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AsProgramChairmanIwouldliketoextendmyapprecia
tiontoallthatparticipatedinthepresentationofpapersand
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TheCaliforniaMosquitoandVectorControlAssociationis
inastateoftransitionWearemovingawayfromourstated
andunstatedobjectivesandbecomingmorepoliticallycon
sciousandactiveOurobjectivesandconcernsaremoving
awayfromsolvingourtechnicalproblemstosolvingtheprob
lemofoperatingonlimitedresourcesOurnonprofitassocia
tionshouldbeprovidingservicestoitsmembersand1believe
thattheCMVCAwillbemeasuredinthefuturebyhow
wellwemeetourmembersneedsandhelpsolvetheirprob
lemsWearegettingtothepositionofourmemberspaying
duesnotbecausetheyareloyalbutbecausetheyexpect
results

ToprovidetheseservicesthereisaneedforanExecutive
DirectorAdministratoroftheCaliforniaMosquitoandVector
ControlAssociationwhosedutyandresponsibilitywillbeto
providecoordinationcontinuitydirectionandcontrolof
associationactivitiesAtpresentthereisnoonepersonthat
isprovidingthatservicetotheAssociationThereisnoofficer
oftheCMVCAthathastimetocoordinateandhavea

thoroughknowledgeoftheCMVCAWiththefragmenta
tionofdutiesbetweenwidelygeographicallydispersedoffi
cersadegreeofcoordinationisrequiredthatisnotbeing
metEachoftheofficerstakestimeoutfromhisDistrictjob
toperformdutiesoftheAssociationwhichanExecutive
DirectorcouldbeperformingThereforetheCMVCAis
costingeachofourDistrictsaconsiderableamountbeyond
dueseachyearconsideringtheamountofcommitteework
etcdonebyeachDistrictThiswillprovideanoperational
planfortheCMVCAsimilartotheoperationalplanswe
haveforourDistricts

TheJointPowersSelfInsuranceProgramhasanadministra
torHeprovidescoordinationanddirectionoraplanforthe
VCJPAThisadministratorandconsultantsarepaidoutof
thepremiumspaidbytheselfinsuranceprogramparticipants

1Presentedatthe48thAnnualConferenceoftheCaliforniaMosqui
toandVectorControlAssociationattheQualityInnHotelAnaheim
CaliforniaJanuary20231980

PRESIDENTIALADDRESS

GilbertLChallet

OrangeCountyVectorControlDistrict
PostOfficeBox87SantaAnaCalifornia92702

1

January20 231980

ItissuggestedherethattheExecutiveDirectorforthe
CMVCAandtheAdministratorfortheJointPowersSelf
InsuranceProgrambethesamepersonThispersonssalary
canbepaidjointlybytheJPAandCMVCAThiswould
insureanongoingfundingfortheExeucitveDirectorAdmin
istratorWiththiscombinationofdutiesandthefundingpossi
bilitiestheCMVCAcouldbemorecosteffectivereduce
theamountofduespaidandprovidemoreservicestothe
Associationandindividualmembers

IfwedogetonepersontoadministertheCMVCAand
theVCJPAthenweshouldhaveapermanentcentraloffice
anditshouldbeinSacramentoTheSacramentolocation
offersaneasyaccesscentrallocationthatisaccessibletostate
governmentThelegislativehappeningsinSacramentowillin
fluenceusmoreinthefuturethananyotheraspectofour
operation

AlongtheselinestherearethreeareaswhichIwouldlike
toseedevelopedasaservicetomemberagencies
1EducationSeminarsonallphasesofmanagement
2Associationfundingofspecificappliedresearch
3Astatewidecoordinateddataprocessingsystemforvector

control

IfeelthattheseareprojectsthatwillstrengthenourAsso
ciationandindividualagencies

WhataretheprospectsofdoingsomeoftheseprojectsUn
fortunatelynotgoodWithouttakingawayfromthenext
speakerDrLymanandthepaneltofollowthingsdonot
lookgoodintheimmediatefutureOurrevenuesaredownby
50percentduetoProposition13andthelittlestateaidre
ceivedbymostoftheDistrictswillbeeliminatednextyearin
allprobabilityOurindividualagencieswillsurvivebutwe
wontbedoingthejobthatwecanandshouldbedoing

Thereishopehoweverintheresourcefulnessanddeter
minationofthepeoplethatgovernmanageandworkforour
agenciesMostofourprogramsstartedonashoestringwith
meageramountsofmoneyandsurplusequipmentThrough
prudentmanagementandfiscallyresponsibleboardsthese
programswerebuiltuptobeefficienteffectivewelldocu
mentedprogramsthattheworldhasusedasamodel



IhaveappreciatedservingasPresidentthispastyearUn
fortunately1havenotdonemanyoftheprojectsthatIwould
havelikedtohavestartedMyexcuseisthatweexpendedour
entireeffortsonfightingforsurvivalatthelocalandstate
levelTheareawecanbemostproudofinaccomplishmentis
theformationoftheVectorControlJointPowersAgencyIt
wasthesheerdeterminationofWarrenCookthatforcedthis
projectthroughamazeofdifficultiesThisoneareaalonewill
havemoreaffectonourAssociationandagenciesinthefuture
thanweallrealizeatthistimeIviewtheJPAasameansto
accomplishmanycostsavingmethodsaswellasavehiclein
whichtosolveotherproblemsItcanbeusedbytheAssocia
tionasameanstoaccomplishmanyofitsgoals

Anotherareainwhichweaccomplishedagreatdealisthe
legislativeareainwhichBillHazeltinespenthundredsof
hoursBecauseofhiseffortsSenateBill382madeitasfaras
itdidandthelegislatorsbecameveryawareofmosquitoand
vectorcontrolinthestateThisisevidencedbythetaskforce
reportthefollowingspeakerwillcommentonAlsohespent

manyhoursscreeningandlobbyingonlegislationthatwould
affectourDistricts

Thelastareainwhichweaccomplishedsomethingisinthe
StateVectorBiologyandControlSectioncutbacksWhilewe
didntsavemanyjobsandareasoftechnicalexpertisewe
awokethelegislatureandsomeoftheBureaucratstothe
broadsupportthisvitalgroupofpeoplehasinthestateInall
thismessofProposition13andtheVBCScutsDonWomel
dorfsupportedourDistrictsandeffortsIthankDonforthis
dedicatedeffortthispastyear

Anotherareawhichmadegreatheadwaybutinwhichwe
hadlittleinfluenceisthecoordinationandcommunicationof
UniversityofCaliforniaresearchRussFontainehasdonean
outstandingjobthisyearasevidencedbytheMosquitoRe
searchAnnualReportandMosquitoResearchHilites
ThanksalsotoBillHazeleurwhohelpedpromoteandexpedite
theseefforts

InconclusionIthanktherestoftheAssociationfortheir

supportandwishtheincomingofficersgoodluck



ASSESSMENTOFTHERELATIVEVALUEOFALTERNATIVEAPPROACHESFOR

SURVEILLANCEANDPREDICTIONOFARBOVIRALACTIVITY

OnJune61978Proposition13waspassedintolawin
Californiaandresultedina53decreaseinthelocaltaxfund

ingbaseformosquitocontrolOfficialandpublicconcerns
wereexpressedthatmosquitobornediseaseepidemicswould
developWenowhaverecordsofmosquitopopulationsand
theactivityofmosquitobornediseaseorganismsfortheen
suing2yearsVectorpopulationsandencephalitisviralactivi
tyhaveresurgedovermuchofCaliforniabutanepidemichas
notoccurredThispresentationwillassesstheabovedevelop
mentsandtheneedtomaintainacontinuedsurveillanceand
predictiveprogramassuchactivitiesareessentialtothesuccess
ofvectoranddiseasecontrol

InformationRoutinelyUsedforArboviralSurveillanceAs
background5typesofinformationareusedroutinelyinarbo
viralsurveillanceTable1Indicesofimportantenvironment
alfactorsareprovidedby2sourcesTheUSWeatherBureau
compilesprecipitationandtemperaturedataTheDepartment
ofWaterResourcesDivisionofFloodManagementprovides
informationconcerningfloodforecastsandthevolumeof
waterthatisorprobablywillbeavailableinthemajorwater
resourcesofthestateAknowledgeoffloodingandtheavail
abilityofexcessorcheapwaterforirrigationindustrialand
domesticusecanbeusedtopredictthedevelopmentoflarge
populationsofdiseasevectorsVectorcontrolagenciesand
personsconcernedwithdiseasepredictioncloselyfollow
recordsonwateravailabilityinthewinterandspringTherela
tionshipsofexcesswatertohighvectorpopulationsandhigh
encephalitisratesinpastyearshavebeenwelldocumented
Reeves1970Hightemperaturesareessentialforrapid
growthofvectorpopulationsandrapidmaturationofviruses
toinfectivelevelsinthevectorAgaintheserelationshipsare
welldocumented

Table1Categoriesofinformationroutinelyutilizedin
arboviralsurveillanceinCalifornia

1Waterresources

2Temperatures
3Economicresources

4Vectorpopulations
5Viralactivityin

aVectors

bSentinelhosts

cClinicalcases

Thesestudies weresupportedinpartbyResearchGrantAI03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesandGen
eralResearchSupportGrantISO1FR05441fromtheNationalInsti
tutesofHealthandspecialStatefundsformosquitocontrolresearch
appropriatedannuallybytheCaliforniaLegislature

WilliamCReevesandMarilynMMilby
UniversityofCalifornia

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthBerkeleyCalifornia94720
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Thethirdvariableistheeconomicresourcesthatareavail

ableforvectorcontrolTherehasalwaysbeenaconcernof
howtheannualincreasedcostsofcontrolwouldbemetHow

everwheneconomicresourcesweredrasticallyreduced2
yearsagothisfactorbecameevenmoreimportantStatetax
sourcesmaybefurtherreducedbyfuturelegislativeandpublic
mandatesuchasProposition9ontheJune1980ballotSuch
actionwouldcompoundthedecreaseinfundingforvector
controlItisobviousthattheavailabilityofeconomicre
sourcesforvectorcontrolhasbecomeasimportantafactor
influencingtheoccurrenceofvectorbornediseasesaswere
otherrecenteventssuchasthedevelopmentofinsecticidere
sistanceinthevectorsorlegalrestrictionsontheuseofin
secticidesforvectorcontrol

Thefourthfactorthatismonitoredisthelevelofvector
populationsTherelationshipofvectorpopulationstoviral
activityhasbeenwelldocumentedOlsonetal1979Ifthere
arefewornovectorstherewillbereducedviralactivityand
ifvectorsareabundanttheremaybeanincreasedviralactivity
anddiseaserisktomanandequinesThemostfeasibleindex
ofvectorpopulationsthathasemergedoverdecadesofre
searchandcontrolevaluationistomeasurethenumberoffe

malevectorscollectedperlighttrapnightThisindexisused
asaweeklymovingindicatorofpopulationchangesthrough
thesummer

Thepreceding4itemsaremoreorlessindirectbutareread
ilyavailablepredictormeasuresThemostdirectapproaches
aretodetermineviralactivityandthisrequiresspeciallabor
atoryresourcesandtechnicalstaffTheindicatorsmostcom
monlyusedare
1Isolationandidentificationofvirusfrommosquitopools
2Detectionofantibodiesastheydevelopinsentinelflocks

thataresubjecttoinfectionbymosquitovectors
3Diagnosisofclinicalcasesinhumansequinesorotherver

tebratehosts

Theremainderofthispaperwillfocusonthemeasuresof
thesevariablesthathaveaccumulatedinthepast3yearsThe
specificitysensitivityandfeasibilityofeachofthesesurveil
lancemeasureswillbediscussedThepurposeofthediscussion
istostressthatsurveillanceisabasicpartofprogramsfor
vectorcontrolandhealthmaintenance

DevelopmentsPostProposition13Waterresourcesand
temperaturearerelativelyorcompletelyunaffectedbyPropo
sition13Wateravailabilityandtemperaturesinthepast
severalyearshavebeenatorabovenormalandthusfavored
increasedviralactivity

Aswasstatedearliertherewasa53reductioninthe
economicresourcesfromlocaltaxrevenuesthatsupportmos
quitopestabatementdistrictsinCaliforniaSupplemental
statefundswereawardedforaninterimperiodbutthe
futureforfurthersupplementationisuncertainThespecifics



ofthesedevelopmentsaredocumentedinanumberofreports
andinmuchmoredetailthancanbedoneinthisbriefpresen
tationItmustbeexpectedthatamajorreductioninresources
willbereflectedinafurtherdecreasedlevelofmosquito
control

RecordsshowthatCulextarsalispopulationshaveincreased
eachofthepast2yearsinthemajorityofmosquitocontrol
jurisdictionsintheCentralValleyofCaliforniaTable2
Vectorpopulationsinmanydistrictsarenowatorabovethe
levelspreviouslyassociatedwithhighlevelsofviraltransmis
sioninbasiccyclesTable3In1979insomeareasindices
approachedlevelsthatwereassociatedwiththeoccurrenceof
clinicalcasesinmaninearlieryearsOlsonetal1979Reeves
19681970

In1979thelevelsofviralactivityincreasedalongwithin
creasesinvectorpopulationsDrEmmonsreportedonthere
coveriesofWesternequineencephalomyelitisWEEvirus
from113poolsofmosquitoesprincipallyCxtarsaliscollect
edthroughoutthestateEmmonsetal1980StLouisen
cephalitisSLEviruswasrecoveredfrom29poolsofCxtar
saliscollectedinSouthernCaliforniaInfectionratesforWEE

virusinKernCountyexceeded11000vectorsatseveralsites
thatweresampledeachsummermonthandreachedapeak
rateofalmost150at1sitebyearlyfallInfectionratesof
11000vectorstestedoccurredinotherregionsofthestate

In197931sentinelchickenflockswereplacedinrepre
sentativeareasofthestatefromShastaCountyinthenorthto
ImperialCountyinthesouthTable4and5Monthlyblood
sampleswerecollectedandtestedforantibodydevelopment
toWEEandSLEvirusesattheDepartmentofHealthServices
andourlaboratoriesSixteenofthe31flockswerelocatedat

thesamesitesasin1977and1978andsignificantincreases
intheWEEviralinfectionrateswereobservedin1979Table
6Therehadbeennoevidenceofviralactivityin1977In
197826ofthebirdsbecameinfectedTherewasafurther

overallincreaseto47in1979Thetestsindicatedthathigh
ratesofinfectionhadoccurredwithWEEvirusinallregions
sampledandthatthehighestrateswereintheCentralValley
regionTheonlyregionwithanysignificantevidenceofSLE
infectionwasinImperialCountywhere58ofthebirdsbe
cameinfectedHoweveranoccasionalbirddevelopedwhat
appearedtobeSLEantibodyintheSanJoaquinandSacra
mentValleySuchfindingsmayindicatetherewasaverylow
levelofSLEviralactivityinthemostnorthernregionThe
SLEfindingsareofsufficientimportancethattheyarethe
subjectofongoingresearchtoclarifytheirspecificity

Therewasastatisticallysignificantcorrelationbetweenthe
levelsofCxtarsalispopulationsandthelevelsofviraltrans
missiontosentinelchickensTable4Thesitesatwhichvirus
transmissiontookplaceallhadseasonallighttrapindicesin
therangethatwaspreviouslyassociatedwithmaintenanceof
WEEviraltransmissioncyclesReeves19681970Onesite
wherenobirdsbecameinfectedhadalighttrapindexbelow1
pertrapnight

WehaveanextensivesurveillanceprograminCaliforniato
identifysuspectclinicalcasesandtosubjectthemtoextensive
diagnostictestsDrEmmonshasreportedonthedetailsof
thisprogramanditsfindingseachyearEmmonsetal1980
Wethinkitisanimportantserviceandasthoroughasisprac
ticalThepredictivevalueofthisactivityisthatifclinical
casesareidentifiedearlyinthesummeritisprobablethat
morewilldevelop

Table2SeasonallighttrapindicesofCulextarsalisfe
malesfrom22mosquitocontrolagenciesintheCentral
Valley19771978and1979

Agencyandtraprecord 1977

SacramentoValley

ButteRural

ColusaRural

GlennRural

LosMolinasRural

SacramentoYoloUrban

ShastaUrban

SutterYubaUrban
TehamaUrban

NorthernSanJoaquinValley
EastsideUrban

MercedRural

SanJoaquinUrban

TurlockUrban

SouthernSanJoaquinValley
ConsolidatedUrban

DelanoRural

DeltaUrban

FresnoUrban
FresnoWestsidcUrban

KernRural

KingsUrban

MaderaUrban

TulareUrban

WestSideUrban

WEEvirusactive

SLEvirusactive

Humancases

303w

24w

119w

06

03

40w

08

107s

01

22

02

01

00

05

01

00

06

72w

04

04

08

16w

1978 1979

446csw

159w

456esw
59w

41w

23w

38w

95w

01

40

03

01

01

52w

02

01

28w

73w

12w

03

17w

16w

wIndexhighenoughforWEEviralactivityinbasiccycles

sIndexhighenoughforSLEviralactivityinbasiccycles
cIndexhighenoughforhumanencephalitistooccur

15

1

1

338w

353w

611c

69w

85w

51w

39w

88w

03

60w

04

01

01

86w

01

00

19w

105w

10w

08

39w

42w

Table3Expectedviralactivitybasedon1979seasonal
lighttrapindicesforCulextarsalisfemales22CentralValley
mosquitocontrolagencies

Expectation Noofagencies

InearlierpublicationswedeterminedthelevelsofCxtar
salispopulationsthatwereassociatedwiththeoccurrenceof
humanandhorsecasesSuchindiceswerereachedinafew

regionsoftheCentralValleyin1979Fortunatelyonly1hu
mancaseofWEEwasidentifiedTherewasanincreaseof

provenWEEinhorsesEighteencaseswerediagnosedin1979
ascomparedwith12in1978and1in1977Thehorsecases
werepredominantlyfromregionsintheSacramentoorNorth
ernSanJoaquinValleyswhereCxtarsalisseasonalindices
werethehighestinthestate

Unfortunatelyithasnotprovenfeasibletoobtaincurrent
dataonthesusceptibilityofhumanpopulationsintheageand
occupationalgroupsmostlikelytodevelopWEEorSLEWe



Table4CorrelationsofseasonalfemaleCulextarsalislighttrapindicesandproportionsofchickensinfectedwithWEEvirus
CentralValley1979

SeasonalLightTrapIndex ChickenInfection

Rank Cxtarsalispertrapnight Rank

1 150 2

2 122 11

3 87 14

4 67 15

5 52 12

6 51 16

7 40 13

8 26 55

95 17 1

95 17 85

11 16 7

125 12 17

125 12 26

145 10 205

145 10 4

16 9 225

17 8 25

18 4 225

205 3 205

205 3 19

205 3 3

205 3 55

24 2 18

24 2 285

24 2 85

27 1 10

27 1 24

27 1 27

29 1 285
9

9

havereasontobelievethatthereareveryfewimmunesinthe
generalpopulationofCaliforniatodayIftruetherearemany
peoplewhowoulddevelopencephalitisifinfectedandwehave
projectedestimatesof1000ormorecasesiftheattackrates
thatprevailedinthe1950srecurredtodayReevesandMilby
1979Tocarryoutanannualsurveyofimmunityinrepre
sentativesamplesoftheresidentsofthestatewouldbecostly
butausefulsurveillanceprocedureforpredictivepurposes

