacentpasturewellupwindfromthepath
oftheULVaerosolgeneratorTheywereretrievedafterthe
collectionoftheexposedcagesbyuncontaminatedpersonnel
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Thecontrolsweremaintainedinthesamemannerasthe
exposedmosquitoesduringtheposttreatmentmonitoring
period

Twoormoreinvestigatorsperformedpreandposttreat
mentlandingratecountsofthewildfieldmosquitoesby
walkingacrossdifferentareasofthetestfieldCountsbegan
neartheaerosoldischargelineandextendeddownwindacross
thepasture Eachinvestigatorstoppedperiodicallyashe
traversedthetestpastureandcountedthenumberofmos
quitoesononepantlegPretreatmentlandingcountswere
performedtwelvehoursandimmediatelypriortoeachtrial
Posttreatmentlandingcountsweretakenapproximately
twelvehoursaftereachULVapplication Preandpost

treatmentlandingcountsseparatedbytwentyfourhourswere
utilizedtodetermineAenigromaculisreductionbecauseof
theperiodicityofthespeciesMiura1971

DeZuluetatrappingasdescribedbyWashinoetal1977
wasutilizedinadditiontolandingcountstomonitorwild
mosquitoesintrialthreeThetrappedmosquitoeswerecol
lectedandprocessedbypersonnelfromtheEntomology
DepartmentUniversityofCaliforniaDavis

Testonewasconductedona240acrepastureinSutter
CountyCagedCxpquinquefasciatuswerestationedat0
1503004506008001000120014001800
2200260030003400and3675acrossthelengthof
thepastureAthreeounceperminuteinsecticideflowrate
wasutilized Landingcountswereusedtoassessthewild
mosquitopopulationResultsofcagedmosquitomortality
andwildmosquitolandingratesaregivenintheTables2and
3respectively

Testtwowasperformedonan80acrepastureinSutter
Countyapproximatelyoneandonehalfmileseastandsouth
ofpastureoneCagedCxpquinquefasciatuswerestationed
01503004506008001000120014001600
1760fromthepathoftheaerosolgeneratorAthree
ounceperminuteinsecticideflowrateagainwasutilized
Landingcountswereusedtoassessthewildmosquitopopul
ation Resultsofcagedmosquitomortalityandwildmos
quitolandingratesaregiveninTables4and5respectively

Testthreewasrunonan80acrepastureInButteCounty
Thesouthernsideofthispasturewasdepressedandtheroad
alongthemarginwaselevatedonanearthenbankthreeto
fourfeetabovethegrass CagedCxpquinquefascitus
CxtarsalisandAnfreeborniwassuspendedinseparate
cagesat01503004506007509001050and
1125acrossthelengthofthepastureTheinsecticidewas
appliedattherateoftwoouncesperminuteLandingcounts
anddeZuluetatrappingwereusedtomonitorthewildmos
quitopopulation Resultsofcagedmosquitomortality
wildmosquitolandingratesanddeZuluetatrappingare
giveninTables67and8repectively

Pertinentdataastothedatetimedurationdischargerate
temperaturewindspeedwinddirectionandairstabilityratio
foreachtestarelistedinTable1

RESULTSANDDISCUSSIONThisfieldworkwasper
formedunderidealclimaticconditionsThewindwascon

stantandaveragedinspeedfrom12milesperhourAstrong
temperatureinversionwaspresentduringeachtestFieldtest
oneachieved100mortalityofcagedCxpquinquefasciatus
between150feetand1400feetTable2anda758
reductionofwildAenigromaculisTable3asassessedby
landingcounts Fieldtesttwoachieved100mortalityof

cagedCxpquinquefasciatuzthrough1760feetTable4and
a984reductionofwildmosquitoesTable5Fieldtest
threeachieved100mortalityofcagedCxpquinquefaciatus
CxtarsalisandAnfreebornibetween150feetand1050feet
Table6Landingcountsindicatedan829reductionof
AenigromaculisTable7andthedeZuluetatrappingdemon
strateda965reductionTable8

Cagedmosquitomortalityintestsoneandthreewerelow
atzerofeetbutincreasedto100atthesecondstationand
foraconsiderabledistancedownthetestlineineachtest
Thisinformationindicatestheaerosolpassedoverthemos
quitoesinthecagesatzerofeetwhilefurtherdownwindthe
insecticidesettledduetothestrongtemperatureinversions
present Fieldtestthreesupportsthispremisewiththe
deZuluetatrapdataIndicatingahighreductionofAenigro
maculis ThedeZuluetatrappingwasperformedatrandom
approximately500feetfromthepathoftheULVgenerator
wheretheinsecticidewouldbeexpectedtosettleInsitua
tionssuchastheseadoublenozzleaerosolgeneratorwith
nozzlesdirectedatdifferentangleswouldbeexpectedtotreat
theareaadjacenttotheinsecticidedischargepathmore
thoroughlythanasinglenozzlemachine