CommentsontheComparativeValuesoftheSurveillance
MethodsSomebriefcommentsshouldbemadeonthecom
parativevalueoftheabovemethodsThemeasuresofwater
availabilityandtemperatureprovidethecheapestsurveillance
dataaslargeandseparatelyfundedagenciescollecttheinfor
mationforotherpurposesThedataaretheleastspecifically

5

WEEpositive
88

50

43

39

46

36

44

67

92

57

63

35

14

24

74

21

17

21

24

29

86

67

32

0

57

52

18

4

aRankcorrelationcoefficient45p05

bPositivebybothimmunoflorescentandplaquereductionneutralizationtests

0

5

0

County

Buttc

Colusa

Sutter
Kern

Glenn

Yuba

Fresno

Yuba

Kern

Colusa

Kern

Butte

Kern

Placer

Kern

Kern

Yuba

Yuba

Butte

Kern

Kern

Kern

Imperial
Tulare

Shasta

Butte

Shasta

Riverside

Kern

Riverside

SanDiego

relatedtovectorsanddiseaseprevalencebutareavailableat
theearliestdateThesemeasuresareavailablebeforethe

developmentofvectorpopulationsordiseasetransmission
Thustheyareindirectpredictorsbutvaluable

Indicesofavectorpopulationaretedioustocollectand
analyzeThelighttrapshavetheadvantagethattheymeasure
bothdiseasevectorandpestpopulationsofmosquitoesThus
resultantdataarevaluablefordiseasepredictionandarealso
usedtoevaluatetheeffectivenessofthecontrolofmost

speciesThedataidentifyareasmostinneedofintensified
controlThusthecostaspectsofsuchprogramscanbedivid
edamongtheseveralpurposesTheindicesofCxtarsalispop
ulationsallowthepredictionofprobablelevelsofencephalitis
viralactivityTheindicesallowanevaluationofsuccessin



Table5WEEserologicalconversionratesinsentinel Table6Comparisonofsentinelchickenserologicalcon
chickensCalifornia1979 versionratesforWEEvirusbymosquitoabatementdistrict

Area

SacramentoValley
SanJoaquinValley
SouthernCalifornia

Total

No

flocks

15

12

4

No

birds

331

244

87

7oinfected1
Total Range
sample flock

43

41

9

1788

092

032

31 662 38 092

1Positivebybothimmunofluorescentandplaquereductionneutral
izationtests

holdingavectorpopulationatorbelowthresholdlevelsthat
havebeenassociatedwiththedevelopmentofclinicalcases
orepidemics

Theseveraldirecttestsofviralactivityeachhavetheiruses
andlimitationsIfasufficientnumberofmosquitopoolscan
becollectedandtestedeachweekencephalitisvirusescanbe
isolatedearlyinthesummerSuchisolatesusuallywillprecede
orcoincidewiththefirstevidencethatsentinelflockshaveex

periencedinfectionItisnotfeasibletobleedandtestsentinel
flocksonaweeklybasisanditrequiresupto2weeksafterin
fectionforabirdtodevelopunequivocallevelsofantibodies
Weeklysamplingof10or20poolsof50Cxtarsaliseachfrom
asitewillreliablyyieldviruswheninfectionratesareator
above1500to1100Wheninfectionratesarebelowthese

levelsoritisnotpossibletocollectandtestmosquitosamples
ofthismagnitudethesentinelflocksofferthemostsensitive
viralsurveillanceprocedureForexampletherewereserolo
gicalconversionsinsentinelflocksatanumberofsitesin1979
wherelighttrapindiceswerebelow10pertrapnightTable
4Itwouldbeimpossibletocollectasizablenumberofmos
quitopoolsatsuchsitesInadditionanisolationfromamos
quitopoolindicatesthereisavirussourceintheareabutdoes
notprovideanindexofviraltransmissionratesbythevector
populationDevelopmentofantibodiesinasentinelbirdisa
measureofviraltransmissionAntibodytestscanyieldnon
specificreactionsbutanidentifiedviralisolationfrommosqui
toesisspecificThusthe2surveillancemethodsdifferintheir
specificityandsensitivityTheycomplimentratherthanre
placeeachotherThemosteffectivesurveillancesystem
shouldincludebothmeasuresaswellasaprogramforclinical
casefindinganddiagnosis

Wecannotevaluatethevirulenceofthevirusesthatprevail
inanareaotherthantodetectanddiagnoseclinicalcasesof
encephalitisTheCenterforDiseaseControloftheUnited
StatesPublicHealthServiceinFortCollinsColoradois
developingalaboratoryvirulencemarkersystemforSLE
virusesItwouldbeamajorstepforwardifprocedureswere
availabletodeterminethatvirusesisolatedfrommosquito
samplesarelikelytoproduceclinicaldiseaseanddeathsin
manandequines

CommentsonMalariaWewouldfeelguiltyofaserious
omissionifnomentionwasmadeofthepotentialparallel
developmentsinmalariainourstateTherehasbeenasignifi
cantincreaseinthenumberofimportedcasesAtthiswriting
theDepartmentofHealthServiceshasreported318casesfor
1979andin1978theyreported226casesSuchcasescanbe

6

MAD

Butte

Glenn

SutterYuba

Kern

Total

19771979

chickensWEEpositive
Noflocks 1977 1978 1979

4 0

1 0

3 0

8 0

16 0

25

43
36

19

26

Includesonlyflockswhichhavenotmoved

Plaquereductionneutralizationtestresultsonly

52

46

33

49

47

asourcetoinfectlocalAnophelesSimultaneouslytheDe
partmentofHealthServiceshassummarizedthelevelsof
AnophelesfreeborniperlighttrapnightintheSacramento
ValleyareaThecountsin1978and1979werehighinmany
areasandtherewassomeincreasein1979Itwillrequirea
majoreffortandfinancialinvestmenttomaintainsurveillance
andtopreventtheoccurrenceofmalariatransmissioninthis
regionThereisalwaysthepotentialthatmalariacouldagain
becomeendemicThusthesituationisequallyseriousasthat
forencephalitisalthoughmoreregionallyfocused

ConclusionsInconclusionwebelievethatwehavean
excellentandeffectivesurveillancesystemformosquitoborne
diseasesinCaliforniaanditshouldbemaintainedThepresent
discussionillustrateshowsuchactivityallowsthepredictionof
diseaseoccurrenceassistsinevaluatingchangesincontrolpro
gramsandprovideshistoricaldocumentationofsuchchanges

Thesurveillancesystemissolidlybasedinaknowledgeof
theepidemiologyofthediseasesanddemonstratesthatthe
controlmethodsareeffectiveThemaintenanceofthesurveil

lancesystemwillnotbecheapasitwillrequireinvestmentof
increasinglyscarceeconomicresourcesbybothlocalandstate
levelsofgovernmentItwillbedifficultattimestodecide
whethertobuyanotherbarrelofinsecticideortomaintaina
surveillancesystem

Itisworthwhiletorecallthatthecontrolofencephalitisin
thisstatewassuccessfulReeves1976ReevesandMilby
1979Thealternativetomaintainingthissuccessfulprogram
appearstobetoacceptthattherewillbeaconstantdecrease
intheeffortInsuchaneventdiseasessuchasencephalitisor
malariaprobablywillreturntotheirformerendemicandepi
demiclevelsWebelievethecurrentobservationsthatvector

populationsandviralactivityhaveincreasedcanonlyreflect
thataresurgencehasbeguntooccurFurtherdecreasesinthe
resourcesforcontrolorayearofexcesswaterprobablywill
resultinanepidemicunlessacostlyemergencycontrolpro
gramcanbefinancedandcarriedoutatsuchtimesEmer
gencyprogramsforcontrolofanongoingepidemicusually
aretoolateandarerelativelyineffectiveSomeofourvector
controlagencieswillhaveadifficulttimecontrollingthe
vectorsproducedinayearofaveragewateravailabilityThe
presentconcertedeffortthatisbeingcarriedoutlocallyand
statewidetoassurethatfinancialmeanswillbefoundto

maintainvectorcontrolprogramsmustbepursuedvigorously
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ThisisthetenthreportsummarizingtheDepartmentof
HealthServicesDOHSannualcollaborativeeffortswith
othergroupsonarbovirussurveillancesinceaninterestin
determiningmosquitovectorinfectionlevelswasrevivedin
1969Asusualourstudieswerecorrelatedwiththeworkof
localmosquitoabatementdistrictsMADsCountyHealth
DepartmentstheUniversityofCaliforniaBerkeleySchoolof
PublicHealthArthropodBorneVirusResearchUnitUCB
SPHAVRUprivatephysiciansandveterinariansCalifornia
DepartmentofFoodandAgricultureandotherconcerned
individualsandagenciesDespiteeconomiclimitationsonthe
extentoffieldandlaboratoryworkwhichwaspossibleause
fulsurveillanceprogramwasaccomplishedSpecialassistance
bytheUCBSPHAVRUwasprovidedviasupplementalfield
collectionsandamicrobiologistwhodidmuchofthemosqui
totestingandsentinelchickenserologictestsduringthe
summerperiod

During1979342patientsthroughoutCaliforniawere
testedbytheStateandCountyviruslaboratoriesforwestern
equineencephalomyelitisWEEStLouisencephalitisSLE
andotherpossiblecausesofencephalitismeningitisherpes
mumpsleptospirosisenterovirusesetcTable1Asusual
aselectionofthosecasesforwhichtheetiologycouldnotbe
determinedbystandardtestswillbesubsequentlytestedby
theUCBSPHAVRUforantibodytootherarthropodborne
virusesbesidesWEEandSLETherewere12humanbrain
samplesand2humancerebrospinalfluidsamplestestedin
sucklingmiceforarbovirusesbutallwerenegative

ViralandRickettsialDiseaseLaboratorySection
2VectorBiologyandControlSection
3VeterinaryPublicHealthUnitInfectious DiseaseSection

7

ReevesWC1970EvolvingconceptsofencephalitiscontrolinCali
forniaProcCalifMosqControlAssoc3736

ReevesWC1970Currentobservationsonmosquitobornevirusesof
concerntomosquitoabatementdistrictsinCaliforniaProcCalif
MosqControlAssoc3869

ReevesWC1976ArbovirusresearchinKernCountyCaliforniathe
evolutionofinterestsanddiscoveriesovermorethan40yearsProc
CalifMosqControlAssoc442628

ReevesWCandMMMilby1979Encephalitisviralactivityand
vectorpopulationsinCaliforniapresentandfutureconcernsProc
CalifMosqandVectorControlAssoc4716

OnlyonehumancaseofWEEwasfoundin1979a63year
oldwomanfromSacramentoCountywhobecameillabout
September7andwashospitalized8dayslaterbecauseof
vomitingfevercranialnerveabnormalitiesandprogressive
aphasiaandmentalchangesRecoverywasslowOnlyasingle
serumsampletakenOctober1wasavailablefortestingA
complementfixingCFWEEantibodytiterof132anin
directfluorescentantibodyIFAWEEtiterof1128andan
IgMspecificIFAWEEantibodytiterof132wereshownin
dicatingrecentinfectioneventhoughcompleteserologic
studiesonpairedseracouldnotbedone

Twopersonswerefoundtohaveratherhighbutstationary
levelsofSLEantibodybyCFIFAandneutralizationtests
butnoSLEspecificIGMIFAantibodythusindicatingpast
infectiononlya41yearoldmanfromRedBluffanda51
yearoldwomanfromtheSacramentoareaA112yearold
boyhospitalizedwithmeningitisinaMexicalihospitalin
JulyhadpairedseraandarectalswabsubmittedviatheIm
perialCountyHealthDepartmentTherectalswabyielded
anisolateofECHOtype3virusbutpairedseraalsoshowed
highlevelsofSLEspecificCFneutralizingIFAandIFA
IgMantibodyindicatingrecentSLEinfectionItwasnotclear
whetherhisdiseasewasduetoSLEvirusECHO3virus or

bothbutSLEvirusinfectionclearlyhadoccurredduringthe
pastyearinMexicali

Therewere74equinestestedserologicallyforWEEduring
theseasonand18equinebrainsamplesweretestedinsuckl
ingmicenoarboviruseswereisolatedTherewere18equines
consideredpositiveorpresumptivepositiveforWEEbasedon
risingorhighstationaryCFandIFAantibodytitersAddition
altestshemagglutinationinhibitionmethodontheseequines
andtheabovementionedhumanseraareinprogressbythe
UCBSPHAVRUtohelpcompletetheserologicstudiesThe
equinecasesoccurredinthefollowingcountiesSacramento



AlamedaCo 8

Berkeley 10

Butte 16

ContraCosta 2

ElDorado 7

SanLuisObispo 7

SantaClara 3

SantaCruz 14

Shasta 9

Siskiyou 1

Sonoma 1

Stanislaus 2 1

Sutter 6 1

Tulare 1 1

Tuolumne 2 2

Fresno 51 3 4 7 8 10 10 6 2

Humboldt 1 1

Imperial 11 1 2 1 1 1 1

Inyo 1 1

Kings 1 1

Lake 2 1 1

Lassen 1 1

LosAngelesCo 49 1 3 4 4 8 13 11 5

Mendocino 3 2 1

Merced 11 1 5 2 1 2

Ventura 1 1

Yolo 15 1 2 2 2 2

Sacramento 17 1 1 4 5 3 2

SanBernardino 18 2 2 7 4 1 2

SanDiego 28 5 7 10 3 3

SanFrancisco 5 3 1 1

SanJoaquin 9 1 2 1 1 3 1

Table1HumanstestedserologicallyformosquitobornearbovirusdiseasebytheViralandRickettsiaDiseaseLaboratory
SectionCaliforniaStateDepartmentofHealthServicesandbyCountyHealthDepartmentlaboratoriesbycountyandmonthof
illnessonsetCalifornia1979

Coun Totals JanFeb MarchApril May June July Aug Sept Oct NovDec Unknown

Totals 342 2 4 5 13 27 41 44 51 64 43 20 2 26

MostorallseratestedbyCountyHealthDepartmentlaboratory

8



Table2Positiveandpresumptivepositivecasesofwesternequineencephalomyelitisinequines California1979

CaseNo
Countyof
Occurrence

1 Imperial 14mosM 061079

ElCentro
2 Sacramento 1yrM 070979

ElkGrove

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Butte

Chico
Shasta

Cottonwood
Kern

Bakersfield
Yolo

Davis
Sacramento

Galt
SanJoaquin
Tracy

SanJoaquin
Acampo

Stanislaus

Oakdale
SanJoaquin

Sacramento

Folsom
Stanislaus

Riverbank
Madera

Chowchilla
Solano

Dixon
Modoc

FortBidwell
Sacramento

ElkGrove
Fresno

Fresno

aComplementFixationTest

bindirectFluorescentAntibodyTest

Ageand Dateof

Sex Onset

3yrsM

5yrsF

2yrsM

1yrF

18mosF

1yrF

9yrsF

1yrF

4yrsF

4yrsM

6yrsG

6yrsF

6mosM

5yrsF

5yrsF

18mosM

071179

080179

080279

080279

080879

080979

081279

081279

082079

082979

082479

090879

090379

082179

092279

100479

4SanJoaquin3Stanislaus2andImperialButte
ShastaKernYoloMaderaSolanoFresnoandModoc1
eachTable2

Intotal79785mosquitoes1810poolsweretestedfor
virusesalmostentirelyrepresentingonly4speciesCulextar
saltsCulexpipienscomplexCulexpeusandAedesmelan
imonTables3and4Therewere190virusisolatesiden
tified114WEE36Turlock26SLE9HartPark4Californ
iaencephalitisgroupand1BunyamweragroupTable5

9

WEE

Vaccination

History

None

070979

None

None

1978

Nonein1979

None

None

None

None

None

None

None

Unknown

None

None

None

None

None

061479

071679

071879

073079

091979

071279

080679

080479

082579

080979

082079

080379

081479

080979

082479

081679

082479

081379

081479

081479

090579

082179

083179

082979

091379

082479

092279

090879

092179

090479

091779

082479

092879

092579

100879

100479

101979

Date
SerologicalResults

132 164

1128 1128

164 11024

1128

116 1256

1128 1512

164 1512

1128 1512

164 1256

132 1256

164 1256

164 1256

164 1256

164 164

1256 1256

164 1128

164 1128

1128 1512

1128 11024

18 18

1256 1256

132 I32

1128 1512

132 1128

164 1256

18 18

132 1256

116 132

164 164

132 132

1256 1512

164 1512

164 1512

132 164

1256 11024

18 18

1256 1128

TheStateVirusLaboratoryalsoparticipatedinachicken
flockserologicsurveillanceprogramduring1979incollabora
tionwiththeUCSPHAVRUinvolving15flocksintheSacra
mentoValley12intheSanJoaquinValleyand4inSouthern
CaliforniaThebirdswerebledmonthlyfromJunethrough
OctoberandseroconversionstobothSLEandWEEviruses
weredemonstratedinall3regionsbyboththeplaque
reductionneutralizationmethodandtheIFAmethodwhich
wasbeingevaluatedforthefirsttimeforthispurposeThe



Butte

Colusa

Fresno

Glenn

Imperial
Kern

Kings

LosAngeles
Merced

Orange
Placer

Riverside

SanBernardino

SanJoaquin

SanDiego
Sacramento

Shasta

Stanislaus

Sutter

Tchama

Tulare

Yolo

Yuba

MohaveAZ

YumaAZ

6225

4772

130

1000

5744

7369

223

15

550

76

1431

14150

2540

1510

193

1196

1920

2927

4658

1665

4476

1432

2657

93

102

125
98
3

20
164
153

6

1 10 1
11
3

34
289 127 5

57
38 112 5

9
33 22

50 714

78 526

100 50

35
96 201

35
56
4
2

816 31
601 13
162 6

718 15

25 1

1099 28

68 4

100 6

3980 80

1921 40
15 1

144 4

183 6
829 17

10205

4772
130

1000

6761

9891
400

50

26 1 576

126

2530

14277

2540

1834

193

1241

2634

3736
5537

1665

4677

205
98
3

20
200
206

13

3
12
4

62
294

57
51

9
36
67

104
118

35
100

1432 35
3375 71

93 4
110 3

Table3NumberofmosquitoespoolstestedbycountyandspeciesbytheViralandRickettsialDiseaseLaboratorySection
CaliforniaDepartmentofHealthServices1979

County

TOTALS

Culex

tarsalis

includes2015Aedesvexans
includes501Culexerythrothorax

Culex

670541500 4067114

pipienscomplex Deus

IFAmethodisrapidandcanbeperformedonatimelybasis
Despitesomeproblemswithnonspecificresultsatlowserum
dilutionswhichmustbeworkedouttheIFAmethodappears
tobesufficientlysensitiveandaccurateforuseasaserologic
surveillancetoolinthefutureDetailsofchickenseroconver
sionsbyregionandmontharegiveninthepaperbyWC
ReevesandMMMilbyinthispublication

Aspecialeffortwasmadethisyeartoprovidemoretimely
andcurrentinformationontheresultsofthesurveillancepro
gramtointerestedgroupsBesidesprompttelephonedreports
totheMADsdirectlyinvolvedofpositivemosquitopools
humanandhorsecasesandchickenseroconversionsaweekly
summaryreportwaspreparedandmailedtoallgroups19
issuesfromJune1toOctober19

Forthe1980seasonwehopesufficientfundingwillbe
availabletocontinueasimilarlevelofmosquitoandchicken
flocksurveillanceandthattheseindicescanbeusedmore
selectivelyandefficientlytogetthemaximuminformation

10

Culex

1315 41

Aeries

melanimon TOTALS

7098 149 797851810

atminimumcostTheresurgenceofWEEvirusactivityseenin
thepast23yearsandthecontinuingSLEvirusactivityalong
withthedifficultiesinmaintainingadequatemosquitosup
pressionwarnthatCaliforniasbattlewitharbovirusenceph
alitisisnotyetdone

AcknowledgmentTheassistanceandcooperationofmany
staffmembersoftheViralandRickettsialDiseaseLaboratory
theVectorBiologyandControlSectionandothersinthe
CaliforniaDepartmentofHealthServicesoflocalmosquito
abatementdistrictscountyhealthdepartmentstheCalifornia
DepartmentofFoodandAgricultureotheragenciesandpri
vatephysiciansandveterinariansincarryingoutthesurveil
lanceprogramaregratefullyacknowledgedThecontribution
ofDaleVDonderoandPatriciaBoehmeinconductingchick
enflockserologictestsIFAmethodandthemosquitovirus
testingportionofthestudyandsummarizingtheresultsis
especiallynoted



Table4NumberofmosquitoespoolstestedbyspeciesandmonthbytheViralandRickettsiaDiseaseLaboratorySection
CaliforniaDepartmentofHealthServices1979

April May June July August September October Totals

Culextarsalis 141431384180 10286234 15647342 18558427 13587302 3721 84670541500
pipienscomplex161 6 101 660 27 67 3 1499 36 877 21 793 204067 114
pens 46911 37 2 569 8 1315 41

Aedesmelanimon 1832 37 1407 30 1865 39 648 15 1346 287098 149

TOTALS 157537385181 13247309 17409383 22491522 15352346 5860132797851810

Julytotalincludes501Culexerythrothoraxand2015Aedesvexans

Table5Viralisolatesfrommosquitopoolstestedduring1979bytheViralandRickettsialDiseaseLaboratorySectionCali
forniaDepartmentofHealthServices

Identifying Date Number Agent
Number County Place Collected Species inPool Isolated

E02304 Riverside Blythe 0522 Cxtarsalis 50 Turlock
102526 Riverside Mecca 0522 50 BunyamweraGp
E02527 Riverside Mecca 0522

46 fl

50 HartPark
E02529 Riverside Mecca 0522 50 Turlock
E02532 Riverside Mecca 0522

46

50 Turlock

F02533 Riverside Mecca 0522 Cxtarsalis 30 Turlock
EJ2203 SanBernardino Needles 0530

44 11

50 Turlock
E02204 SanBernardino Needles 0530 50 Turlock
E02208 SanBernardino Needles 0530 44 ft

50 Turlock
E02209 SanBernardino Needles 0530 50 Turlock

E02210 SanBernardino Needles 0530 Cxtarsalis 50 Turlock
E02212 SanBernardino Needles 0530 50 Turlock
E02213 SanBernardino Needles 0530

44 SI

50 Turlock
E02214 SanBernardino Needles 0530 f1

50 Turlock
E02216 SanBernardino Needles 0530 64 II

50 Turlock

S926013 Butte Graylodge 0604 4emelanimon 50 CalifGpS926045 Imperial NewRiver 0606 extarsalis 50 Turlock
S926048 Imperial NewRiver 0606

46 II

50 Turlock
S926049 Imperial NewRiver 0606 44 If

50 Turlock
E01100 Imperial AlamoRiverCalexico 0613 50 WEE

E01001 Imperial AlamoRiverCalexico 0613 Cxtarsalis 53 WEE
E01103 Imperial BrockmanRdGreesonWA 0613 23 WEE
E01108 Imperial HoveleyRdNewRiverBr 0613 50 WEE
E01109 Imperial HoveleyRdNewRiverBr 0613

64 11

50 WEE
E01114 Imperial BrockmanRdNewRiverBr 0613 64 1f

50 WEE

E01120 Imperial BrockmanRdNewRiverB 0613 atarsalis 50 WEE
E01115 Imperial IIDVillage 0614 46 ft

50 WEE
E01132 Imperial ImperialCountyPark 0614

66 fl

50 WEE
E01133 Imperial ImperialCountyPark 0614 50 WEE
E01134 Imperial ImperialCountyPark 0614

44 11

50 WEE

E01138 Imperial ImperialCountyPark 0614 Cxtarsalis 50 WEE
E01141 Imperial ImperialCountyPark 0614

ff

50 WEE
E01145 Imperial ImperialCountyPark 0614 46 ft

29 WEE
E01147 Imperial Bard 0614

46

12 WEE
E01154 Imperial Bard 0614

66 11

33 WEE

E01150 YumaAZ YumaTestStation 0614 Ctarsalis 50 WEE
E01151 YumaAZ YumaTestStation 0614

44

52 SLE
E01178 Imperial NewRiverTransectTrail 0619 50 WEE
E01187 Imperial Brawley 0619 66

50 WEE
E01091 Imperial Brawley 0619

46

50 WEE

continued
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Identifying Date Number Agent
Number County Place Collected Species inPool Isolated

E01093 Imperial Brawley 0619 Cxtarsalis 45 WEE
E01094 Imperial Brawley 0619 Cxpipiens 32 WEE
E01140 Imperial NewRiverCalexico 0619 44 II

50 WEE

5926038 Sutter Deans 0619 Cxtarsalis 50 Turlock
E01129 Imperial CordaRanchHeber 0620

66 19

10 WEE

E11017 Butte GraylodgeWildlifeArea 0627 Aemelanimon 50 CalifGp
E11021 Butte GraylodgeWildlifeArea 0627 46 II

50 WEE
E02535 Riverside Mecca 0627 Cxtarsalis 50 WEE
E02545 Riverside Mecca 0627 50 WEE
E02546 Riverside Mecca 0627

64 91

50 Turlock

E02547 Riverside Mecca 0627 Cxtarsalis 50 WEE
E02549 Riverside Mecca 0627 50 SLE
102564 Riverside Mecca 0627

44

50 WEE
EO2565 Riverside Mecca 0627

46

50 WEE
E02569 Riverside Mecca 0627 50 WEE

E11025 Glenn Willows 0628 Cxtarsalis 50 Turlock
E13338 Sutter RioOso 0703 50 WEE
S926074 Sutter Deans 0709 50 WEE
S926076 Sutter Deans 0709 Aemelanimon 50 CalifGp
E13358 Colusa Colusa 0711 Cxtarsalis 50 WEE

113367 Colusa Colusa 0711 Cxtarsalis 50 WEE
E06002 Fresno Mendota 0711 53 HartPark
E11072 Shasta PanoramaPointRd 0713

44

50 WEE
I11073 Shasta PanoramaPointRd 0713 66 91

26 WEE
111075 Shasta ReadingDrive 0713

44

15 WEE

S926206 Kern Meadowbrook 0715 Cxtarsalis 50 WEE
E13403 Sacramento ElkGrove 0717 45 WEE
1311045 Tehama WoodsonBridgeStatePark 0718

66

50 WEE
E02580 Riverside Mecca 0718 II

50 WEE
E02581 Riverside Mecca 0718

66

15 Turlock

102582 Riverside Mecca 0718 Cxtarsalis 50 WEE
E02586 Riverside Mecca 0718 66 II

50 SLE
E02587 Riverside Mecca 0718

46

50 WEE
L02591 Riverside Mecca 0718

64

50 Turlock
E13406 Yuba Wheatland 0719 50 Turlock

1313404 Sutter RioOso 0719 Cxtarsalis 50 WEE
E13405 Sutter RioOso 0719 56 WEE
E13417 Sutter Trowbridge 0719 66

50 Turlock
E13418 Sutter Trowbridge 0719 50 WEE
E13106 Stanislaus Denair 0719 50 HartPark

S926210 Kern Meadowbrook 0722 Cxtarsalis 50 WEE
E00006 SanDiego SolanaBeach 0724

46

14 HartPark
E13420 Stanislaus Oakdale 0724 28 HartPark
1313424 Stanislaus Patterson 0724 50 WEE
116302 Tulare Earlimart 0725 50 HartPark

S926081 Sutter RioOso 0725 Cxtarsalis 50 HartPark
S926083 Sutter RioOso 0725 50 HartPark
S926100 Sutter Deans 0725 66

50 WEE
E11101 Butte Honcut 0725 50 WEE
E11188 Shasta ReadingDrive 0731 66

54 WEE

S926117 Yuba MarysvilleRameys 0801 Cxtarsalis 50 WEE
S926161 Sutter YubaCityYoungs 0802 50 WEE
S926167 Yuba Shintafers 0802 50 Turlock
S926180 Kern Meadowbrook 0802 50 WEE
E13456 SanJoaquin Collierville 0802 34 WEE

continued
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Identifying
Number County Place

S926191 Kern GooseLake 0805
S926192 Kern GooseLake 0805

S926213 Kern Meadowbrook 0805
E13468 Sacramento Sheldon 0807
E17002 Sutter SutterCityHowards 0807

Date Number Agent
Collected Species inPool Isolated

Cxtarsalis 50 Turlock

50 WEE

50 WEE

30 WEE

50 WEE

E13470 Placer Roseville 0808 Cxtarsalis 50 Turlock

E11200 Shasta AndersonRiverPark 0813
44 if

23 WEE
E11205 Shasta ReadingDrive 0814

11

32 Turlock

E01218 Imperial ImperialCampGround 0814 23 Turlock
E11299 Tehama WoodsonBridgeStatePark 0815 50 WEE

E01216 Imperial BrockmanRdGreesonWash 0815 Cxtarsalis 37 SLE
E01221 Imperial BrockmanRdNewRiverBr 0815

44 11

50 SLE
E01226 Imperial GreesonWashNewRiver 0815 50 SLE
E01227 Imperial GreesonWashNewRiver 0815 35 WEE
E01220 Imperial BrockmanGreesonWash 0816 50 SLE

E01231 Imperial BrockmanRdNewRiver 0817 Cxtarsalis 50 SLE
E01236 Imperial Brawley 0817 10 SLE
E01239 imperial NewRiverTransect 0820 50 SLE

E01240 Imperial NewRiverTransect 0820 Cxtarsalis 50 WEE

E01241 Imperial NewRiverTransect 0820
66

50 WEE
E01242 Imperial NewRiverTransect 0820 50 SLE
E01244 Imperial NewRiverTransect 0820 50 WEE
E01245 Imperial NewRiverTransect 0820 50 SLE

E01248 Imperial MitchellsCamp 0820 CStarsalis 43 SLE
E01250 Imperial GilmoresCamp 0820

44

51 SLE
E13497 Placer Roseville 0821 36 Turlock
E13504 Placer Lincoln 0821 50 WEE
E11224 Shasta Anderson 0821 52 WEE

E11227 Shasta Anderson 0821 Cxtarsalis 49 WEE
E02595 Riverside Mecca 0822 46

50 SLE
E02597 Riverside Mecca 0822 50 Turlock
E02598 Riverside Mecca 0822 50 WEE
EO2602 Riverside Mecca 0822 64

50 SLE

E02604 Riverside Mecca 0822 Cxtarsalis WEE
E02609 Riverside Mecca 0822 50 WEE
E02610 Riverside Mecca 0822 50 SLE
E02613 Riverside Mecca 0822 50 SLE
E02614 Riverside Mecca 0822 50 WEE

E02625 Riverside Mecca 0822 Cxtarsalis 50 SLE
E02221 SanBernardino Needles 0824 50 SLE
E02223 SanBernardino Needles 0824 50 SLE
E02227 SanBernardino Needles 0824 50 WEE
E02229 SanBernardino Needles 0824 50 SLE

E02230 SanBernardino Needles 0824 Cxtarsalis 37 SLE
E02233 SanBernardino Needles 0824 50 SLE
E02234 SanBernardino Needles 0824 50 WEE
E02235 SanBernardino Needles 0824 35 SLE
E02237 SanBernardino Needles 0824 36 WEE

S926223 Kern SmithsPasture 0826
S926225 Kern SmithsPasture 0826
S926228 Kern CamelliaGrove 0826
S926234 Kern GooseLake 0826
S926236 Kern GooseLake 0826

continued
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66 11

66 11

66 11

50 WEE

50 WEE

50 WEE

50 Turlock

50 WEE



Identifying Date Number Agent
Number County Place Collected Species inPool Isolated

S926238 Kern Meadowbrook 0826 lemelanimon 50 WEE

S926240 Kern Meadowbrook 0826 50 CalifGp
S926241 Kern Meadowbrook 0826 Cxtarsalis 50 WEE

S926242 Kern Meadowbrook 0826 50 WEE

S926243 Kern Meadowbrook 0826 50 WEE

S926255 Kern LADuckClub 0826 Cxtarsalis 50 WEE

113525 Yolo Zamora 0827 50 WEE

E02334 Riverside Riverside 0829
44 19

50 Turlock

I02335 Riverside Riverside 0829 50 HartPark

E02219 SanBernardino Needles 0830 50 Turlock

E16308 Tulare Earlimart 0904 Cxtarsalis 50 WEE

L16311 Tulare Earlimart 0904
44 II

50 WEE

L16315 Tulare Earlimart 0904 40 WEE

E11320 Colusa Colusa 0905
44 91

50 Turlock

I16213 Kern FCTracy 0905
44 II

50 WEE

E16214 Kern FCTracy 0905 Cxtarsalis 50 WEE

E16219 Kern TracysGooseLakeRanch 0905 50 WEE

I16324 Tulare Teviston 0910
19

50 WEE

E16329 Tulare Teviston 0910
44 if

50 WEE

E16330 Tulare Teviston 0910 50 WEE

E16332 Tulare Teviston 0910 Cxtarsalis 50 WEE

E16335 Tulare Teviston 0910 50 WEE

E16336 Tulare Teviston 0910
it II

50 WEE

E16341 Tulare Teviston 0910 50 WEL

E16226 Kern LADuckClub 0911
64 19

50 WEE

E01273 Imperial GilmoresCamp 0912 Cxtarsalis 50 WEE

E16348 Kern Delano 0917 50 WEE

E16355 Kern Delano 0917
46 41

50 WEE

E16359 Kern Delano 0917 50 WEE

E16360 Kcrn Delano 0917
44 11

50 WEE

E16369 Tulare Earlimart 0917 Cxtarsalis 50 WEE

E16373 Tulare Earlimart 0917 50 Turlock

I16374 Tulare Earlimart 0917
44 11

50 WEE

E16376 Tulare Earlimart 0917 50 WEE

E16240 Kern NorthfieldFarms 0918
44 IS

50 WEE

E16242 Kern NorthfieldFarms 0918 Aernelanimon 25 WEE

E16381 Kern Delano 0924 Cxtarsalis 50 WEE

E02239 SanBernardino Needles 0926 20 SLE

E02250 SanBernardino Needles 0926 50 WEE

E11238 Shasta Anderson 0927 20 Turlock

E18008 Kcrn Delano 1001 Cxtarsalis 15 WEE

E18005 Tulare Teviston 1001 50 WEE
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DEMONSTRATIONOFTRANSOVARIALTRANSMISSIONOFCALIFORNIAENCEPHALITIS

VIRUSINEXPERIMENTALLYINFECTEDAEDES1IIELANLIUON

MichaelJTurellJamesLHardyandWilliamCReeves

UniversityofCalifornia
NavalBioscicncesLaboratoryandDepartmentofBiomedicalandEnvironmentalHealthServices

SchoolofPublicHealthBerkeleyCalifornia94720

Overthepast15yearsLaCrosseLACvirushasbeenthe
agentmostconsistentlyassociatedwithhumancasesofarthro
podborneviralencephalitisintheUnitedStatesOver800
cr3esofecephalit3havebunattributedtcthisvirusinre
portsfromtheCenterforDiseaseControl1978since1964
MostcaseshaveoccurredintheMidwestespeciallyinthearea
betweenOhioandMinnesota

LaCrossevirusisamemberoftheCaliforniagroupofar
bovirusesandtheprototypeforthisgroupCaliforniaenceph
alitisCEviruswasfirstisolatedinKernCountyCalifornia
in1943HammonandReeves1952Serologicstudiesreport
edin1952showedthatapproximately11oftheresidents
ofKernCountyhadbeeninfectedwithCEvirusHammon
ReevesandSather1952Inadditionwhilenearlyallcasesof
infectionwithCEvirusaresubclinical3casesofencephalitis
havebeenattributedtothisvirusHammonReevesand
Sather1952

WhilehumaninfectionsoccurwithCEvirusinvestigations
ofpotentialvertebratehostshaveimplicatedgroundsquirrels
andjackrabbitsinKernCountyHammonReevesandSather
1952andjackrabbitsintheSacramentoValleyHardyetal
1977From1970197446strainsofCEviruswereisolated
fromAemelanimoncollectedintheSacramentoValleyand
Aemelanimonwasfoundtofeedfrequentlyonjackrabbits
Hardyetal1977ThusthenaturalcycleofCEvirusinthe
CentralValleyofCaliforniaappearstobebetweenAemelan
imonandjackrabbitsorgroundsquirrelsHumaninfections
probablyresultfrombitesofinfectedAemelanimon

Onequestionthatremainstobeansweredconcerningthe
epidemiologyofCEvirusintheCentralValleyofCaliforniais
HowdoesthevirussurviveduringthewinterwhenAe
melanimonisinactive Themostlikelymechanismisthatthe
virusistransmittedtransovariallybyinfectedAemelanimon

1Thisstudy wassupportedinpartbyfundsfromtheUSArmy
MedicalResearchandDevelopmentCommandContractNoDAMD
1777C7018fromtheNationalInstituteofAllergyandInfectious
DiseasesResearchGrantA103028fromtheOfficeofNavalResearch
andbyspecialfundsformosquitocontrolresearchappropriatedannu
allybytheCaliforniaLegislature

ABSTRACT

TransovarialtransmissionofCaliorniaencephalitisCEviruswas
showntooccurinAedesmelanimoncollectedintheSacramentoand

SanJoaquinValleysandexperimentallyinfectedwithvirusinthe
laboratoryWhenparentalfemaleswereinfectedwithCEvirusbyintra
thoracicinoculationapproximately16oftheirprogenywereinfect
edHoweverwhenfemaleswereinfectedorallybyfeedingonablood
sucroseviruspledgetonly14oftheirprogenybecameinfected
AemelanimonisthenaturalvectorofCEvirusintheCentralValley
ofCalifornia
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andthenoverwintersinthediapausingeggTransovarialtrans
missionhasbeendemonstratedbothundernaturalandex
perimentalconditionsforseveralCaliforniagrouparboviruses
intheirnaturalvectorsWattsetal1973Cahoon1978
HoweverithasnotbeenshownforCEvirusinAemelani
monInanattempttodemonstrateitover25000Ae
melanimonlarvaeandpupaewerecollectedintheSacramento
ValleyandrearedtoadultsNoneoftheseadultswasfoundto
beinfectedeventhoughfemalescollectedinthefieldduring
thesametimeperiodwereinfectedReevesandHardyun
publisheddataThustransovarialtransmissiondidnotappear
tobeinvolvedintheAemelanimon CEviruscycleinCali
fornia