Inalltrialsmortalitypatternsincagedmosquitoesindicate
aneffectiveswathwidththreetofivetimesgreaterthanwould
beexpectedfromlabelinformationWildmosquitomor
talitiesintestsoneandthreeseemlowbutItmustbeassumed
posttreatmentcountswereinfluencedbyaninfluxofmos
quitoesfromadjacentfieldsTheresultsofthesetrialssup
portdataofTapleyetal1980andAtkinsetal1981
andindicatethebendiocrabULVformulationutilizedshows
considerablepromiseasaneffectivemosquitoadulticide
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TABLE1

ResumeoftechnicaldataforFICAVULVtestsSutter flutteCounties

California1981

PARAMETERS

Dnto

Time

Durationmin
Dischargef1ozmin
Teriat10m 1

Tempat2m
Windspeed Iph
Winddirection
Airstabilityratio

Test1

A2481
1920
15

3
24
212

15
SE

ca40

Test2

M24R1
2010

9

3
22

1R5
10
SE

100

Test3

825R1
1920
A2
2

265
218

20

SE

30

101
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TABLE2

Test1 PercentmortslityofcagedCulexpipiensquinquefeseiatusfollowing
aerosolapplicationofFinamJLVDAugust241981

Distanceft Moralityatintervalsafterexposure
12RR 24HR

0 0 0
150 100

300 70 100
450 100

600 36 100
800 0 100
1000 21 100
1200 11 100
14X 17 100

11300 4 92
2200 6 94
2600 0 27

3000 0 70

3400 4 19
3675 0 53

Control
1 0 0
2 0 0

TABLE3

Test1 PercentreductionofAedesnigromaculistwelvehoursfollowing
aerosolapplicationofFICAMULV August241981

Stop xofAe nigromaeulisperpantleg

Pretreatment Posttreatment Reduction
1 75 1 867
2 75 2 733
3 8 1 875
4 11 3 727
5 145 25 828
6 65 2 692
7 9 2 778
1 115 3 39
9 95 15 842
10 55 35 364

leanAllStops 91 22 758



Test2

2111i

TABLE4

PercentmortalityofcagedCulex squinquetasciatusfollowinK
aerosolapplicationofFCAAULV August241981

Distanceft fortalityatintervalsafterexposure

TABLE5

1211R 24Hit

0 100

150 100

300 85 100

450 53 100
600 5 100

00 0 100

1000 30 100
1200 0 100

1400 38 100

1600 38 88 100
1760 21 100

Control
1 0 0 54
2 0 0 0

Test2 PercentreductionofAe nirromaculistwelvehoursfollowing
aerosolapplicationofVICAMIULV August241981

Stop zofAe nigromaculisperpantleg

Pretreatment Posttreatment Reduction

1 54 25 954
2 156 2 987
3 160 25 984
4 115 05 996
5 170 2 989
6 2355 25 989
7 245 15 994
8 2325 5 978
9 215 35 904
10 2185 4 982
11 102 32 969

WeanAllStops 1739 27 984
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211R

TABLE6

Test3 PercentmortalityofcagedmosquitoesbyspeciesatinterVslsafter
exposurefollowingAerosolapplicationofFICAUULV August251981

Distanceft PercentMortality

Cpquinquefasciatus Ctarsalis Anfreeborni

0 7 7 64 18 55
150 100 100 100
300 100 100 100
450 100 100 100
600 INVALIDATED
750 INVALIDATED

900 100 100 100

1050 100 100 100
1125 INVALIDATED

Control

1 0 0 20 10 0 0
2 0 0 18 18 0 18

3 0 0 0 0 13 0

TABLE7

Test3 PercentreductionofAedesnigromaculistwelvehoursfollowing
aerosolapplicationofFICAUULV August251981

Stop XofAenigromaculis perpantleg

12IIR 2UIR 12HR 211R 12HR

Pretreatment Posttreatment Reduction

1 110 20 818
2 125 40 68
3 175 75 571
4 250 60 76
5 350 475 S64
6 250 3 141
7 175 25 857
8 1075 125 884
9 200 75 963
10 175 10 943

MeanAll

Stops 1918 328 829



TABLE8

Test3 PercentreductionofAedesnigromaeulisperdeZuluetatrap24ft
collectiontwentyfourhoursfollowingaerosolapplicationofFICA34ULV

August25261981

NumberofAenigromaculisper24ft

Collection Pretreatment Posttreatment Reduction

1 993 29 971
2 394 9 977
3 302 12 96
4 166 8 952
5 204 1 995
6 358 12 966
7 472 39 917
8 460 18 961
9 432 15 965