WhileCEviruswasnotisolatedfromfieldcollectedAe

melanimonlarvaeithasbeenrecoveredfromfieldcollected
AedesdorsalislarvaeinUtahCraneElbelandCalisher1977
andwehaverecoveredCEvirusfromabout1020oftheoff

springderivedfromexperimentallyinfectedAedorsalis
Cahoon1978Ture11unpublisheddataAlthoughthissup
portstheexistenceoftransovarialtransmissionofCEvirusin
Aedestwoproblemswiththesestudiesmustbeconsidered
FirstAemelanimonnotAedorsalisisthevectorofCE
virusintheSacramentoValleyandsecondtheAedorsalis
usedinourstudiescamefromalaboratorycolonyderived

fromspecimenscollectedinSonomaCountymorethan10
yearsagoandmaynolongerberepresentativeoffieldmos
quitoes

Toevaluatefurtherthepossibleroleoftransovarialtrans
missionofCEvirusinAemelanimonadultfemalemosqui
toeswerecollectedfromtheSacramentoandSanJoaquin
ValleysinCDCminiaturelighttrapsbaitedwithdryiceAfter
themosquitoeshadbeenidentifiedandsortedfemaleAe
melanimonwereinoculatedintrathoracicallyRosenand
Gubler1974withapproximately20plaqueformingunitsof
CEvirusandplacedinaninsectarymaintainedat27Cand
80relativehumiditywitha16hourphotoperiodincluding
15minuteseachofsimulateddawnandduskAnuninfected

chickwasprovided67daysafterinoculationasablood
sourceandeggswerecollectedonmoistpapertowelingina



100mmpetridishfrom47daysafterthebloodmealAlleggs
wereallowedtomaturefor13weeksatroomtemperature
andthenwerehatchedundervacuumThelarvaewereplaced
inplasticcontainersandrearedat27CTheresultingadults
weresortedaccordingtosexandfrozenat70Cuntiltested
forvirusinpoolsof2mosquitoeseachbyplaqueassayin
VEROcellsCahoonHardyandReeves1979

CEviruswasreadilyrecoveredfromtheoffspringofex
perimentallyinfectedfemaleAemelanimonTable1Over
allthefilialinfectionratewas162 Theinfectionratesfor

progenyofAmelanimoncollectedintheSacramentoand
SanJoaquinValleyswereroughlyequal165and159re
spectivelyandtherewasnodifferenceintheinfectionrates
formaleorfemaleoffspring160and165

Table1TransovarialtransmissionofCaliforniaencephal
itistoF1progenyofexperimentallyinfectedlfemaleAedes
melanimon

Sex

Males

Females

Total

Numberinfectednumbertested infected

SacramentoValley

61386158
68398171

129784165

SanJoaquinValley

36222 162
49313 157

85535 159

1ParentalfemalesinfectedwithCEvirusbyintrathoracicin
oculation

Whilethisisstrongevidencethattransovarialtransmission
ofCEvirusoccursinAemelanimonitdoesnotproveitisa
naturalphenomenonsincethesemosquitoeswereinfectedby
intrathoracicinoculationItispossiblethatthetransovarial
transmissionobservedwasanartifactofthisinfectionprocess
InordertoexaminethispossibilityfemaleAemelanimon
wereinfectedbyfeedingthenonagauzepledgetsoakedwith
abloodsucrosevirussuspensionEggswerecollected47days
afterthepledgetfeedingAt7daysafterinfectionanunin
fectedchickwasprovidedasabloodsourceforthe2ndovar
iancycleeggsThisprocesswasrepeatedtoobtain3rdovarian
cycleeggsEggslarvaeandadultswerehandledandtestedfor
virusasdescribedearlierexceptthatadultprogenyweretest
edinpoolsof1040mosquitoeseachAsampleof38ofthe
parentalfemalesindicatedthatonly821 hadbecomein

fected

Examinationofthe1st2ndand3rdovariancycleprogeny
ofAemelanimonwhichfedonvirusindicatedthatthemini

mumfilialinfectionrateswere3648046 0565and
2537037 respectivelyIfthisiscorrectedforthefact
thatapproximately21oftheparentalfemaleshadbeenin
fectedtheminimumfilialinfectionratesforthe3ovarian
cyclesbecomes220and17 SinceMillerDeFoliartand
Yuill1979reportedthatLACvirusisnottransovarially
transmittedtothe1stovariancycleeggsfollowingoralinfec
tionthe3recoveriesofCEvirusfromthe1stovariancycle
probablyrepresentinfectedprogenyofafemaleAemelani
monwhowasinfectedpriortobeingcapturedAtthetime
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theseparentalfemaleswerecapturedthefieldinfectionrate
forCEvirusinAemelanimonwasapproximately1500
Reevesandcoworkersunpublisheddata

The14filialinfectionrateobservedinprogenyoforally
infectedmosquitoeswasaconsiderablylowerratethanthe
162thatwasobservedwhenfemaleswereinfectedbyintra
thoracicinoculationThisdifferencemaybeexplainedby
recentworkdoneinourlaboratorybyDrLKramerandco
workerspersonalcommunicationTheydemonstratedthat
thereareatleast2barrierswhichlimitthemultiplicationand
disseminationofwesternequineencephalomyelitisWEE
virusinGulextarsalisfemaleswhentheybecomeinfectedafter
ingestionoflowviraldosesConsequentlythesalivaryglands
ofsomeinfectedindividualsdonotbecomeinfectedandthey
failtotransmitWEEvirusbybiteThusinsomeCEviral
infectedparentalfemaleAemelanimonthevirusmayhave
failedtoescapethemidgutortopenetratetheovariesand
infecttheeggs

Eventhoughfilialinfectionrateswerelowinprogenyof
orallyinfectedfemaleAemelanimonthe14filialinfection
ratecouldserveasapotentialoverwinteringmechanismfor
CEvirusFurtherstudiesareneededtodeterminetheimport
anceofthisoverwinteringmechanismandtoclarifyfurther
thosefactorsthatinfluencetheefficiencyoftransovarialtrans
missionofCEvirusinAemelanimon
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EPIZOOTIOLOGYOFCANINEHEARTWORMDISEASEINNORTHERNCALIFORNIA

APRELIMINARYREPORT

RuralPleasantsValleysituatedinthefoothillsofthe
VacaMountainswasutilizedasasiteforpilotstudiesofthe
prevalenceandmosquitovectorsofcanineheartwormin
NorthernCaliforniaAhousetohousesurveyof97dogsfor
infectionwithDirofilariaimmitisandDipetalonemarecon
ditumwasconductedina26kmareaofthevalleyduring
September1979TwoautochthonouscasesofDimmitis
werediscoveredKnotttechnique 21ofdogsexamined
olderthan5monthsofageDipreconditummicrofilariae
weredetectedin51ofthedogssurveyed

MicrofilarialperiodicityinbothDimmitisinfecteddogs
wasstudiedovera24hrperioddogswerekeptintheirhome
environmentPreliminaryresultsindicatehighmicrofilaremia
3052058680mfmlandsubperiodictendencyinonedog

DepartmentofEntomology
2DepartmentofEpidemiologyandPreventiveMedicineSchoolof

VeterinaryMedicine

Apreliminarysurveytoestablishtheprevalenceofcanine
heartworminSouthernCaliforniawasconductedinthefall
monthsof1979Bloodsamplesfrompounddogsinwestern
RiversideCountyandfromdogsattendingadogheartworm
clinicineasternRiversideCountywereexaminedformicro
filariabyamodifiedKnotttechniqueDipetalonemarecon

LLWaltersMMJLavoipierreandRBKimsey
UniversityofCalifornia

DavisCalifornia95616

ABSTRACT

DOGHEARTWORMSURVEYINRIVERSIDECOUNTY

NJCorselliandEGPlatzer

UniversityofCalifornia
DepartmentofNematologyRiversideCalifornia92521

ABSTRACT
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Primarymosquitobreedingsitesdiscoveredinthesurvey
areawere5reservoirs0614haandPleasantsCreekLarval
mosquitoescollectedfromtheseandsmallerspillageareas
duringOctober1979wereAnophelesfreeborniAnfran
ciscanusAnpunctipennisCulextarsalisCxapicalisCx
peusCxpipiensandCulisetaincidens

Restingmosquitoeswerecollectedfromadoghouseand
otheroutbuildingsassociatedwith1positiveDimmitiscase
FourhundredAnfreeborniAnfranciscanusandCxtarsalis
werecollectedfromthesesitesandexaminedforthepresence
offilarialwormsBloodmealsoffreshlyfedspecimenswere
precipitintestedtodeterminehostoriginOfmosquitoescol
lectedfromthedoghouse13ofAnfreebornicontained
developmentalformsoffilariaeinthemalphigiantubules
ExceptingoneCulisetainornatanoothermosquitoeswere
foundinfectedAllAnfreebornifeedingsfromthedoghouse
wereofcanineoriginwhereasAnfranciscanusfedmostlyon
deerbovinehostsInfectiveL3formsofthedeerbody
wormSetariayehiwererecoveredfromtheproboscisof1
Anfranciscanus

ditumwasfoundin2ofthe366pounddogsDirofilaria
immitiswasfoundin3ofthe162dogsattendingthedog
heartwormclinicAtelephonesurveyofpracticingveterinar
iansinRiversideCountywasalsoconductedTwentyone
casesofDimmitisindogsnativetoSouthernCaliforniahad
beendiagnosedbytheseveterinariansinthepasttwoyears



THEUNIVERSITYOFCALIFORNIAMOSQUITOCONTROLRESEARCHPROGRAM

Thisyear1980markstheeighthanniversaryoftheUC
MosquitoControlResearchProgramfirstorganizedand
fundedbyalegislativeappropriationinfiscalyear1972To
myknowledgethereisnootherUniversitymosquitoresearch
programcomparableinsizeandscopenationallyorinter
nationally

Afewofthejuniormembersoftheaudiencemayneedto
beremindedthat1971wasnotthefirstyearoftheUniversity
involvementinmosquitoresearchItactuallydatesfrom1904
whenProfHWQuayleUCBresearchedsaltmarshmosqui
tocontrolatBurlingameSanMateoCountyInJuly1906he
publishedtheresultsofhisworkinBulletin17855pages
longincluding35figuresStudentsofmosquitohistorymay
findthisbulletininterestingreadingProfQuaylewasfollow
edbyasuccessionofUniversityscientistsdedicatedtothe
studyofmosquitoesandmosquitobornediseases WB

HermsHFGraySBFreebornWCReevesandothers
fromUCBUCDandUCRwhohaverichlyearnedwiderecog
nitionfortheircontributiontothecontrolofmosquitoesand
mosquitobornediseases

Howevermyinteresttodayisnothistoricalbutinfocusing
onthecurrentUniversitywideresearchprogramInthebrief
timeavailableIwanttoreviewthebasisforitsformationand

totouchlightlyonwhatarewedoingwhathasbeenaccom
plishedandwhatdoweforeseeforthefuture

Thebasisforthepresentcomprehensiveexpandedre
searcheffortwastheoutgrowthofatwentyyearperiodof
almostexclusiverelianceonpesticidesastheprimarystrategy
ofmosquitocontrolfromapproximately1950to1970AsI
wasinvolvedininosquitocontrolduringthisperiodinCalif
orniaandalsoinFederalandForeignServiceIcanvouchfor
thefactthatpesticidesgeneratedspectacularprogressinthe
expansionofmosquitocontrolandthesuppressionofmosqui
tobornediseasesHoweverastimewastoprovepesticides
werenotaviablelongrangestrategywhenusedonamassive
scaleanywhereItfailedinCaliforniaandalsointheUnited
StatesandoverseasTheworldwidemalariaeradicationpro
grambasedonDDTsprayingwasaprimeexampleofan
internationalfailureofthemonocontrolpesticideapproach

Thegenerallyrecognizedcausesoffailureweremosquito
resistanceincreasesininsecticidecoststheissueofenviron

mentalcontaminationandEPAconstraintsonuseandregistra
tionofnewpesticidesThesefactorsraisedimpossiblecondi
tionsandobstaclestothecontinuationofapesticidestrategy

Bythelate1960sthehighstandardsofmosquitocontrol
inCaliforniawerebeingthreatenedbydeteriorationEvena
resurgenceinmosquitobornediseaseswaspredicted

In1969thesituationwaslabeledacrisisinmosquito
control callingforextraordinarymeasuresOneCalifornia

RussellEFontaine

UniversityofCalifornia
CooperativeExtensionDavisCalifornia95616
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MADmanagerthelateRichardFrolliinatalkbeforethis
AssociationinJanuary1971characterizedtheprobleminthis
dramaticlanguage

ThesearecrucialtimesourpesticidesarefailingOur
basicsolutionsformosquitocontrolaredyingThere
sistancephenomenonhasmaturedThepasturemosqui
toandtheencephalitismosquitohavetriumphedover
spraysinmanypartsofCalifornia

Wemustchangeourbasicstrategywemustchange
ourbasicsolutionswemustchangeourdistrictimages
toonesotherthanspraydistrictsifwearetobeeffec
tiveinmosquitoabatement

Unfortunatelypracticalalternativestopesticidesthat
couldbequicklyintroducedintoroutineoperationswerevir
tuallynonexistentFortwentyyearsmosquitoresearchhad
concentratedonpesticidedevelopmentforwhichamplefund
ingwasalmostalwaysavailableButonlyminimalfunding
couldberaisedforbiologicalcontrolgeneticcontrolphysi
calcontrolandculturalcontrolresearch

FormationoftheResearchProgramInsearchingfora
solutiontotheCaliforniacrisismosquitoabatementdistricts
andthisAssociationin196919701971urgedandsupported
legislationforanexpandedresearchprogramintheUniversity
systemTomeetthecrisisheadonitwasproposedthatthe
researchbegoalorientedcoordinatedacceleratedanddirect
edtowardhighprioritycontrolproblemsofimmediatecon
cernTheparamountoverallneedwasdevelopmentofmeth
oldsandstrategiesthatwouldrelievetheMADsfromslavish
dependenceonbroadspectrumcompoundsandallowadop
tionofanintegratedcontrolstrategy

In19711972theLegislatureappropriated300000asa
specialfundontopofanearlierappropriationof100000in
1967fromtheWaterFundraisingthetotalto400000
Since1972additionshavebeenmadetotheappropriation
owingtocostoflivingincreasesTheappropriationnowstands
at500000

ToscreenandevaluatetheresearchproposalstwoUniver
sitymosquitoadvisorycommitteeswereappointedInaddi
tiontheCMVCAresearchcommitteewasrequestedtoparti
cipateintheevaluationtoprovideinputontherelevanceof
theresearchtotheneedsofCaliforniamosquitocontrolThe
threecommitteesplayanecessaryroleintheselectionand
fundingofresearchprojectsandinthetechnicalandpolicy
directionoftheprogram

CurrentResearchin1979Adetailedreviewofthecurrent

researchprojectswillbediscussedlaterintheconferenceby
theinvestigatorsdirectlyresponsiblefortheworkIwill
thereforeconfinemyremarkstoafewhighlightsonthere
searchprogramin1979

Fromtheonsetoftheprogramsixlinesofinterlocking
researchcategoriesweregivenpriorityfordevelopmentas
follows biologicalgeneticphysicalandculturalchemical



mosquitovectordiseasecontrolandmosquitobiologyand
ecology

MosquitoVectorDiseaseControlIntheareaofmosquito
vectordiseasecomprehensiveresearchonarbovirustransmis
sioniscontinuingunderDrWReevesUCBandassociates

Inadditiontwonewstudiesondogheartwormwere
approvedonthebasisofagrowingprobleminseveralregions
ofthestateincludingevidenceofhumaninfectionsDrE
PlatzerUCRisstudyingthediseaseinSouthernCalifornia
andDrELavoipierreUCDinNorthernCalifornia

BiologicalandGeneticControlBiologicalandgenetic
controlisourlargestresearchcategoryreceivingthegreatest
shareoffundsTherearesevendistinctprojectscombining
mosquitopredatorsGambusiafishandnotonectidsand
pathogensfungusbacterianematodesResearchonverte
bratepredatorsprincipallyCambusiafishisreceivingconsid
erablesupportandprogresslooksgoodAnewbioagent
Bacillusthuringiensisisraelensisisexceptionallypromising
andwillbediscussedlaterbyapanelofsixresearcherswho
haveresultstoreportonlaboratoryandfieldtrialsconducted
in1979

IdlikealsotonotethatDrEdPlatzerUCRisprepared
toinstructMADpersonnelonrearingthenematodeRonrano
mermisculicivoraxforuseinmosquitocontrolProcedures
foruseincontrolprogramsaredescribedbyDrPlatzerinthe
October1979issueofMosquitoResearchHighlights

ChemicalControlChemicalcontrolresearchshowsinter
estingdevelopmentswhichDrsCSchaeferUCBMMulla
UCRGGeorghiouUCRandBHammockUCRaresched
uledtopresentlaterintheconferenceAlthoughchemical
controlhasfallenintodisfavorbecauseofmosquitoresistance
andproblemsofenvironmentalcontaminationinsecticidesare
generallyconcededtobeessentialinmostintegratedcontrol
programsThemajorthrustofcurrentresearchisevaluationof
narrowspectruminsecticidessuchastheIGRsandecological
chemicals

PhysicalandCulturalControlPhysicalandculturalcon
trolisundoubtedlythemostpotentiallyrewardingapproach
tomosquitocontrolbutunfortunatelyourresearchprogram
hasexperiencedashortfallofsuchprojectsAtthistimewe
haveonlytwocurrentstudiesbyVincentReshUCBand
WilliamWildmanUCD

BiologyandEcologyTheimportanceofresearchinmos
quitobiologyandecologyisnotalwaysfullyunderstoodor
appreciatedHowevereffectiveplanningandexecutionof
integratedmosquitocontroldependsonathoroughknowledge
ofthebehaviorhabitsflightpatternsandothercharacter
isticsofpestanddiseasevectormosquitoesEcologicalstudies
arebeingencouragedandsupportedwhereverpossible

MiniGrantProgramToprovideopportunitiesforgradu
ateandundergraduatestudentstoconductindependentre
searchinmosquitobiologyandcontrolaminigrantprogram
wasapprovedlastyearGrantswerelimitedto75000per
applicantIn1979fiveofsixapplicationswereapprovedby
theminigrantresearchcommitteeatatotalcostof370000
Progressreportsontheresultsoftheresearchwillbeissuedin
theMosquitoResearchNewsletter

NowIwouldliketomakeafewpersonalobservations
abouttheUniversitywidecoordinatedprogramfromthe
vantagepointofacoordinator
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FirstwhywastheresearcheffortorganizedasaUniversity
widecoordinatedprogramratherthanmerelyprovidinggrants
toindividualstoconductresearchonanindependentbasis
Thisquestionhasbeenraisedandtheansweristhatthe
Universityadministrationdecidedthatacoordinatedgoal
orientedprogramwouldprovidethemosteffectivemeansfor
ensuringcompliancewiththelegislativeintentonuseofthe
fundsdesignedtomeettheurgentneedsofCaliforniamosqui
tocontrolTokeeptheprogramresponsivetotheestablished
goalresearchcoordinationdirectionandguidelineswere
adoptedandresearchmonitoringevaluationandreporting
wereincludedasconditionsofapprovalofresearchawards

BecausethefundsareStateappropriationannualprogress
reportscoveringthetotalprogramarenecessarytosatisfy
legislativeinquiriesandaccountabilityfortheexpenditureof
publicfundsTheCMVCAandmostMADsareofcourse
vitallyconcernedwithresearchresultsandhowtheinforma
tioncanheappliedtoimprovecontroloperations

MADCollaborationAgreatstrengthoftheprogramisthe
collaborationandparticipationofMADsinmuchofthe
UniversityresearchThisyearabout40ofthedistrictsin
CaliforniaparticipatedwiththeUniversityinvariousfield
trialsandstudies

1knowofnoothermosquitoresearchprograminstitute
agencyoruniversitywithasimilarexpandedliaisonand
interactionbetweenresearchersandoperatorsThecollabora
tioninteractionhasstimulatedtheparticipantsandhasexert
edapositiveinfluenceonthedirectiontrendsandprogress
oftheprogram

Thequestionisoftenraisedwhatgoodhastheresearch
doneformosquitocontrolLegislatorshavemadesimilar
inquiriesThisisalwaysatroublesomequestionbecausethe
questionerisusuallylookingforaspectacularbreakthrough
thatwillsolvealloftheproblemswithaflickofthewrist
likeDDTin1945Wellwehavenospectacularstoreport
justyet

Howeverwhatisevidentaresomenotableimprovementsin
Californiamosquitocontrolsincetheonsetofthespecialpro
gramin1971Notallbutsomeofthecreditcanbeclaimed

byresearchpastandpresentBrieflyherearesomehighlights
onthis

Publichealthmosquitocontrolhasbeenuniquelysuccess
fulMalariaexcludingimportedcasesfromoverseaswhich
exceeded300casesin1979andWesternequineStLouis
andCaliforniaencephalitishavevirtuallydisappearedfrom
theStateinrecentyearsHoweverroutinevigilanceis
maintainedtopreventadiseaseresurgencesincethefactors
responsiblefordiseasetransmission thevectorsand
reservoirsofinfection arestillpresentintheState
Asignificantdevelopmentisthedrasticreductioninorgan
ophosphoruspesticideusesince1970 adecreaseof
almost65 Anumberoffactorsbesidesresearchhavecon

tributedtothedeclineTheseincludesignificantimprove
mentsinirrigatedagriculturalpracticesleadingtomore
effectivemosquitocontrolonthefarmthroughphysical
andculturalcontrolfactors

TheStatewideDirectorofIPMProgramsUniversity
CooperativeExtensionafterreviewingmosquitocontrolin
CalifornialastyearremarkedthatMADshaveoutstripped
agricultureindevelopmentofIPMHeaddedthatthemos
quitocontrolresearchcouldserveasamodelforIPMre
searchprogramsinagriculture



AlthoughImnormallycautiousaboutpredictingthe
futureitseemstomequitecertainthatbiologicalcontrolwill
continuetoexpandasmoreinformationisdevelopedfrom
currentresearchHoweverresearchisvaluelessunlessthe

informationisputtoworkInthisrespectCaliforniaisfortun
ateinhavingprogressivemindedandresourcefulmosquito
controlmanagersandstaffwillingtorecognizeandtoreact
positivelytotheneedforchangeWeseesuchchangeinthe
actiontakentoreconstructcontrolprogramstoadoptlargely
unprovenmethodsincontroloperationsandtotaketheinitia
tivetosupportandparticipateinresearchanddevelopment

MOSQUITOCONTROLPASTPRESENTANDPROSPECTIVEFUTURE

ThomasDMulhern

VectorBiology ControlSection

CaliforniaDepartmentofHealthServices

FresnoCalifornia93727

Onehundredyearsagointheyear1880theUSAwasa
developingcountryHouseswereheatedbywoodorcoal
stovestherewerefewcentralwatersuppliesmosthomeshad
theirownwellsorcisterenstheirownindividualsewagedis
posalpriviesorcesspoolsandnoairconditioningAsresiden
tialcommunitiesdevelopedstreetdrainswerebuiltmostly
incorporatingcatchbasinstotrapgravelthatwashedoffthe
streetswithrainsUntreatedindustrialliquidwastesoften
weredumpedintothenearestbrookorriverpondsforwater
powerorstockwateringwerebuiltwhereversuitabletopo
graphyallowedsufficientwatertobecaughtborrowpits
alongrailroadandhighwayrightsofwayusuallywerenot
drainedandthesetogetherwithagreatvarietyofotherman
madewaterholdingsiteswereimportantsourcesofvector
andpestmosquitospecies

Ofcoursemosquitospeciesinitiallydevelopedinnatural
siteswhichinseasonprovidedamplehabitatstoproduce
intolerableglutsofmosquitoeswithoutanyhelpfromman
Butseveralspeciesfoundtheassortmentofmanmadehabitats
greatlytotheirlikingandquicklyadaptedtheirlifestylesto
takefulladvantageofmanscooperation notoverlooking
theconvenientfoodsupplyalsomadeavailablebyman
hisownbloodSoextraordinarypestmosquitoinfestations
andoutbreaksofmalariaandothermosquitobornediseases
werecommonandmoreorlessacceptedasinevitable

Nowmanyofthelocalitiesthatoncehadseveremosquito
problemshaveongoingmosquitocontrolbyeffectivelocal
agenciesatthispresentpointintimefewpeopleappreciate
justhowsevereseasonalmosquitoproblemswereHowever
earlierthemosquitoannoyancecausedgreatdissatisfaction
amongprogressiveindividualsandalthoughthegeneralpublic
believedthatnothingcouldbedoneaboutitthatthere
alwayshadbeenandalwayswouldbemosquitoes sites

1RetiredTechnicalConsultantMosquito Control
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Sotheattitudeofthebeneficiaryofresearchisreceptive
AllthatremainsisfortheUniversitytocontinuedeveloping
theknowledgeandmethodsWearetryingbutresearchisnot
easyIfitwereourproblemswouldhavebeensolvedlong
agoItsatoughgametobeplayedonlybypatientpersistent
andperceptivescientistsIbelievewehavetheseattributesin
ourresearchteam soImconcludingthistalkonanoptimis
ticnoteforthefutureofCaliforniamosquitocontrolresearch
andforthefutureofmosquitocontrolforwhichitwas
createdtoserve

naturallyfreeofhighmosquitopopulationstendedtoattract
homeownersandthesefavoredplacesdevelopedmorerapid
ly

BytheturnofthecenturytheLifehistoryofmosquitoes
wasquitewellunderstoodbybiologistsandmanyspecieshad
beendescribedItwasknownthatoilonthewaterofbreeding
placeswouldkilllarvaeandthatsmallfishbirdsspiders
dragonfliesandvariousaquaticinsectswerepredatoryon
mosquitolifestagesusingthesamehabitatsButnogoodplan
forcommunitywidemosquitocontrolhadbeenadvanced
until1889wheninresponsetoaninvitationissuedtowork
ingentomologiststocompeteinanationwideessaycontest
forcashprizesundertheinterestingtitleDRAGONFLIES
VSMOSQUITOESCANTHEMOSQUITOPESTBEMITI
GATEDSTUDIESINTHELIFEHISTORYOFIRRITAT

INGINSECTSTHEIRNATURALENEMIESANDARTIFI
CIALCHECKS Theprizemoney200wasprovidedby
RobertHLambornPhDandtherewasagreatresponse
ThebestessayswereselectedbythestaffoftheMuseumof
NaturalHistoryNYandtheselectedessaysprintedas
TheLambornPrizeEssaysin1890AuthorswereMrsC
BAaronArchibaldCWeeksandWmBeutenmullerAlso
includedwerealetterfromCaptCNBMaCauleyandare
printofanarticlebyHenryCMcCookDDCANTHE
MOSQUITOBEEXTERMINATED

Considerablespacehereisgiventothispublicationbecause
theseveralauthorscollectivelyshowedthatofvariousnatural
enemiesreferredtoallcapturedsomemosquitoesbutthefish
generallyweremosteffectiveonaseasonalbasisHowever
withoutadditionalmeasurestheycouldnotprovidesufficient
reductionofthemosquitopopulationsOilsandpyrethrum
weregivenaseffectivelarvicidesandthebeneficialeffectsof
watermanagementbydrainagefillingandcirculationwere
notedInshorttheprinciplesofferedwereessentiallythose
weworkbytodayIwasparticularlyintriguedtoseethatone
authorevensuggestedtheuseofmosquitolighttrapsandgave



sketchesofseveralmodelsallusingkerosenelampstoattract
andatrayofkerosenetokillthemosquitoesOfspecial
interestisthefactthatinthis1890printingthereisan
accountoftheworkofDrCarlosJuanFinlayofHavanawho
hadin1881announcedtothemedicalworldthatledes

aegyptiwastheguiltyculpritinyellowfevertransmission
andepidemicsYetitwasnotuntil1900thattheproofswere
givenbytheWalterReedCommissionandinthe19interven
ingyearsDrFinlaywassubjecttoagreatdealofpeerridicule

anddoubtlesslymanypersonsdiedbecausehismedical
peersevidentlycouldnotacceptthenewideaheadvanced
in1881

SomereferenceshadbeenmadebyoneoftheLamborn
authorstotheworkofDrL0HowardintheUSDAHis
finebookonMOSQUITOES whichcontainsmuchmore

informationappearedabout10yearslater1901Interest
inglyenoughhecitestheLambornEssaysinanumberofin
stances

Ofcourseyouareallfamiliarwiththeclassicalprojects
carriedoutbyGeneralGorgasandhisassociatesincontrolling
thevectorofyellowfeverinCubaabouttheturnofthe
centuryandtheimmediatelyfollowingcontrolofyellow
feverandmalariainthePanamaCanalZonetherebyallowing
theUSAtosuccessfullydigtheBigDitchwheretheFrench
hadfailedViewedinthelightofourpresenttechnology
theseprojectsthefirstsuccessfullargescalecommunity
vectormosquitocontrolprogramsmightwellbeclassifiedas
comprehensivemosquitocontrolAndtheywereimmensely
valuableasexamplestocommunitiesandtogovernmentin
showingthatmosquitocontrolcouldbesuccessful

Severalexcellentbookseachproposingwhatweknownow
ascomprehensiveorintegratedcontrolcontributedim
menselytotheadvancementofmosquitocontrolinthepre
DDTperiodTheseincludetheL0Howard1901bookal
readymentionedtheJohnBSmith1904reportonthe
MosquitoesofNewJerseyandTheirControl aportionof
whichwasupdatedin1918andprintedasNewJerseyAgricul
turalExperimentStationBulletin348andin1945Dr
ThomasJHeadleesbookTheMosquitoesofNewJerseyand
TheirControl whereintheauthortookpracticallyhisentire
chapteronbiologydirectlyfromtheSmithworkwithonly
veryminimumupdatingchangesanddedicatedhisbookto
DrJohnBSmithIn1940HermsandGraypublishedtheir
excellentMOSQUITOCONTROLwhichfor20yearsor
morethereafterwasmuchusedasatextbookThenthe

developmentofDDTandothersyntheticorganicpesticides
openedanewchapterinmosquitocontrolbyprovidingthe
capabilitytoeffectivelycontroladultmosquitoesthrough
residualsprayingandbyspacesprayingaswellasallowing
spectacularlyeffectiveandeconomicalcontroloflarvaeIt
isofparticularinteresttonotethatinthepreDDTeraprac
ticalmosquitocontrolprogramsemphasizedprevention
throughsourcereductionanduseoflarvivorousfishandlar
vicidesmainlyoilpyrethrumandParisgreenthelastfor
anophelinesonly

AftertheintroductionofDDTandothersyntheticpesti
cideshavingthecapacitytoprovideimmediateandspectacular
eliminationofbothlarvalandadultmosquitoestheemphasis
shiftedstronglytowardchemicalcontrolalthoughsourcere
ductionandbiologicalcontrolstillcontinuedinlimiteduse
whereappropriate
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AstheshortcomingsofDDTandothersyntheticinsecti
idesappearedemphasisonceagainshiftedtowardsourcere
ductionandbiologicalcontrolandin1973Revised1975
theCaliforniaMosquitoControlAssociationpublishedA
TRAININGMANUALFORCALIFORNIAMOSQUITOCON
TROLAGENCIES writtenmainlybystaffoftheCalifornia
StateHealthDepartmentsBureauofVectorControlThis
manualwasbaseduponthencurrentknowledgeoftheele
mentsofcomprehensivemosquitocontrolasappliedin
practicalmosquitocontrolinCaliforniatakingintoaccount
thelimitationsbeingimposedbyenvironmentprotectionor
ganizationsetc

WHATLIESAHEADMycrystalballissomewhatcloudy
butcertaintrendsappeartobedevelopingWenowliveina
climateoflimitationsandregulationssomeofwhichlimit
freedomtoselectthemostefficaciousandeconomicaltech

nologyofcontrolwhichcorrespondinglyincreasescoststo
thetaxpayersaswellaswastingenergyEvenmorealarming
thistrendappearstofosterlackofmutualrespectbetween
highlytrainedprofessionalworkersofdifferingdisciplines

Mosquitocontrolagenciesareinfactenvironmentim
provingagenciesdedicatedtoeliminatingoneofthegreat
forceswhichdegrademansenvironmentTraditionallythese
agencieshavechosentofunctionasserviceagenciesrather
thanaspoliceagencies Usuallytheyperformthefield
operationsnecessarytopreventorcontrolmosquitoesreserv
ingtheirlegalnuisanceabatementpowersforapplication
onlyinflagrantinstanceswhereindividuallandholderscreate
ormaintainimportantmosquitosourceswithlittleornore
gardforthecomfortandhealthofnearbyneighborsEven
wherelandholdershavebeenshowntobemaintainingamos
quitoproducingpublicnuisance thecontrolagencieshave
tendedtobelenientiftheresponsiblepartyoffersatleasta
moderatedegreeofpracticalcooperationineliminatingthe
nuisance

Aswemoveforwardinthisevermorecomplexexistence
withregulationsofotheragenciesofgovernmentimposing
evermorerestrictivelimitationsuponwhatwemaydowhat
chemicalswemayapplyandwhattimeandlaborconsuming
procedureswemustfollowitappearstomethatwemayhave
tomorefrequentlyandassiduouslyenforcethenuisancepre
ventionaspectsoftheHealthandSafetyCodewherepublic
nuisanceshavebeendetectedAlsowemustlooktoallother
publicagenciesgroupsandindividualsthatareinvolvedin
waterandlandmanagementtocarryontheirfunctionsand
objectivesinamannerthatwillnotcreatemosquitosources
Andwherebenefitsresulttootherpublicprogramsbymodify
ingmosquitocontrolmeasuresthentheadditionalcosts
shouldbesharedbytheotherprogramsoragenciesreceiving
benefit

RESEARCHOngoingresearchmayentirelychangethe
complexionofmosquitocontrolinduecourseoftimeItis
notinconceivablethatthespecialistsingeneticresearchmay
onedaybeabletomanipulatelethalgenesinmosquitoesina
mannerthatwillcausepopulationstoselfdestructorthecur
renteffortstoemploythesterilemalesystemmaybecome
sufficientlywelldevelopedforgeneralapplicationResearch
anddevelopmentwithpredatoryaquaticinsectsandwithfish
thatpreyonmosquitoeshasadvancedgreatlyinthepastfew
yearsofferingnewhopethatbiologicalcontrolmaybecome
satisfactoryformuchbroaderapplicationthanatpresentand



finallychemicalresearchmightwellyieldmoreselective
longerlastinglarvicidesoradulticidesfreeofhazardtonon
targetanimalsorplantsandfreeofotherenvironmentalob
jections

Itappearsthatencouragementandsupportshouldbepro
videdtresearchworkersandorganizationsandeverypro
misingdevelopmentshouldhaveafairfieldtrial

Butwearefortunateindeedthatamongthemeasurescom
prisingComprehensiveMosquitoControlTable1there
canbefoundsufficienttechnologytoprovidesatisfactory
mosquitocontrolintheinterimperiodwhileweawaitthe
resultsofresearch

Itappearsthatthetaskaheadwillsurelyrequireeven
moreprecisionthanheretoforemoreleadershipinobtaining
thecooperationofotheragenciesandprobablymorefunds
andmorecooperation
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IrecentlyhadtheopportunitytoserveontheADHOC
Committeethathasdevelopedthereporttothelegislatureon
vectorcontrolfundinganddeliveryThereportisbeing
authoredbytheVectorBiologyandControlSectionofthe
DepartmentofHealthServicesandisinanearlycompleted
formIcansayitadequatelydescribesthevectorproblemsin
theStateofCaliforniaAndinthefaceofProposition13it
alsocorrectlyrecommendsthatamechanismforfunding
vectorcontrolbeestablishedtoassistlocalhealthagencies
universityresearchandmosquitoandpestabatementdistricts
HoweverIbelievethereportmaynotemphasizesomeimpor
tantaspectsofthedeliveryofvectorcontrolinCaliforniaand
maybecompoundingtheproblemsbyestablishingatortuous
conduitforvectorcontrolfunding

AsbackgroundIwouldliketotalkalittleaboutsomegen
eralitiesofvectorcontrolprogramsVectorcontrolprograms
forthemostpartbeginincrisesEithertheprevalenceofa
vectorbornediseaseorhighlypestiferousvectorsresultin
governmentalactiontocontrolthemBecausetheprogrambe
ginsincrisespublicdemandisusuallyhighforimmediatere
sultsAvectorprograminitsearlydevelopmentalstagesneces
sarilydependsheavilyuponchemicalmethodologiestoobtain
thedesiredresultsAstheprogramevolvesitmovesalonga
continuumfromtheshorttermcontrolmethodologiesto
longtermcontrolprovidedbyphysicalandbiologicalcontrol
methodologiesTheresultafterperhapsmanyyearsandsig
nificantcapitalinvestmentisacosteffectiveprogramThe
programisnolongerprimarilyrespondingtocrisescausedby
thevectorsbutthroughimplementationofeffectivelong
termcontrolaimedatthesourcestheprogramhasreacheda
preventiveconfigurationItisattheselatterstagesofvector
controlprogramsthatthepublicreceivesthemaximumforthe
leastcostIronicallyitisalsopreciselyatthistimeinits
developmentthatavectorcontrolprogramismostvulnerable

Ifthelegislatorsaregoingtodeveloparealisticmechanism
foradequatelyfundingvectorcontrolinCaliforniathey
shouldbeawareofatleastthreetruismsconcerningvector
controlprogramsThefirsttruismisthatvectorcontrolpro
gramscannotbeturnedoffandonliketapwaterInterruption
oftheprogramsbyinconsistentfundingarreststhedevelop
mentoftheprogramcondemningittocrisesorientationand
lowcosteffectivenessThepublicisnotreceivingmaximum
benefitforitsmoneyunderthesecircumstances