10 342 3 991

MeanAllStops 4123 146 965
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CONTROLOFIMMATUREMOSQUITOESWITHLIQUIDANDSOLID
FORMULATIONSOFAMONOMOLECULARORGANICSURFACEFILM

In1977theLeeCountyMosquitoAbatementDistrict
initiatedanappliedresearchanddevelopinentprogramaimed
atevaluatingalternativetechniquesforcurrentlyusedcon
ventionalpracticesThemainobjectivewastodetermineif
certainbiologicalcontrolagentsandnontoxicchemicalscould
beintegratedintoouroperationalprogramandtherebyreduce
theuseofconventionaltoxicantsaswellassolvespecific
operationalproblemsthatwerecharacteristictoourarca

Sincetheonsetofourprogramwehaveconductedresearch
inareasofparasitepredatorandpathogenfieldefficacyand
applicationtechnologyaswellasinmassproductionand
storageSeveralofthesebiologicalcontrolagentsaremass
rearedatourdistrictandareexpectedtobecomeanintegral
partofouroperationalprogram

Oneongoingreasearchprojecthasinvolvedtheextensive
evaluationofnonpetroleummonomolecularorganicsurface
filmsaspotentiallarvicidesandpupicides Thedramatic

escalationinthecostofpetroleumoilsusedforlarviciding
andpupicidingaswellasthereportedphytotoxicityand
adverseeffectsonselectednontargetorganismsbydiesel
basedlarvicidingoilsweretheinitiatingfactorsforthisre
searchSincetheonsetoftheprojectwehaveevaluatedover

PresentedattheJointMeetingoftheAmericanMosquitoControl
AssociationandCaliforniaMosquitoandVectorControlAssociation
April18221982SacramentoCalifornia

2Mcntionofabrandnameorproprietaryproductdotsnot con

stitutcaguaranteeorwarrantybyLeeCountyMosquitoControl
Districtanddoesnotimplyitsapprovaltotheexclusionofother
productsthatmayalsobesuitable

3LecCountyMosquitoControlDistrictPOBox06005Fort
MyersFlorida33906

4EnvironmentalSciencesDivisionUSNavalResearchLaboratory
WashingtonDC20375

5ShcrexChemicalCompanyIncPOBox646DublinOhio
43017

6Manufacturedas acosmeticandpharmaceuticalingredientunder
thetradenameofAdol85NFbySherexChemicalCompanyInc
POBox646DublinOhio43017

RLevyCMPowe11WDGarrettandTWMillerJr

ABSTRACT

Researchanddevelopmentofliquidandsolidformulationsofthe
monomolecularorganicsurfacefilmWArosurf66E2formosquitocon
trolarediscussedwithemphasisontheirpotentialimplementatlonin
operationalmosquitocontrolprograms

50typesoforganicsurfacefilmsinthelaboratoryandfield
andhavedeterminedthatonesurfaceactivechemicalie
isostearylalcoholcontainingtwooxyethylenegroupsdesign
atedISA20Eiscosteffectiveandcanbeanacceptable
alternativetotheuseofpetroleumbasedoilsaswellasother
larvicidesusedinmosquitocontrolLevyetal1980ab
19811982ab

ISA20ELIQUIDFORMULATIONSISA20Eismanu

facturedasacosmeticingredientbySherexChemical
CompanyunderthetradenameofArosurf66E2The
efficacyofthisproductinmosquitocontrolaswellasthe
effectivenessoftheoleylalcoholindicatoroiltomonitor
fieldpersistenceofISA20Ehavebeendemonstratedat

severalmosquitocontroldistrictsinFloridaaswellasbymos
quitocontrolagenciesinotherareasoftheUnitedStatesand
OverseasISA20Eiscurrentlybeingevaluatedbygroundand
helicopterapplicationonanoperationalbasisatcertain
mosquitocontroldistrictsinFloridaunderapermitgrantedto
theOfficeofEntomologyStateofFloridabytheDepart
mentofEnvironmentalRegulationforuseof1SA20Easa
larvicideandpupicideMaterialcostperacreforISA20Eat
typicalapplicationdosagesof0204galacreisestimatedat
250500Controlofpupaecanbeaccomplishedatarate
of0102galISA20Eacreatanestimatedperacrecostof
125250 Thesecostsarepresentlycheaperthantypical
mosquitocontrolapplicationratesoftheFloridadiesel
basedlarvicidingformulationandFLITMLOandarecom
petitivewithseveralotherchemicalandbiologicalcontrol
agentsusedtocontrolimmaturemosquitoesItshouldbe
notedthathigherdosagesofISA20Eie07510galacre
mayalsobecosteffectivewhenusedindynamicpermanent
waterCulexandAnophelesspphabitatswherehighlypro
longedfilinpersistencehencemosquitocontrolwouldbe
desirableInadditionoverdosingcanbeanacceptablepro
cedureincertainsituationswherelateralexpansionofsemi
permanentmosquitohabitatsegAedesandPsorophornspp
ductopersistentrainfallisexpectedtooccurwithinafew
daysafterinitialsurfaceapplicationInthiscasehighmos
quitocontrollingfilmpressurecanbemaintainedinthenewly
floodedbreedingareaswithoutreapplicationofthematerial