Thesecondtruismconcerningvectorcontrolprogramsis
thatthemoreeffectiveitbecomesthelesslikelyitwillre
ceivecontinuedandconsistentpublicandpoliticalsupportfor
fundingForexampleinarecenitypublishedbookonmalaria
controlGordonHarrisonreportedthatthefundingfor
malariacontrolinSriLankawascutin1954byagovernment
yieldingtothetemptationtosavemoneyTheresultwasthe
resurgenceofmalariain1956InIndiaaccordingtoHarrison
theneedtocontinuetheattackagainstmalariaevenafter
apparentsuccessescouldnotbetranslatedintopracticable

VECTORCONTROLBYDISTRICTS

FredCRoberts

AlamedaCountyMosquitoAbatementDistrict
3024EastSeventhStreetOaklandCalifornia94601
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politicalcriteriaTheresurgenceofmalariainIndiawaseven
moredisastrousfromalowoflessthan100000casesin1960
through1963toanestimated3050millioncasesin1977
Harrisonexplainsthatthekeytothemalariaresurgencein
Indiawastheprogramsnearsuccessinanenvironmentwith
anexcessofproblemsclamoringforattentionAsmalaria
recededtoalowlevelotherpressinghealthandsocialprob
lemsexertedirresistibledemandsforavailableresources

Thelegislatorsshouldalsobemadeawareofathirdtruism
aboutvectorcontrolprogramsVectorcontrolprogramsdo
notcompetewellforfundsinatightfiscalenvironmentFor
exampleareportbyCaliforniasLegislativeAnalystinOcto
berof1979indicatesthatlocalenvironmentalhealthand

sanitationagenciesreceiveda53increaseoffundsinthefis
calyearfollowingpassageofProposition13Yetthefindings
oftheADHOCCommitteesuggestthatvectorcontrolpro
gramshavelostresourcestotheotherenvironmentalhealth
programsQuitefranklymyobservationsarethatvectorcon
trolprogramsdonotdowelloverthelongtermunderthe
aegisofboardsofsupervisorsorwithinthematrixofgeneral
sanitationThereasonsarenotperniciousbutitisnearlyim
possibleforvectorcontrolprogramstoobtainadequatefund
ingwhencompetingforlimitedfundsinahighlycompetitive
environmentThisaspointedoutearlierisespeciallytrueif
thecontrolprogramiseffective

Anotherindicationthatvectorcontrolprogramsdonot
competewellforfundinghasbeenevidencedbystateaid
allocationstoSpecialDistrictsfollowingProposition13The
countyboardsofsupervisorswerechargedwiththeresponsi
bilityofdistributingthefundstodistrictswithintheirbound
ariesComparingthe197879distributiontothatof197980
mosquitoabatementdistrictsreceivedan183decreasein
fundingThemosquitoandpestabatementdistrictsinopen
competitionwithlibraryfireandrecreationdistrictshadlost

MayIconcludebysayingthatifastheADHOCCommit
teeReporthasstatedvectorbornediseasesareathreattothe
citizensofCaliforniatheStateLegislatureshouldbemade
awarethattheiractionsshouldestablishafundingmechanism
thatinsuressufficientandconsistentfundingSuchamechan
ismisthekeytoprovidingeffectiveandefficientvector
controlprogramstothecitizensofCaliforniaThemajor
failureofthereportcouldbethatitdoesnotpointoutthat
wealreadyhavedeliverysystemsinCaliforniathatavoidthe
commonpitfallsofothervectorcontrolprogramsMosquito
andpestabatementdistrictshavebeentheprimarydelivery
systemsforvectorcontrolinCaliforniasince1915andhave
beenextremelyeffectiveavoidingthesecommonpitfalls
Therearecurrently54ofthesedistrictsoperatinginthe
stateAkeyelementtotheirsuccesshasbeentheseparate
fundingmethodinherentintheSpecialDistrictsystemOther
importantfactorsarethestewardshipoftheprogramspro
videdbythetrusteestheuniqueoperationalcapabilitiesof
thedistrictstheclosecoordinationwithotheragenciesand



theflexibilityoftheenablingstatutesthatamongother
thingsallowsboundariestobeestablishedtorealisticallyen
compasstheproblemarea

Arealisticandpracticalsolutiontotheproblemsofvector
controlfundinginCaliforniashouldbeginwiththerecognition

UTILIZATIONOFAMICROCOMPUTERINAVECTORCONTROLPROGRAM

ALAMEDACOUNTYMOSQUITOABATEMENTDISTRICT

Informationisrequiredinordertoaccomplishvectorcon
trolItisroutinelycollectedprocessedandinterpretedto
provideguidancetovectorcontrolprogramsItfollowslogic
allythattoprocesstheinformationmoreefficientlyistoin
creasetheefficiencyoftheprogramsItcanprovidesavingsin
moneyandresultinincreasedeffectivenessofvectorcontrol

Inrecentyearsthecostsofautomaticdataprocessinghave
beendecliningrapidlyArecentarticleinSciencemagazine
calledInformation theNewFrontier pointedoutthatif
costsofcomputerscontinuedtodeclineatthecurrentratea
computerwouldcost310ofacent100yearsfromnowThe
projectionisabsuredofcoursebutwasintendedtoindicate
therateofwhichcomputercostsarenowcrashing

TheAlamedaCountyMosquitoAbatementDistrictiscur
rentlyprocessingdataautomaticallybymeansofaTRS80
microcomputersystemAcomparisonoftheautomaticdata
processingsystemtothepreviouspunchcardsystemhasindi
catedthatweshouldexpectalongtermsavingsofabout
2400peryearinpaperandlaborcostsOnetimecostsof
hardwareandsoftwarewerenotincludedintheanalysisbut
thesavingsshouldpayforthesysteminabouttwoyears

TheinstallationofautomaticdataprocessingintheDistrict
requiredthatwelookattheflowofinformationintheDis
trictfromthepointofviewofacomputerscientistTheap
proachiscalledsystemsanalysisWhenthesystemsanalysisis
accomplishedinthebroadestperspectiveitprovidesalogical
andpracticalframeworksforvectormanagementprograms
Itisrelativelyeasytoaccomplishasystemsanalysisinvector
controlforacoupleofreasonsFirstthebasicconceptsof
integratedpestmanagementarecompatiblewiththesystems
approachSecondlyvectorecologistshavepublishedinforma
tioninthepastthatisusableinthesystemsanalysisBoth
publishedandunpublishedarticlesbyRichardHusbands
formerlyoftheCaliforniaStateVectorBiologyandControl
Sectionwerequiteusefulinaccomplishingtheanalysis

Avaluablebyproductoftheanalysiswasthatbeforethe
dataprocessingsystemcouldbedesignedthegoalsandobjec
tivesoftheDistrictsprogramshadtobeclearlydefinedThe
analysisalsoprovidedratherstartlinginformationaboutthe
amountoftimeutilizedtogatherandprocessinformation
priortotheinstallationofthecomputersystem

FredCRoberts

AlamedaCountyMosquitoAbatementDistrict
3024EastSeventhStreetOaklandCalifornia94601
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thatvectorcontrolinCaliforniahasbeendeliveredforthe
mostpartbySpecialDistrictsandthatthedistrictsare
uniquelysuitedtoeffectivelyprovidevectorcontrolforthe
citizensofCalifornia

Thedataprocessingsystemhasbeendesignedtomeasure
themosquitoproblemandtodeterminetheimpactthecon
trolprogramhasontheproblemThebasicinputdataarethe
samedatausedinmostallvectorprograms lighttrapdata
bitingcountslarvalsamplingdataservicerequestdataThe
outputdataarealsothesamekindsoffamiliarinformation
linealfeetofditchesexcavatednumberoffishplantspounds
ofinsecticidepersourcepoundsofinsecticideperspecies
etc

ObjectivesofTheSystemThespecificobjectivestobe
accomplishedbytheautomaticdataprocessingintheDistrict
arethefollowing
1Toefficientlyprocessdatathatwillmeasuretheeffective

nessoftheprogram
2Toefficientlygeneraterequiredreports
3Todevelopandutilizemodelstopredictlevelsofmosqui

toesandtherebyassistinmakingtreatmentdecisions
4ToquantifytheworkperformedbytheDistrict
5Todefinehighprioritysourcesthroughcostevaluation

andsetappropriateworkschedulesforthephysicalcontrol
program

6Tomeasuretheinsecticidepressureonanygivenspecies
andavoidresistanceproblems

7Todeterminethecostsofspecificprogramelementsand
enhanceprogrambudgeting

8Tocheckcurrentinspectionandtreatmentscheduleswith
thoseofthepastandmodifythescheduleasrequired
TheDistricthasalreadygonealongwaystowardmeeting

theobjectivesThecoreprogramcurrentlyinuseprocesses
datafromtheemployeesdailyreportsandgeneratesthe
monthlyreportsoftheDistrictTheprogramincludesone
relativelysimpleyetinformativemodelthatpredictslevelsof
adultCulexpipiensTheprogramcaneasilybeupgradedasthe
pipiensmodeliselaborateduponandasadditionalmodels
aredevelopedforotherspecies

TheuseofthecomputerintheDistrictshouldalsoprovide
benefitsbeyondthatofourcurrentstatedobjectivesTheflex
ibilityofthesystemenablesdatatoberetrievedinavarietyof
combinationsbysimpleprogramadditionsOtherprograms
couldbedevelopedtoincreasetheefficiencyofthebookkeep
ingsystemsExistingprogramscanalsobeutilizedtodostatis
ticalanalysisifrequiredIntruthaswegainknowledgeof



howincreasingamountsofdatacanbeprocessedrapidlyand
efficientlyitonlyincreasesourexpectationsofthesystem

Insummaryautomaticdataprocessinghasbeeninstalledin
AlamedaCountyMosquitoControlDistrictatarelativelylow
costwithlongtermsavingsprojectedThesystemisdesigned

EFFECTIVENESSOFTHEBACTERIALPATHOGENBACILLUSTHURINGIENSIS

INTRODUCTIONDuringthepasttwodecadesnumerous
studieshavebeenconductedontheactivityandefficacyof
entomogenicbacteriaagainstmosquitolarvaeMostofthese
studieshavedealtwithlaboratoryevaluationofstrainsof
Bacillusthuringiensisandotherpathogenicbacteriarecovered
frommosquitobreedingsourcesorinfectedlarvaeTheactiv
ityandpotencyofanumberofbacterialspeciesandstrains
havebeenreportedbynumerousresearchersDavidsonetal
1975Halletal1977Kellenetal1965LilesandDunn
1959ShaikhandMorrison1966Mostofthesestudiesdealt
withtheevaluationofBthuringiensisvarietiesorstrainsin
laboratorywheretheywereshowntohavemarginalactivity
Afewfieldstudieswerealsoimplementedoncommercial
formulationsandotherstrainsofthispathogenandthese
wereallfoundtoshowlittleornoactivityatpracticalrates
KellenandLewallen1960LilesandDunn1959Shaikhand
Morrison1966Theseinvestigatorsemployedconcentrations
ashighas200500ppminlaboratoryevaluationsandrates
ashighas0510lbacreofBTpreparationsunderfieldcon
ditionswithoutobtainingsignificantmortalityinthetreated
larvaeofseveralspeciesofmosquitoes

EvaluationofaBTisolatedesignatedasBA068from
deadandmoribundCulextarsalisCoquillettlarvaefrom
CaliforniashowedgoodactivityinlaboratorystudiesReeves
1970ReevesandGarcia1971Thissameisolatewaslater
designatedatBtvarthuringiensisserotypeH1andwas
foundpreparationHD225531CtohaveanLC50of03
ppmagainst2ndinstarsAeaegyptiHalletal1977Inthe
samestudytheseauthorsevaluatedsome127strainsofB
thuringiensisconsistingof18varietiesserotypesagainst
AedesandCulexspeciesMostofthestrainsshowedlittleor
noactivitybutsomepreparationsHD169R567BandHD
96R574Dinadditiontotheabovepossessedgoodactivity
showinganLC50of004006ppmagainst2ndinstarAe
triseriatusamostsusceptiblespeciesascomparedtoCulex
andAnophelesspecies

RecentlyGoldbergandMargalit1977isolatedastrainof
BacillusthuringiensisdesignatedasONR60AorWHOCCBC
1897frommosquitolarvaeandthisisolateshowedgoodlar
vicidalactivityagainstseveralspeciesofmosquitoesThis
strainwastypedbydeBarjac1978ofInstitutePasteuras

SEROTYPEH14AGAINSTMOSQUITOLARVAE

MirSMullaBrianAFedericiandHusamADarwazeh

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521
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toincreasetheefficiencyoftheexistingdataprocessing
systemtoprocessmoredataatlesscostandtoincreasethe
effectivenessofthevectorcontrolprogrambyproviding
appropriateandtimelydatatosupportdecisionmaking

serotypeH14anddesignatedasBthuringiensisvarisrael
ensisBTSerH14Thisstrainhasbeenfoundtobequite
effectiveagainstAedesandCulexspeciesunderlaboratory
conditionsandappearstobethemosteffectiveentomopatho
genicbacteriumstudiedtodateItsactivityagainstmosquitoes
underindoorandoutdoorconditionswasstudiedinCalifornia
byGarciaandDesrochers1979

Ourcurrentstudieswereaimedatthelaboratoryandfield
evaluationofBTH14againstseveralspeciesofcolonized
mosquitoesandalsoanumberofspeciescollectedfromthe
fieldAdditionallyfieldevaluationsofsemicommercialpre
parationsofthisentomopathogenwereconductedinavariety
ofhabitatssupportingspeciesof3generaofmosquitoes

METHODSANDMATERIALSInthelaboratory4thin
starlarvaeofAedesaegyptiLAedesnigromaculisLud
lowAetaeniorhynchusWiedmannAnophelesquadri
maculatusSayCulextarsalisCoquillettCxpeusSpeiser
CxquinquefasciatusSayandPsorophoracolumbineDyar
andKnabwereemployedThestandardproceduresandtech
niquesasreportedbyMullaetal1966wereutilizedIn
brieftheproceduresusedareasfollows

Twentymosquitolarvaewereplacedin100mltapwater
pH80 01ina160ml4ozsquatwaxedicecreamcup
Eachtreatmentwasreplicated3timesandrunon23differ
entoccasionsyielding6 9replicatespertreatmentThe
treatedandcontrolcupswerekeptat26F 05andmortal

itywasreadafter24hoursofcontinuousexposuretothe
bacterialpreparationsOnaccountoftheshorttermexposure
period24hrsthelarvaewerenotprovidedwithfood

Todeterminetherangeofactivitythebacterialprepara
tionswererunat3 4concentrationseachreplicated34
timesTheaveragemortalityforeachconcentrationwas
plottedonlogprobitpaperandtheLC50andLC90concen
trationsinppmwerereadofftheconcentrationresponselines
fittedandestablishedthroughthepointsTherewaslittleor
nomortalityinthecontrollarvaethereforenocorrectionfor
checkmortalitywasdeemednecessary

SeveralpreparationsofH14consistingofWPwaxysolid
andfluidsuspensionformulationswereevaluatedThesolid
formulationsweresuspendedinwaterbytheadditionof
Tween20wettingagentandblendingatmoderatespeedin



ablenderThesestocksuspensionswerefreshlypreparedand
dilutedwithwaterfortestingTheparticlesreadilyprecipi
tatedonstandingandrequiredvigorousshakingpriortoaddi
tiontothecups

Fieldevaluationswereconductedinexperimentalponds
andsmallplotsinirrigatedpasturesUnderfieldconditions
efficacywasstudiedagainstCxtarsalisGinornataPs
eolumbiaeandAenigromaculisForfieldapplicationthe
solidpreparationsweresuspendedinwaterusingawetting
agentandblendingThedesiredquantityofthesuspensions
wasputinallpurposehouseholdspraybottlesorz1gallon
pressurizedcansprayersThevolumewasbroughtupto100
200mlofwaterdependingonthesizeoftheplotandsprayed
overtheplots

Mosquitolarvalcountsweretakenbeforeandatintervals
aftertreatmentFiveto10dipsweretakenperplotateach
samplingtimeThelevelofreductionasapercentagewascal

culatedbycomparingalllarvalinstarsinthetreatedplotsto
thoseintheuntreatedThedosageslbacreforeachprepara
tionreportedinthetablewereestimatedfromfielddataob
tainedinthesestudies

RESULTSANDDISCUSSIONTheactivityandpotency
ofH14formulationsorpreparationsasevaluatedinlabora
toryagainstcolonizedorfieldcollectedlarvaearepresentedin
Table1Thebacterialpreparationswereevaluatedagainst3
Andes1Anopheles3Culexand1PsorophoraspeciesThe
sourcefromwherethetestlarvaewereobtainedareshownin

Table1

FromthedatainTable1itisevidentthatthemaximum
variationinactivityofthedifferentpreparationsagainsta
givenspeciesisintheorderof26foldSimilarlya26fold
variationintheactivityofagivenpreparationagainstthevari
ousspeciesofmosquitoesisevidentIngeneralAnopheles
larvaeweremuchmoretolerantfollowedbysome4edes

Table1LaboratoryevaluationofformulationsofBthuringiensisSerotypeH14against4thinstarlarvaeasdeterminedby
continuousexposurefor24hours

AedesaeErvpti
Aerlesnigromaculis
Andestaeniorhynehus
Anophelesquadrimaculatus
Culexpens
Culexquinquefasciatus
Culextarsalis

Psorophoraeolurnbiae

MosquitoSpecies

Andesnigromaculis
Culextarsalis

Culextarsalis

Culexpens
Psorophoraeolumbiaeb
Psorophoraeolumbiaec

LarvalSource

Lab

IrrigatedPasture
Lab

Lab

DaieyLagoon
Lab

Lab

IrrigatedPasture

alnstitutePasteurParistentativestandard

bRogcrBelionBiochemParis
e33x10 sporesgin

Habitat

IrrigatedPastures
PondspH8
PondspH95
DairyLagoonsa
Pasture

Pasture

IPS78a

130

020

060

060

022

043

020

Location

SSanJoaquin
Riverside

CoachellaValley
ChinoBasin

PaloVerde

PaloVerde

26

LC90pgmlofexperimentalformulations
R15378b Sandoz402 Abbotc Abbot6108

038

014

013

035

030

032

070

045

085

200

050

060

058

042

080

090

085

090

138

100

058

070

070

100

072

080

Table2SmallscalefieldevaluationofBthuringiensisSerotypeH14preparationsagainstvariousspeciesofmosquitolarvae
breedinginavarietyofhabitats

Dosagelbacreyielding90100control
R15378 Sandoz402 ABG6108

02505

0102

02504

0510

025050

1020

0510

0105

05050

0510

1020

0510

0A025

025050

0510

1020

aHighlypollutedIncomingbarnwashwaterfacilitatedilutionofcontrolagents
bTestconductedwhenmaximumambient temperaturewas105108FLarvaeatthetimeoftreatmentwere3rdandearly4th

stages

cThesetestswereconductedwhenambientmaximumtemperaturewas115 118FLarvaeatthetimeofthetreatmentwere
4thandlate4thinstarsRateofdevelopmentveryfast



speciesInmostcasesCulexmosquitoeswerefoundtobe
moresusceptibleItshouldbenotedthatthosepreparations
whichshowedloweractivityhadbeendilutedandformulated
ascomparedtothemoreactivepreparationswichconsisted
oftheoriginalundilutedpreparations

SinceBTH14showedgoodactivityinthelaboratory
theavailablepreparationswerethensubjectedtopreliminary
smallscalefieldexperimentsagainstseveralspeciesofmos
quitoesinavarietyofhabitatsTheresultsoftheseprelim
inarysmallplotevaluationsarepresentedinTable2

Thethreeformulationsfieldtestedshoweddifferentlevels

ofactivityagainstthedifferentspeciesR15378beingthe
originalundilutedproductasexpectedyieldedahigherlevel
ofcontrolthantheothertwodilutedformulationsItisim

portanttonotethattheBTH14formulationsmanifested
lowerlevelsofactivityagainstthesamespecieswherewater
pHwashigherthan8Thisisapparentfromthetrialsconduct
edagainstCxtarsalisintwodifferentlocationswherethe
waterpHinthebreedingsourcewasquitedifferentThepHof
themosquitobreedingsourcewaterthereforemayhavea
significanteffectontheactivityofBTH14

AnotherconsiderationintheefficacyofBTH14formu
lationagainstmosquitoesisthedifferentialsusceptibilityof
thevariouslarvalstagesYoungerinstarsaremoresusceptible
thanolderlarvaethereforerequiringlowerratesofapplica
tionfortheircontrolBTH14toxicityisprimarilythrough
ingestionofthesporecrystalmixturecontainingthetoxin
Thereforeasaresultlate4thinstarsthathaveceasedfeeding
willnotbekilledbyapplicationsofthispathogenInmosqui
tocontrolBTH14treatmentshavetobemadewhenthe
larvaeare3rdinstarsoryoungerWealsonotedthatefficacy
ofBTH14isquitelowundercoldweatherconditionswhen
watertemperatureisbelow50FAttheselowtemperatures
larvalfeedingactivityisprobablyminimal

EFFECTSONNONTARGETMACROINVERTEBRATES

Duringthecourseofthesepreliminarystudiesontheevalua
tionofBTH14againstmosquitoesinthefielddatawere
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alsogatheredonthepopulationdensityofmayflydamselfly
anddragonflynaiadsdivingbeetlelarvaeandostracodsAt
theratesof05 10lbacrenoneoftheBTH14prepara
tionsstudiedhadanynoticeableeffectsontheseabundant
groupsinthenontargetbiotaItislikelythatBTH14
formulationswillhavelittleifanyacuteeffectsonthese
aquaticorganisms
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BacillusthuringiensisvarisraelensisH14strainONR60WHO
CCB1897hastodatedemonstratedusefullarvicidalactivityagainst
morethan16speciesofmosquitolarvaerepresenting6generaLarvi
cidalactivityisgenerallymarkedinlessthan12hoursContrarytothe
classicpatternnotedforBacillusthuringiensisstrainONR60WHO
CCBC1897doesnotdemonstrateusefulactivityagainstthelarval

Bacillusthuringiensisisclassicallydistinguishedfrom
BcereusbypathogenicityforlarvaeofLepidopteraandby
theproductionofacrystallineproteinbodyduringthephase
ofsporeformationIfoneusesCulextarsalisCoquillett
ratherthanCxpipienscomplexonecandemonstratelarvi
cidalactivityTables1and2Suchactivityhoweverdoes
notfollowanypatternintermsofserotypeFigure1summar
izesanobservedlarvicidalactivityofBthuringiensisHD1
ComparableactivitycanbeobservedagainstAedesdorsalis
r1 taeniorhynchusWeidmanbutnoactivitywasobserved
againstCxpipiensItisthisspottycharacteristicofmosquito
larvicidalactivitythatgeneratedtheconfusioninpublished
reportsReevesandGarcia1970Norris1969Kellenand
Lewellen1960LilesandDunn1959RogoffandIgnoffo
1969ShaikhandMorrison1966

IncontrastBtvarisraelensisH14hastodatedemon
stratedusefullarvicidalactivityagainstmorethan16species
ofmosquitolarvaerepresenting6generaGoldberg1977
Garcia1978Weiser1978Larvicidalactivityisgenerally
markedinlessthan12hoursContrarytotheclassicalpattern

Table1Isolatesfoundtodemonstratelarvicidalactivity
againstCxtarsalisKL1stinstartestlarvae

OriginalDesignation Serotype CodeNumber

kurstaki

kurstaki

aizawai

tolworthi

sotto

thuringiensis
thuringiensis
thuringiensis
thuringiensis
thuringiensis
thuringiensis
sotto

BACILLUSTHURINGIENSISvarISRAELENSISH14STRAINONR60WHOCCBC1897

LeonardJGoldberg
UniversityofCalifornia

NavalBiosciencesLaboratorySchoolofPublicHealthBerkeleyCalifornia94625

H3a3b
H3a3b
H7

H9

H4a4b
H1

H1

H1

H1

H1

H1

H4a4b

25369693TW
28199763F
18509762C
NPI460
NPI18052
NPI186104
NPI185104
NPI201113
NPI197105
NPI198105
NPI199105
NPI194101

Culturesmarkedwithanasteriskhavehadrecentconfirma

tionTheremainederarebasedoninformationavailablebefore

1963andthereforethereisapossibilitythoseclassifications
arenotaccurate

ABSTRACT
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stageofLepidopteraHencethisstrainofBthuringiensisisuniquein
itsspectrumoflarvicidalactivity

Additionallyactivityatalevelof10cellsmlhasbeennoted
againstSimuliumrerecundumthussuggestingapotentialforthe
controlofblackflylarvae

notedforBthuringiensisthisstrainONR60WHOCCBC
1897doesnotdemonstrateusefulactivityagainstthelarval
stageofLepidopteraProfessorJWeisernotedactivityagainst
AedescantonsandCxpipiensautogenesisHenotedsome
activityonephemeridsPlecopteraTrichopteraColeoptera
andplanktoniccopepodaProfessorAHUndeenhasnoted
activityatalevelof10cellsmlagainstSimuliumverecund
umHehasrecentlyextendedthisobservationtoincludefour
additionalstrainsofblackflylarvaethussuggestingapotential
forfieldapplicationUndeen1978

TheisolationofBtvarisraelensisH14wasobtained
followingthescreeningofsome1000clonesfromsome10
soilsamplestakenatknownmosquitolarvalbreedingsitesin
IsraelGoldbergetal1977Roughly1in100suchclones
demonstratedalarvicidalactivityofthesameorderofmagni
tudeasBsphaericusvarfusiformisSSII1butonlyone
ONR60Ademonstratedauniqueactivity

Itisimportanttonotethatsuccessfulscreeningwasde
pendentupontwofactorsinscreeningThefirstwastheuseof
aselectednutrientN2XwhichwasmadeavailablebyNutr

Table2IsolatesfoundtobeinactiveagainstCxtarsalis
KL1stinstartestlarvae

OriginalDesignation Serotype

kurstaki

Bthuringiensisvar
thuringiensis
finitimus

subtoxious

entomocidus

aizawai

morrisoni

darmastadiensis

H3a3b
H5a5b
H1

H2

H6

H6

117

H8

H10

CodeNumber

720619A
7301301
1840182C
NPI451
NP1456
NPI457
NPI458
NPI459
NPI461

Culturesmarkedwithanasteriskhavehadrecentconfirma

tionTheremainderarebasedoninformationavailablebefore

1963andthereforethereisapossibilitythoseclassifications
arenotaccurate

Selectedfrom64negativeresultstoillustraterangeofsero
type



iliteNutriliteLakeviewCaliforniaThismediaisastandard
productionmediaforBthuringiensisHD1Thisisnotto
implythatithasuniquepropertieswhichcannotbeduplicated
byothernutrientmediabutrathertopointouttherequire
mentfortheselectionofamediawhichcanstimulateentomo

toxinproductionduringcellgrowthThetestorganismavail
ableforsuchmediaselectionwasBsphaericusSSII1but
asthenumberofsuchorganismsincreaseiestrain1593
onecanexpandtheselectioncriteriaforthescreeningmedia
Ifforexamplenutrientagarhadbeentheonlysolid

growthmediausedforclonalselectiononlyonecloneoutof
theentiresetofsome1000wouldhavedemonstratedmarked
larvicidalactivityduringscreeningThismediaeffectwas
firstnotedbyProfSSingerinconnectionwithBsphaericus
SSII1DuringscreeningweactuallyutilizedN2Xandnu
trientagarDifcoinparallelbutonlyinthecaseoftheisolate
60Adidlarvicidalactivityoccurfromsurfacegrowthonboth
medialEventhoughtheisolateswhichrequiredspecialnutri
entfactorsfortheproductionofentomotoxindidnotprove
tobeasdramaticinactivityas60Apositivefindingsindicated
thatfurtherscreeningusingothersoilsamplesfromthesame
streamregionmightproveprofitable

ThesecondfactorwhichIbelieveiscriticalisintheselec

tionofthelarvalscreeningsystemWechoserawsewagewater
fromasewagepondofKubbutzHuldaincombinationwith
theuseofCxpipienscomplexlarvaeThesewageliquid

Legend
oED9insporesml

ED50estinsporesml
1010

7
5

1010

sporesml

1010

3
50

pupation
4321 1 2 3 4 5 6

DayofapplicationofBTrelativetothedayonwhich
1stinstarCulextarsalisKLlarvaewereplaced
intestcontainer

Figure1EstimatedED50andED95doseusingtechnical
IMCBTHD1fortestchallengeasafunctionoftimeof
applicationrelativetothetimeatwhich1stinstarCulextar
salislarvaewereplacedinthetestcontainer
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shouldnotbeusedasaninoculumforasecondscreeningIn
thecaseofoursewageliquidcontrolieBsphaericus
SSII1theapparentlarvicidalactivitycouldincreaseas
muchas10Xfromsuchasecondpass Thiseffectinthe

caseofSSII1isduetothefactthatthisorganismcanoutgrow
manyotherbacterialflorasFigure2Goldbergetal1977
andtheshiftinflorawhichcanoccurwhenastabilizedsewage
pondfloraisinoculatedunderdifferentenvironmentalcondi
tionscanresultinmarkedchangesinmeasuredlarvicidal
activityComparablyallothertestlarvaeweretitratedusing
aliquotsofthesamestreamliquidfromwhichthelarvaewere
obtainedIdontwishtoimplythatanorganismsuchasSSII
1istoberejectedonthisbasisbutratherthatthiseffectbe
accuratelynotedandcarebetakentoensurethatworst
fieldcontrolconditionsareanticipatedInthecaseofSSII1
suchlarvaltestconditionswerealsousedtodemonstratethat
entomotoxinwasformedduringvegetativegrowthandwas
relativelyconstantintothesporephaseofgrowthGoldberg
etal1977Figure3ab

Followingtheinitialmosquitolarvicidalscreeningprogram
usingCxpipiensLinnaeusfurthertestingwasdoneusing
Anophelessergentii TheobaldUranotaeniaunguiculata
EdwardsCxunivitattusTheobaldandAeaegyptiLinnaeus
Figure4TheisolateONR60Ademonstratednosignificant
lossinlarvicidalactivityafterbeingheatshockedfor20min
utesat60Clyophilizedandreconstitutedorfromexposure
to2537Aultravioletsufficienttoreducethesporecountto
lessthan01percentofitsinitialcountThemodeofactionof
ONR60Acanbeattributedtoanultravioletandheatstable
endotoxinGoldbergetal1977

Asinglelargebatchofsporeswasproducedfromtheorigi
nalisolateThiswaslyophilizedandthenthedrycellmasswas
dividedinto24aliquotsOnesuchaliquotwasdepositedwith
DrAAArataWHOGenevaAportionofthisaliquotwas
sentontoDrHdeBarjacattheInstitutePasteurParis
FrancefordefinitiveidentificationIsubsequentlydeposited
aliquotsoftheentirecollectionofactiveisolateswithProf
JDBriggsatwhichtimeONR60Awasdesignatedbythe
acquisitionnumberWHOCCBC1897Theentirecollection
carriesthedesignations1883therough1897Aduplicateset
oftheseisolateswasalsosenttoProfSSingerDrHde
BarjacsexcellentworkontheidentificationofONR60A
WHOCCBC1897asBacillusthuringiensisvarisraelensis
H14HdeBarjac1978clearlyidentifiesthisorganismasa
newserotypeaswellasdefiningitinbiochemicalterms

Theproblemsofsafetyandfieldformulationstillremain
SinceAnophelinelarvaeforexamplearepredominantlysur
facefeederstheunmodifiedphysicalbehaviorofaspore
suspensionofONR60A1897followingaquaticfieldappli
cationwouldnecessitaterepeatedhighdisseminationratesin
ordertoprovideforasufficienttimedurationofatoxiccon
centrationintheupperwaterlayerswherelarvalfeedingis
predominantAbuoyantcolloidalformulationwouldoptimize
suchlarvalingestionandasadirectconsequencelarvicidal
activityGoldbergetal1977Theformationofasurface
scumhowevermightbecounterproductivesincethiscould
minimizelarvalingestionbyfilterfeedersAhydrophilicbuo
yantcolloidshouldhaveoptimalqualitiesforsurfacefilter
feedersAformulationwithsuchqualitieswastestedusing



bothAnsergentiiandCxpipienscomplexlarvaeFigure
5Furtherformulationworkwillberequiredhoweverto
provideasuitableshelflife

Theobservationofrapidselectioninmosquitoestoresist
ancetowardthesequentialuseofbroadspectrumchemical
insecticidesfurtherdictatesthatfuturemeasuresmightwell
requirethecombineduseofmultiplenarrowspectrumcontrol
agentsinordertoobtainalongtermbeneficialparasite
predatorpestbalanceGoldbergetal1974Withtheadded
availabilityofnarrowspectrumgrowthregulatorsONR60A
WHOCCBC1897andBsphaerieus1593andwiththe
possibilityofadditionalnewentomotoxinssuchmultiple
agentformulationsarefeasibleinthenearfuture
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STUDIESONTHETOXICITYOFBACILLUSTIIURINGIENSISvarISRAELENSIS

AGAINSTORGANISMSFOUNDINASSOCIATIONWITHMOSQUITOLARVAE

RichardGarciaBarbaraDesRochersandWilliamTozer

UniversityofCalifornia
DivisionofBiologicalControlBerkeleyCalifornia94720

ABSTRACT

Atotalofmorethan40nontargetspeciesofaquaticanimalshave
beenexposedtoBacillusthuringiensisvarisraelensisatconcentrations
rangingfrom50toseveralhundredtimesthatrequiredtoinduce50
mortalityinalaboratorypopulationofthirdinstarCulexpipiensThe
nontargetspecieswererepresentedbythefollowingmajorgroupsof
aquaticanimalsthreespeciesofamphibiansthreespeciesoffish10
speciesofcrustaceansandmorethan21speciesofaquaticinsects

INTRODUCTIONTheendotoxinofBacillusthuringiensis
varisraelensisBtihasbeenshowntocausemortalityat
relativelylowconcentrationsagainstawidevarietyofculicid
andsimuliidspeciesunderlaboratoryconditionsGoldberg
andMargalit197deBarjac1978UndeenandNagel1978
GarciaandDesRochers1979andGarciaetal1980This
paperreportstheimpactofthispathogenonsomewildcaught
aquaticorganismsfoundinassociationwithmosquitolarvae
ThesestudieswereconductedinCaliforniaandIranwiththe

majorityofspeciestestedindigenoustoCaliforniaFortytwo
wildcaughtaquaticorganismswereexposedtoBtiatcon
centrationsrangingfrom50toseveralhundredtimesthatre
quiredtoinduce50mortalityinalaboratorypopulationof
thirdinstarCulexpipiensThesourcesofBtiusedduring
thesetestswerestrainsformulatedbySandozWDCI
GoldbergONR60andAbbott6108

METHODSANDMATERIALSInCaliforniatestswere
conductedinascreenedoutdoorenclosureaffordinga50
reductioninsunlightPlastictubswithafluidcapacityofap
proximately10IwereusedinthemajorityoftestsThetubs
werearrangedonwoodenbencheswithinthescreenhouseand
eachwasprovidedwithaseparateaerationtubeHardware
meshainchclothsheetswereusedascoversforthetubsto
preventcertainspeciesfromescapingInIrantestswerecon
ductedindoorsinglasscontainersInbothplacesthewater
usedformaintenanceandtestingwascollectedfromthesame
sourceasthespeciesunderexaminationAlltestswererepli
cated26timeswithanaverageof3timesformostspecies
Thenumberofcontroltubsandthenumbersoforganisms
withinthemgenerallyequalledthenumberoforganismsand
tubsundertestThevolumeofwaterusedvariedfrom4to8

litersdependingonthespeciesunderexaminationandthe
amountofsubstratesuchassoilrocksandvegetationadded

SandozIncPOBox1489HomesteadFlorida33030
2GoldbergLJUniversityofCaliforniaBerkeleyNavalBio

sciencesLaboratoryAlamedaCalifornia94501

3AbbottLaboratoriesNorthChicagoIllinois60064

33

Acutetoxiceffectsasdeterminedbymortalitydifferencesbetweentest
andcontrolswereobservedonlyamongtheDipteraofthesuborder
NematoceraThisincludedbesidestheCulicidaeandSimuliidaere
portedelsewherespeciesinthefamilyDixidaeChironomidaeandpos
siblytheCeratopogonidaeThesourcesofBacillusthuringiensisvar
israelensisusedduringthesetestswerestrainsformulatedbySandoz
WDCIGoldbergONR60andAbbott6108

Thetestdosagesofpathogensusedwereconcentrationsof
1X101X10and1X10sporesmlThemajorityof
testsusing1X10sporesmlwerewiththeGoldberglyophil
izedstrainONR60Awhichwasharvestedataconcentration
of1X10sporesmlTheONR60Astrain wasusedprimar
ilyinIranTheotheraquaticanimalsweretestedwithaSan
dozformulationWDCIexceptfor3testswithanAbbott
formulation6108ThestockconcentrationoftheSandoz
materialatharvestwas25X10sporesmlThetestconcen
trationusedwasgenerally1X10withtheexceptionofafew
testsat1X10sporesmlThestockconcentrationofthe
Abbottmaterialwas1X10andthe3testswereconducted
ataconcentrationof1X10sporesml

TheLD50forourlaboratorystrainofCulexpipiens
thirdinstaraveraged1X10sporesmlfortheSandoz
preparationand1X10sporesmlfortheGoldbergprepara
tionwhichhadbeenstoredforover2yearsConsequently
thedosagesreceivedbythenontargettestanimalsinTable1
rangedfromabout50toseveralhundredtimestheLD50for
thelaboratorystrainofCxpipiensandlikewiseformostwild
larvalCulexandAedesspptestedelsewhere