Thelarvicidalandpupicidalactionofthissurfacefilmhave
beenshowntobephysicalandnottoxicinnaturebeing



relatedtohabitatsurfacetensionreductionandsubsequent
wettingoftrachealstructuresleadingtosuffocationThere
foreresistanceofmosquitoestoISA20Eisnotexpectedto
develop

FieldtrialsattheLeeCountyMosquitoControlDistrict
haveindicatedthatISA20Ecanbeappliedbyconventional
groundandaerialsprayequipmentastechnicalchemicalat
dosagesrangingfromca020050galacreorattheserecom
mendeddosagesasanagitatedISA20Ewaterbasedsuspen
sionatfinalapplicationratesof57galacretoeffectively
controllarvaepupaeandemergingadultsofAedes
AnophelesCulexPsorophoraandUranotaeniasppwith
littleornoadverseenvironmentaleffects

ItshouldbenotedthatwhenISA20Eissuspendedin
waterwithagitationitisrecommendedthatthesystembe
thoroughlycleanedofpetroleumoilsegdieselandcon
ventionalpesticideresiduespriortointroductionoftheISA
20EDieselplusISA20Epluswatercanproduceamilkygela
tinousunsprayablematerial ISA20Ecanbecomecontam

inatedwithresiduesofpesticidesleftinthespraytankfrom
priorusewhichmayresultinundesirableenvironmentaland
nontargetstressSpraysystemscanbecleanedwithcertain
solventseg2propanolorwithmultiplewashingsofISA
20Ewatersuspension Detergentssoapsareexcellentfor
cleaningISA20Efromhandsclothingetcbutarenot
recommendedforcleaningISA20EfromspraytanksDeter
gentresiduesremaininginthetankcanacttodestroythe
filmformingpropertiesofISA20Eandwillthereforeaffect
normalfieldpersistenceandspreadingrespreadingcharacter
isticsofISA20E

VigorousagitationofISA20Einthewaterwillassurea
homogeneoussuspensionandaccurateapplicationrates
Conventionalpaddleagitationandagitationbypumprecir
culationhavebeenshowntoproduceeffectiveresultsintruck
andhelicopterspraysystemsrespectivelyItshouldbenoted
thattheadditionofa30galminsubmersiblepumpinaBell
206helicopterspraytankwasshowntosignificantlyimprove
agitationovertheuseofthenormal10galminrecirculation
pumpbypassrate

AdditionalresearchbyHertleinetalunpublishedhasalso
shownthatrecommendeddosagesofISA20Ecanbeinjected
intoastreamofwaterforapplicationathighspraypressures
andvolumeswiththeuseofcommerciallyavailableinjection
valvesItisexpectedthatthesenewapplicationprocedures
willgreatlyincreasetherangeofeffectivenessofArosurf
66E2inthemosquitocontrolprograms

ISA20Eentrapmentofovipositingfemalesandresting
maleshasbeendemonstratedinthelaboratoryandobserved
underfieldconditionsThesinkingandinhibitionofeclosion
ofeggraftsofCulexspphavealsobeendemonstratedin
bioassaysaswellasunderfieldconditionswiththeuseofhigh
pressuresprayequipmentThereforeundercertainsituations
monomolecularfilmsofISA20Ecanexertanovicidallarvi
cidalpupicidalandoradulticidaleffectonnaturalmosquito
populations

Thelarvicidalactioninducedbythissurfacefilmof90
orgreaterwasobservedtooccurwithin24hrposttreatment
ieacutekillhoweverundermostfieldconditionsthis
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levelofmortalitywasusuallyobtainedwithin4872hrpost
treatmentiedelayedkillForthemostparttherateof
mortalitywasattributedtospeciesinstarstageofdevelop
menthabitatoxygenlevelshabitatsurfacecharacteristics
andclimatologicalfactors Highpupalmortalityusually
occurred24hraftertreatmentProlongedpersistenceofISA
20Eathighfilmpressureundermostenvironmentalcondi
tionswasshowntoproducethesustainedphysicalimpacton
immatureswhenanacutelarvicidaleffectwasnotachieved

ISA20Ehasbeenreportedtopersistinavarietyofnatural
habitatsfrom210daysatrecommendeddosagesHowever
atanydosagesustainedwindfetchwasobservedtoadversely
affectapplicationanduniformwatersurfacecoverageby
translocatingandcompactingtheISA20Eindownwindareas
Thiswascompoundedwhenhighconcentrationsoffloating
organicandinorganicdebrisandvegetationwaspresentinthe
habitatWhenwindvelocitywashighanddirectionalforex
tendedperiodsrespreadingofISA20Etodisplacedareas
couldnotoccurandsubsequentcontrolofimmaturesin
locationsoflittleornofilmpressurewaspoorForthemost
partthiswasnotasignificantproblemunderconditionsof
fluctuatingwindspeedanddirectionhoweveradelayed
larvicidalresponsewasusuallyobservedConditionssuchas
drainageoverflowandrunoffhavealsobeenshowntoad
verselyaffectfilmperformanceincertainhabitats

ISA20ESOLIDFORMULATIONSSincemortalityof
naturalpopulationsoflarvaeexposedtoISA20Ecouldbe
delayedandwasthereforeafunctionoffilmpersistence
researchwasconductedtodetermineifasolidbiodegradable
matrixcouldbedevelopedforthereleaseofmonomolecular
filmsofISA20Eforthemaintenanceofhighfilmpressureon
immaturemosquitoesforprolongedperiodsandthereby
compensateforthelimitingeffectsofpersistentwindrunoff
andoverflow Toeffectthedesireddispersalmechanism
ISA20Ewasformulatedwithseveraldispersantsbinders
andstabilizingcomponents Theresultantsolidsemisolid
matriceswereevaluatedunderlaboratoryandfieldconditions
againstlarvaeandpupaeofAnophelesCulexAedesand
Psorophoraspptodetermineifastablemosquitocontrolling
monomolecularfilmcouldbeconsistentlyreleasedforex
tendedperiodsThefollowingsetofcriteriawerethebasisof
evaluatingtheperformanceofover25solidformulations
AneffectivesolidformulationofISA20Eshould1Be
composedofnonionicandnonreactivecomponentsforusein
avarietyofwaterqualitysituations2releasesurfacefilms
forprolongedperiodsunderawiderangeoftemperatures
3releasesurfacefilmsforprolongedperiodsafterexposure
todryingandrefloodingconditions4maintainasolid
consistencyandreleaseminimaldosagesafterlongterm
fieldexposure5releasemonomolecularfilmsuponcontact
withwaterwithlittleornodelay6haveapersistentlarvi
cidalandpupicidaleffectagainstawidevarietyofmosquito
species7benontoxicbiodegradableandproducelittleor
noadverseenvironmentalimpactafterprolongedfielduse
8becapableofbeingfabricatedintobeadspelletsblocks
andcylindersforavarietyofapplicationtechniques9have
astableshelflifeafterprolongedstorageatambienttemper
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atures10andbecomposedofmaterialsthatarecommer
ciallyavailableatareasonablecost

Initialfieldtrialswereconductedwiththreefloatingsolid
formulationscontaining3050ISA20Ethatwereanchored
inanupwindlocationin70mstandingpaudalpondscon
tainingvariousamountsoffloatingandemergentvegetation
Resultsofthesetestsagainstmixednaturalpopulationsof
AnquadrirnaculatusAncruciansandCxcrruticusindicated
thatISA20Ecouldbereleasedfroma280290gbiodegradable
matrixforoverfivemonthsunderfieldconditionsandcontrol
90100oftheimmaturesItshouldbenotedthatweekly
spraytreatmentofISA20Eatadosageof04galacrewas
requiredtoachievethislevelofcontrolAlthoughprolonged
filmreleasewiththesolidsweredemonstratedthematrices

softenedtoorapidlyandreleasedanexcessamountofsurface
film Thereforetheseformulationswerenotsuitablefor
operationalmosquitocontrol IncooperationwithSherex
ChemicalCompanywehavegreatlyimprovedtheconsistency
ofthematrixandtherateoffilmreleaseTodateover

25solidshavebeenevaluatedinthelaboratoryagainstCulex
and4edesspptodeterminewhichformulationsadequately
meetthecriteriawehaveestablishedforaeffectivesolid

LaboratorytestsagainstlarvaeandpupaeofAeaegypti
withseveral057gsolidformulationscontaining4050
ISA20Ehaveindicatedthatastableandeffectivemosquito
controllingsurfacefilmcanbemaintainedincontainersfor
25monthsandproducecumulativemortalityoflarvae
pupaeandemergingadultsof90100Similarresultswere
obtainedintestsagainstAetaeniorhynchusandCxquin
quefasciatus Theentrapmentofovipositingfemalesof
CxquinquefasciatusonsurfacefilmsofISA20Ereleasedby
thesolidshasalsobeendeinostrated

PreliminaryfieldtestsinsaltmarshesagainstAetaeniorhy
chuswith515gcubesand280290gcylindersoftheseform
ulationsindicatedthatmonomolecularfilmsofISA20Ecan
bereleasedforextendedperiodstocontrollarvaeandpupae
insemipermanenthabitats Resultsindicatedthatcertain

formulationsarestableenoughtoreleasesurfacefilmsafter
beingsubjectedtoperiodsofdryingandrefloodingSimilar
resultswereobtainedintestsagainstPscolumbiaeandPs
ciliataItshouldbenotedthattheeffectiveuseoftheindi
catoroilinmonitoringthereleaseof1SA20Efromsolid
formulationsanditspersistenceinamosquitohabitathave
beendemonstratedAlthoughtheresultsoftestswiththese
formulationsareextremelypromisingandindicatetheir
potentialuseincertainsituationsforseasonlongmosquito
controlfromoneapplicationproblemsconcerningmatrix
dissociationafterprolongedexposuretowaterhavetobe
solvedbeforereliableformulationscanbedevelopedforuse

inoperationalprograms Fieldtrialswithnewsolidsare
scheduledforthissummerItshouldbenotedthatISA20E

intermittentdripdispensingsystemscanbeusedtomaintain
persistentfilmpressureforseveralmonthsinhabitatssuch
aspaludalpondsandirrigationandsewagetreatmentsystems

InsummaryresearchattheLeeCountyMosquitoControl
DistricthasshownthatArosurf66E2isasafeandeffective

productforuseinmosquitocontrolprogramsSolidformul
ationsofthismonomolecularsurfacefilmareexpectedto
greatlyincreasetherangeofitseffectivenessaswellasreduce
applicationcosts
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COMMITTEEACTIVITIESOFTHECALIFORNIAMOSQUITO
April1981April1982

ANDVECTORCONTROLASSOCIATIONINC

ThispastyearwasveryactiveformanyoftheCommittees
oftheCaliforniaMosquitoandVectorControlAssociation
IncThesuccessofanyAssociationisnormallyequaltothe
amountofeffortputforthbyitsmembershipandtheCMVCA
isaprimeexampleofasuccessfulassociationduetoitsfirm
committeefoundation

Thefollowingisareviewofthemajoraccomplishmentsand
activitiesofthevariouscommitteesfor19811982year

BUDGETANDEXECUTIVETheBudgetandExecutive
CommitteeischargedwithpreparingtheAgendaforthe
BoardofDirectorsMeetingspreparationandanalysisofthe
budgetandthecoordinationandstimulationofCMVCAacti
vities

AlthoughtheCommitteeaccomplishedmanytasksduring
theyearthesinglemostimportantaccomplishmentwasthe
establishmentofasalaryandbenefitpackagefortheAssoci
ationOfficeSecretary

COMPUTERCOMMITTEEThisCommitteeschargeisto
maintaincommunicationandcoordinatetheprogramactivities
ofmosquitoabatementdistrictswhichmayacquireacom
puterdevelopastylemanualforprogrammingdevelopa
communicationsprogramupdatetheCMVCAprogramdisc
andprovidetrainingbypersonalcontactandorseminarsor
workshops

DuringthepastyeartheCommitteesetupacomputer
programforregistrationattheCMVCAAMCAAnnualConfer
enceTheyplantoupdatetheCMVCAcomputerdiskand
haverenamedit CMVCAComputerCommitteeResource
Disk Astylemanualiscurrentlyunderdevelopmentand
reviewbytheCommittee

CONTROLCOMMITTEESBiologicalControl The

CommitteeiscurrentlyworkingonacontinuationofBio
BriefswithGaryReynoldsofOCVCDasEditorandthepre
parationofaseriesofonepagenotesonbiologicalcontrol
agentsotherthanfishTheCommitteeheldaonehalfday
workshopinconjunctionwiththeSOVEinJanuary1982
Theworkshopemphasizednewfindingsinmosquitocontrol
usingfishandoperationalimplementationofthesefinding
ChemicalControlKeptabreastofchemicalscurrentlybeing
usedformosquitocontrol

IVicePresidentCaliforniaMosquitoandVectorControlAssoci
ationInc

FrankWPelsue1

SoutheastMosquitoAbatementDistrict
9510SoGarfieldAvenueSouthgateCalifornia90280
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PhysicalControl TheCommitteediscussedtheprevention
andcontrolofmosquitoesindairywastepondsspecifically
manureseparationsystemsweedcontrolandmaintenance
andfloatingmatteragriculturallandsubdivisionandunder
groundutilityvaults Recommendationsonthesematters
willbeforthcoming

COOPERATIVE PLANNING COMMITTEETheCo

operativePlanningCommitteeworkingwiththeEnvironment
Committeehascreatedthebeginningofadatabaseofrareand
endangeredspeciesthatcouldbeaffectedbyvectorcontrol
activities Acomputerprogramhasbeencreatedbythe
Committeestoallowvectorcontrolpersonnelaccesstothe
databaseinordertodetectanypotentialimpactonrareor
endangeredspeciesbyanyofthevectorcontrolmetho
dologies TheCommitteemetwithwildliferepresentatives
andtheyallconcludedthatacomputerizedapproachtode
tectingpotentialenvironmentalproblemsresultingfromvector
controlisappropriatethesystemshouldbeexpandedwhere
possibletoincludelocalinformationaboutdistributionof
rareandendangeredspeciesandthatthesystemcannot
replacetheimportantpersonalcontactthatshouldbeestab
lishedbetweenvectorcontrolagenciesandwildlifepersonnel

ENTOMOLOGY COMMITTEEThe Committee co

sponsoredalongwiththeBiologicalControlCommitteeand
SOVEourAnnualConferenceheldinJanuaryof1982

ENVIRONMENTCOMMITTEEThisCommitteehasbeen

workingcloselywiththeCooperativePlanningCommittee
thisyearondevelopmentofacomputerprogramforevalu
ationoftheimpactofvectorcontrolactivitiesonrareand
endangeredspecies

EQUIPMENTCOMMITTEEThechargeofthisCom
mitteeistostudyvarioustypesofcontrolequipmentandre
porttothemembershiponimportantinnovationsordevelop
mentsHoweverthisyeartheywereprimarilyinvolvedwith
equipmentusedbythecentralofficeprincipallyprinting
equipmentandaccessoriesTheyhavedoneanoutstanding
jobofevaluatingtheprospectivepurchasesoftheAssociation
inregardstoprintingequipment

LEGISLATIVECOMMITTEEThisCommitteehasper
formedanoutstandingservicetotheAssociationbykeeping
themembersabreastoflegislativedevelopmentsandworking
closelywiththeAssociationslegislativeadvocate Many
legislativebillswerereviewedwithsomeofspecialinterestto
theCMVCASenateBill618HazardWasteControlweare

attemptingtoamendthebilltoexemptvectorcontrol



110

agenciesthataresignatorytothecooperativeagreement
fromthefeesandmonthlyreportingrequirementsAvector
controlfundingbillAB1662didnotmakeitoutofCom
mitteeandwasfiledintheinactivetwoyearfileSB65the
EmergencyInvasionbillinvolvingcataliticconverterson
vectorcontrolagenciesvehiclespassedthelegislatureex
emptingvectorcontrolagenciesfromtherequirementof
havingcataliticconvertersonsprayvehicles

LOCAL ARRANGEMENTS ANDPROGRAMCOM

MITTEESBothCommitteesworkedinconcerttolocatethe
siteanddeveloptheprogramforthe50thAnnualConference
oftheCMVCAinajointmeetingwiththeAMCAatthe
CapitolPlazaHolidayInnSacramentoCaliforniaApril18
221982

PUBLICATIONSCOMMITTEEThiscommitteespent
muchtimeandeffortingettingtheprintingoperationgoing
againbyconferringwiththecentralofficepersonnelandthe
SecretarylendingtheirexpertiseandvaluableadviceThe
Committeeeditedthepapersforinclusioninthe49thPro
ceedingsandrecommendedthatthe45daysgivenauthors
tosubmittheirpapersforpublicationberidgedlyenforced
TheCommitteealsoworkedonthepreparationofthe1981
82Yearbookthepublicationofwhichwasimminent

RESEARCHCOMMITTEETheCommitteeischarged

withthedeterminationoftheresearchandtechnicaldevelop
mentalneedsofCaliforniamosquitoandrelatedvectorcon
trolTheCommitteereviewedindepththeresearchproposals
submittedbyresearchscientistsforfundingviamosquito
researchfundsprovidedbytheStateofCaliforniaFollowing
theirreviewofproposalstheCommitteeratestheproposals
andmakesrecommendationstothevariousUniversityCom
mitteesthatreviewandmakethefinalrecommendationsfor
moquitoresearchfundallocations

WAYSANDMEANSCOMMITTEEThisCommittee
workedmostoftheyearonthenewcentralofficeThe
CommitteerecommendedthatKathyMorrisonberetained
totrainthenewOfficeSecretaryAftermuchdiscussion
recommendedthepurchaseofacollatorandinstalledsamein
thecentralofficeTheCommitteewaschargedwithstudying
thecorporatememberduesstructureandmakingappropriate
recommendationstotheBoardofDirectors

FISCALINFORMATIONCOMMITTEEThisCommit
teehasbeencompilingfiscaldatafromquarterlyreports
submittedbyeachvectorcontrolagencyThisinformation
istobeusedindealingwiththelegislatureinanynewfunding
bills

AlloftheCommitteesaretobecommendedfortheout
standingaccomplishmentsachievedthisyear



PUBLICATIONPOLICIESANDINFORMATIONFORCONTRIBUTORS

THEPROCEEDINGSistheProceedingsandPapersof
theCaliforniaMosquitoandVectorControlAssociationInc
OnevolumeispublishedeachyearIntendedcoveragebycon
tentincludespapersandpresentationsoftheAssociations
AnnualConferencecontributionsandmeritoriousreports
submittedfortheconferenceyearandasynopsisofactions
andachievementsbytheAssociationatlargeduringthepre
cedingyear

CONTRIBUTIONSArticlesarcoriginalcontributionsin
thefieldofmosquitoandrelatedvectorcontrolprovidingin
formationandbenefittothediverseinterestsintechnical
developmentoperationsandprogramsandmanagement
documentationPapersoncontroversialpointsOfvieware
acceptedonlyasconstructiveexpositionsandareotherwise
generallydissuadedasisthecasewithanexcessivenumberof
papersononesubjectorbyoneauthorwhereimbalance
mightensueAlthoughpreferenceisgiventopapersofthe
conferenceprogramacceptabilityforpublicationrestson
meritdeterminedonreviewbytheeditorsandthePublica
tionsCommittee

MANUSCRIPTSThediversityofinterestsandfieldsof
endeavorrepresentedbycontributorsandreadershipofthe
ProceedingsprecludesstrictconformanceastostyleAuthors
shouldrefertorecentissuesofMosquitoNewsforgeneral
guidanceAuthorsoftechnicalpapersshouldfollowthebasic
recommendationsaspresentedintheCouncilofBiology
EditorsStyleManualAuthorsshouldsubmitanoriginalon
whitebondpaperwithoneadditionalcopyAllpartsof
manuscriptstexttablesreferencesandIcgendsmustbe
typeddoublespacedwithamplemarginsAvoidfootnotesin
textAuthorshouldindicatewithpencilinthemarginsthe
approximatepositionsdesiredforillustrationsandtables

Thecompletescientificnameofanorganismmustbegiven
thefirsttimeitisusedTcrmscommonlyabbreviatedin
specificfieldsshouldbegiveninfullthefirsttimeusedfol
lowedwiththeabbreviationTheabbreviationaloneisaccept
ableinfurtherusageinthepaperCommonlatinabbreviations

etalegieetcarenotitalicizedUseofthemetric
systemisencouragedThebilettersystemofgenericabbrevia
tionsisusedforCulicidac

Allmanuscriptswillbeeditedtoimprovecommunications
ifneededEditorsarebiasedagainstverbosityorneedlesscom

TABLES Tablesaretypedonseparatesheetsplacedin
correctsequenceinthetextandshouldbelimitedtothose
strictlynecessaryTablesmadeupbytheauthorintheform
oflinedrawingsforphotocopyareacceptableGraphsandline
drawingsshouldbepreparedwithregardtotheultimateprint
edsizeofonecolumn314orpagewidthof7inchesas
appliestocolumnsoftabledata

Submittedfiguresasmapsandchartsshouldnotexceed
812X1122X28cmwithlabelsandlineweightadaptedto
thepublishedsizeTotalpagespacefortablesandfiguresmust
necessarilybelimitedbythceditors

ILLUSTRATIONS Illustrativematerialmustbemailed

flatAcopyforuseofreviewersisdesirableFiguresshouldbe
numberedconsecutivelyIllustrationspreparedforprintingas
linedrawingsarcpreferredbutthoserequiringhalftonesare
acceptableTitleslegendsorotherheadingsshouldbegrouped
accordingtothearrangementofthefiguresandaretyped
doublespacedonaseparatesheetatthcendofthepaperAs
withtablestheillustrationsshouldbeplannedtofitreason
ablythewidthofonecolumn3 oronepage7 Figure
numbersaswellasauthorsnameandpapertitleshouldbe
writteninbluepencilonthebackofeachillustration

PROOFANDREPRINTSAuthorswillreceivepageproof
aswellasanorderblankforreprintswithascheduleof
chargesAuthorsshouldnotmakemajorrevisionsoftheir
workatthisstageProofswithcorrectionsifanyshouldbe
returnedwithin10daystotheprinterCMVCAPRESS197
OttoCircleSacramentoCalifornia95822
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plexityorjargonGrammarwillbecorrectedifnecessary
Articlesneedingextensiveeditingornotconformingtostyle
andinstructionswillbereturnedtotheauthorforcorrection

Manuscriptsshouldbesubmittedtotheeditorwithin45
daysaftertheAnnualConferencetoensurepublicationMail
allmaterialtotheCMVCAPRESS197OttoCircleSacra
mentoCalifornia95822

ABSTRACTSOnlytechnicalpapersneedbeaccompanied
byanabstractwhichshouldnotexceed3ofthelengthof
thearticleWhenanahstractissubmittedforpublicationin
licuofapapertheahstractlengthmaybeextendedIfpossi
blethejournalwherethepaperistobepublishedinfull
shouldbestated