RESULTSANDDISCUSSIONTable1liststhemajority
oforganismstestedduringthepast212yearsbyspecieswhen
knownlifestagetestedgeneralhabitatnumberoftreat
mentsnumbertreatedpertestformulationusedandconcen
trationobservationperiodandthelethaleffectofthepatho
genovertheobservationperiodCertainspeciestoleratedthe
confinedconditionsbetterthanotherswhichisoneoftherea

sonsforthedifferentholdingperiods
Itisbelievedthatthetoxicactionofthepathogenformos

quitolarvaeandothertargetspeciesappearstobeafunction
ofingestionofthepathogenwhilefeedingToinsureatleast
someoralintakeofthepathogenallpredatoryanimalswere
fedmosquitoeswhichhadpriorexposuretorelativelyhigh
concentrationsofthepathogenThevertebratepredatorscon
sumedrelativelylargenumbersandshowednomortalitythat
couldbeconstruedasduetotheresultofthepathogen
Parameterssuchasgrowthweightgainandreproduction
whichmightbeaffectedbythepathogenwerenotfollowed
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Theonlynonpredatoryanimalwhichwasfedparcelsof
fooddirectlywasthepurpleshorecrabThesewerefedpieces
ofcommerciallypurchasedherringwhichhadbeensoakedina
watersolutionofthepathogenThecrabsreadilyconsumed
thispreparationwithoutapparentharmfuleffectshowever
nomoltingwasobservedduringconfinement

Oftheseveraldifferentgroupsofinsectpredatorstested
threegroupsdemonstratedmoltingduringtheholdingperiod
TheseincludedanotonectidadamselflyandadragonflyThe
primaryfoodsourcefortheseanimalswastreatedmosquito
larvaesuggestingthatgrowthhadtakenplacewiththeinges
tionofthetoxin

Othernonpredatoryinsectspeciesshowingdevelopment
duringtheholdingperiodwereanephydridflyandaspecies
ofTrichopteraThislatterspeciescompleteditsfullcycleof
developmentandreproducedwhileunderconfinementThe
onlyotheranimalwhichwasobservedtoreproduceand
developduringthetestsperiodwasanaquaticsnailofthe
genusPhysa

AsnotedinTable1onlymembersofthefamiliesDixidae
ChironomidaeandCeratopogonidaeoftheDipteraseemedto
beaffectedbythepathogenduringthesetestsAlthoughthe
nontargettestsconductedthusfarappearencouragingthey
arestillpreliminaryandpertainonlytoacutetoxiceffects
undertheconditionsdescribedhereFurthertestingisrequir
edbeforeanyreasonableestimatecanbemadeonthetotal
impactofthispathogenonnontargetorganisms
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PRELIMINARYFIELDTRIALSWITHBACILLUSTHURINGIENSISvarISRAELENSIS

AGAINSTAEDESDORSALISANDCIILXTARSALISINSALTMARSHES

INTRODUCTIONLaboratoryinvestigationshaverevealed
thattheendotoxinofBacillusthuringiensisvarisraelensisis
extremelytoxictomosquitoandsimuliidlarvaeGoldbergand
Margalit1977deBarjac1978UndeenandNagel1978
GarciaandDesRochers1979Garciaetal1980aSomepre
liminarystudiesontheacutetoxicityofthispathogenindicate
thatithasarelativelynarrowhostrangeGarciaetal1980b
Smallfieldtrialswiththispathogenagainstseveralspeciesof
Californiamosquitoesunderwidelydifferentaquaticandcli
maticconditionshaveshownencouragingresultsGarciaetal
1980aTheinvestigationsreportedhereinvovletwosmall
fieldtestsagainstAedesdorsalisandoneagainstCulextarsalis
inbrackishandsaltmarshhabitatsofSanFranciscoBay

METHODSANDMATERIALSAformulationbySandoz
WDCIofBacillusthuringiensisvarisraelensiswithastock
concentrationof25x10wasusedinalltestsreported
hereBioassayagainstalaboratorystrainofthirdinstarCulex
pipiensdisplayedaconsistentLD50of1x10duringthe
courseoftheseinvestigationsWatersampleswerecollected
ateachtestsiteandanalyzedprimarilyforconductivitymg1
NaC1andpHusingaHachChemicalwateranalyzerkitDR
EL2Othercomponentssuchasnitrogenpotassiumtotal
hardnessasCaCO3andotherswereincludedintheanalysis
whensusceptedofbeingpresentatrelativelyhighlevelsMos
quitolarvaewerecollectedandidentifiedfromeachsiteand
bioassayedagainstthebacterialpreparationusedineachfield
test

Thefirstfieldtrialtobediscussedwasconductedinlate

June1979attheSanQuentindumpsiteMarinCountyina
floodwatermarshThewaterwasbrackishandrecedingrapid
lyintosmallpoolsThesaltconcentrationrangedfrom27000
to29000ppmandthepHwasrecordedat91Themosquito
populationwasexclusivelyCulextarsalisandrangedinnum
bersfrom12to66perdipThefaunaingeneralwascharacter
isticofafreshwatermarshwiththemajorfaunalcomponents
consistingofostracodscopepodscorixidszygopterans
notonectidsanddytiscidsinadditiontothemosquitolarvae
Plasticbucketswiththebottomsremovedandasurfacearea
of110sqmeterwereusedastestandcontrolenclosures
Theywereforcedintothemudbottomandinthisposition
eachcontainedabout15litersofmarshwaterinadditionto

RichardGarciaandBarbaraDesRochers

UniversityofCalifornia
DivisionofBiologicalControlBerkeleyCalifornia94720

ABSTRACT

SmallfieldtreatmentswithBacillusthuringiensisvarisraelensis
WDC1Sandozformulationwereconductedinsaltandbrackishmarsh

areasoftheSanFranciscoBayagainstAedesdorsalisandCuelxtarsalis
Thepathogenreducedlarvalmosquitopopulationsby85orgreaterat
alldosagesappliedwiththelowestconcentrationequivalentto1kilo
gramperhectare

37

17277
kac

theencapturedfloraandfaunaPlasticdishes9cmindiameter
and3cmindepthwithscreenedbottomswereusedassentinel
stationsandfloatedwithintheplasticenclosuresdescribed
aboveEachsentinelstationcontained40Culextarsalislb
Trichocorixaandamixtureof50ostracodsandcopepodsThe
testenclosuresweretreatedwithawatersuspensionofthe
Sandozpreparationequivalentto15and15kghaThelabor
atoryLD50forthewildcaughtCulextarsalistestedinthe
brackishwaterfromthesitewas1x10

Fieldtestswereconductedattwoothersiteswithtypical
saltmarshcharacteristicsagainstlarvalpopulationsof4e
dorsalisTheemergentaquaticandsurroundingvegetationat
bothsiteswasalmostentirelyofthesaltmarshpickleweed
SalicorniaspThefirstsitewaslocatedinasmallmarsharea
inKentfieldMarinCountyThetestwasconductedinmid
June1979AnalysisofthewaterindicatedapHof82and
asodiumchloridecontentof32400ppmAllothercompon
entsmeasuredwereofnegligiblesignificanceThepopulations
ofAedesdorsaliswereprimarilythirdinstarandtheirnumbe
rangedfrom1to11perdipTreatmentandcontrolsiteswere
measuredoffinequalsegmentseachwithasurfaceareaof

sqmeterandawaterdepthrangingfronn19crThe
watersuspensionofSandozWDCIwasappliedwithasmall
handsprayeratratesrangingfromlessthan1to4kghectare

ThefinalfieldtestwasconductedinmidAugustinanother
saltmarshsiteneartheLarkspurferryslipinMarinCounty
AnalysisofthewaterindicatedapHof80andasodium
chlorideconcentrationof27000ppmAllothermeasured
componentsweredeemednegligibleAhightidehadfloodeda
dikeenclosedareaofabouthhectareWaterdepthvaried
fromabout26cmintheareasofemergentSalicorniatoabout
onehundredcmintheopenwaterchannelArelativelylarge
populationofthirdinstarAedesdorsaliswasrestrictedtothe
emergentvegetationalongtheedgesoftheopenchanneland
inthepartiallysubmergedstandsofSalicorniaNumbersof
larvaeperdipvariedfrom5to68Thewatersuspensionof
SandozWDCIwassprayedwithaRootandLowellModel
No1977pressuresprayeratarateof2kgha

RESULTSANDDISCUSSIONTable1showstheresults
ofthetreatmentofCulextarsalispopulationsintheSan
QuentinmarshsiteManydeadmosquitoesandanoccasional



Table1FieldtrialsusingBacillusthuringiensisvarisraelensisinbrackishwaterSanQuentindumpsiteMarinCounty1979

SANDOZ NoCxtarsalisldipinenclosures NoCxtarsalisassentinels Nocorixidscrustaceansassentinels
BtiKgHA 1 2 3 1 2 3 1 2 3

Control 21 30 10 40

15 22 1 1 40

150 37 1 1 40

Exposureperiod 0hrs 24hrs 72hrs 0hrs

Table2FieldtrialsusingBacillusthuringiensisvarisraelensisinbrackishwaterKentfieldsaltmarshMarinCounty1979

SANDOZ NumberofAedesdorsalisdip

BtikgHA Test Control

4

2

1

Exposureperiod

Table3Fieldtrialsusing2kgHABacillusthuringiensisvarisraelensisinbrackishwaterLarkspurferrysiteMarinCounty
1979

SiteNo Test

1

2

3

Exposureperiod 0hrs

Test Control Test

10 6 4 414 h 512

5 612 2 44 34 512
8 3 h 2 DRIEDUP

95

115

51

0hrs 24hrs

Control Test

110

130

liveonewereobservedatthewatersurfaceafter24hrsUsing
thestandarddipperasameasuringdeviceitwasfoundthat
bothhighandlowtreatmentsreducedthelarvalpopulations
withintheplasticenclosuresbyapproximately95 Mortality
ofthesentinelmosquitolarvaewasabout85atthelowcon
centrationandcompleteattheexaggeratedconcentrationThe
sentinelnontargetanimalsdidnotseemtobeaffectedat
eitherdosageWaterlevelsinthepoolswererecedingsorapid
lythatobservationspastthe72hrperiodwereconsiderednot
reliable

Table2showstheresultsoftreatmentofAedesdorsalis

atthreedosageratesattheKentfieldmarshsiteReductionof
mosquitolarvaewasapproximatelythesameregardlessofcon
centrationThepathogenremainedactiveatthissitedespite
thehighestsaltconcentration32 recordedforanyfield
studyThereducedwindactionduetotheheavystandsof
Salicorniaincombinationwiththegreaterbuoyancyofthe
saltwaterprobablyaccountedforthelargenumberofdead
larvaeobservedfloating24hrsaftertreatmentUnderthese
particularconditionsthepercentreductioninlarvalpopula
tionsrecordedinTable2wereapproximatelythesameasthe

Numberof3rdinstarAedesdorsalisdip

04

01

10

38

40 26 1050
6 2 1050
0 0 1050

24hrs 72hrs 0hrs 24hrs 72hrs

Control

130

51

48hrs

Control

950
950
950

REFERENCESCITED

Test Control

04 51

SameAreaUsed

24hrs 72hrs

950
850
850

Approximate

percentreduction

90

85

90

averageratioofdeadtolivelarvaeintheposttreatmentdips
thusgivinganotherverificationoftheefficacyofthetreat
ments

Thethirdandfinalfieldtestindicatedanoverallreduction

ofAedesdorsalislarvaebyabout95Table3Inthispartic
ulartesttreatmentwasrestrictedtotheareawheremosquito
larvaewereobservedwithanadditionallhmaddedasabuffer

zoneThustherewasopportunityformixingofthetreated
areawithuntreatedwaterwhichifitdidoccurdidnotseem
toaltertheefficacyofthetreatmentdrasticallyatthetreat
mentrateof2kghaThewaterlevelinthestudyareareceded
rapidlyoverthe3dayperiodwhichaccountedforthelarge
numberoflarvaeperdipinthelasttreatmentsite

deBarjacH1978UnNouveauCandidatalaLutteBiologiqueContre
lesMoustiquesBacillusthuringiensisvarisraelensisEntomophaga
234309319
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forniaAgriculture
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LABORATORYANDFIELDSTUDIESOFBACILLUSSPHAERICUSSTRAIN15934

ANDBTHURINGIENSISSEROTYPEH14

TheactivitiesofbothBacillussphaericusstrain15934
andBthuringiensisserotypeH14BtH14werelowerin
rawandautoclavedsewageeffluentthanthoseintapwater
ReductionofactivityinpollutedwatersofBsphaericuswas
causedbythesuspendedsolidsfractionoftheeffluentActiv
ityofBsphaericuswasgreatlyreducedbyexposuretodirect
sunlightwhiletheactivityofBtH14remainedstableThe
activeingredientofBsphaericussettledtothebottomof
treatedstreetcatchbasinswhereprolongedresidualactivity

FSMulliganIIIandCHSchaefer

UniversityofCalifornia

MosquitoControlResearchLaboratory
5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT
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GoldbergLJandJMargalit1977Abacterialsporedemonstrating
rapidlarvicidalactivityagainstAnophelessergentiiUranotaenia
unguiculataCulexunivittatusAedesaegyptiandCulexpipiens
complexMosqNews37355358

UndcenAHandWLNagel1978TheeffectofBacillusthuringien
sisONR60AstrainGoldbergonSimuliumlarvaeinthelaboratory
MosqNews38524527

wasobtainedReinfestinglarvaewerenotaffectedapparently
theydidnotfeedfromthebottomTheresidualactionof
BtH14wasshortlivedinthecatchbasinsTreatmentof
002hapastureplotswithBtH14resultedineffectivecon
trolofAedessppandCulextarsalisat1kghaAnaerial
applicationonaduckclubwithBtH14at1kghaproduced
a99reductionofCxtarsalisapparentlywithoutadverse
affectonpredatorpopulations



MERMITHIDNEMATODESINMOSQUITOCONTROL

INTRODUCTIONThesuccessfulreleaseandestablish

mentofamermithidparasiteofmosquitoesRomanomermis
culicivoraxRossandSmithhasbeendemonstratedinLouisi
anaPetersenandWillis1975andMarylandNickle1979
In1977smallexperimentalfieldreleasesofRculicivorax
wereinitiatedattheUniversityofCaliforniaRiversideto
determinetherecyclingtimeandtheabilityofthenematode
topersistintheabsenceofpopulationrecruitmentThislatter
conditionwasimplementedbypreventingtheentranceofhost
mosquitoesintotheexperimentalponds

MATERIALSANDMETHODSRculicivoraxwaspropa
gatedinautogenousCulexpipiensLinnaeusaccordingtothe
proceduresofPlatzerandStirling1978Postparasiticnema
todeswerecollecteddailyduringtheemergencephaseandthe
volumeofpostparasiteswasmeasuredbycentrifugingsuspens
ionsofnematodesin50mlgraduatedcentrifugetubesfor2
minat220gAftermeasurementofthevolumeofpostpara
sitesthenematodesweresuspendedin700mlwaterandthe
suspensionwasdividedinto14partsbydispensing50mlali
quotsinto100mlplasticfoodcontainersThesuspensionwas
agitatedconstantlyduringthedispensingproceduretokeep
thenematodesevenlydistributedinthealiquots

ThesmallexperimentalpondswerelocatedintheMidge
villeexperimentalareaThepondswere1metersquarewith
redwoodbordersandthewaterlevelwasmaintainedbyauto
maticvalvesThesubstratewasamediumcoarsesandThe

averagepHandconductivityofthepondwaterwas80and
680micromhoscmrespectivelyAllpondswerecoveredwith
insectproofscreeningtopreventtheentranceofmosquitoes
duringtheexperimentsAllalgalmatswereremovedduring
thecourseofthestudyPostparasiteswereintroducedintothe
pondsbydistributingonehalfofthenematodealiquotsat7
equallydispersedsitesonthebottomofthepondTwoponds
wereinoculatedateachweeklyintroductionofthepostpara
sitesThesoiltemperatureinonepondwasrecordedcontinu
ouslywithaFoxborothermographThesoiltemperaturewas
detectedwithathennoprobeinsertedintothetop8cmofthe
bottomsubstrate

Theproductionofinfectivestageswasmonitoredthrough
thedailyuseofsentinelmosquitolarvaeforonemonthafter
introductionofthenematodesinthepondsThereaftereach
pondwastestedweeklyorbiweeklyTwentylarvaeofCx
pipiensorAnophelesfreeborniAitkenwereplacedinsentinel
cagesconstructedfrom1quartplasticfoodcontainersThree
openings55x75cmwerecutintothesidesofeachcon
tainerandcoveredwith80meshnylonscreenThemosquito
larvaeweredissectedafter24or64hoursexposureininocu
latedponds

PERSISTENCEINSMALLEXPERIMENTALPONDS

EGPlatzerandJEEby

UniversityofCalifornia
DepartmentofNematologyRiversideCalifornia92521
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RESULTSANDDISCUSSIONDuring19773separate
introductionsofpostparasitesinto6pondsweremadePonds
2and36and7and4and5received4595and75nil
respectivelyofRculicivoraxTherewere1700nematodes
permilliliterofpostparasitesIn3pondsTable1infectious
larvaeweredetectedinsentinelmosquitoesafteranaverage
inoculationperiodof26daysrange19to37daysatamean
temperatureof27CInfectionlevelsroseto100Figure1
Inpond4inoculatedinlateSeptembertheinfectiouslarvae
appearedafter69daysatameansoiltemperatureof19C
Infectiouslarvaedidnotappearintwopondsuntilthefollow
ingsummerTable1Productionofinfectiouslarvaecontinu
edintwopondsuntilmidDecemberwhentheaveragesoil
temperaturefellbelow13C

Thetemperatureofthepondsubstratewasmonitoredcon
tinuouslyduringthewintermonthsandsentinelmosquitoes
wereusedonaweeklybasistocheckfortheresumptionof
parasiteactivityLowparasiteactivitywasdetectedinasingle
pondlateinFebruaryafteranabruptchangeindailymaxi
mumandminimumtemperaturesHowevernofurtherpara
siteactivitywasdetecteduntillateMaydespitesteadilyin
creasingsoiltemperature

SentinelmosquitoeswereinfectedinMaythroughJune
1978inallsixpondsinoculatedinthepreviousyearFigure
1Theaveragepondsoiltemperaturewas21C17to26C
dailyrangeatthetimeofresumptionofparasiteactivity
Parasiteactivityin3ofthesepondscontinueduntillateOcto
bertomidNovemberforatotalperiodof15monthsfromthe
timeoftheintroductionofthepostparasitesDuringthistime
nomosquitobreedingwasallowedintheinoculatedponds
andthereforetheinfectiousprogenywereproducedbythe
initialpopulationofpostparasiticnematodes

DuringJunetoAugust19788morepondswereinoculat
edwithpostparasites410mlperpondIntheseintroduc
tionsRculicivoraxwassuccessfullyestablishedin5or60
ofthepondsInthreepondsinfectiousnematodelarvaewere
detectedwithsentinelmosquitoes26daysrange23to29
dayspostintroductionafteranaveragetemperatureexposure
of27CTable1Intheremaining2pondsappearanceof
infectiouslarvaewasdelayed37and87daysalthoughthe
averagetemperaturewas25to27CFigure1Thesedelays
werenotrelatedtotemperatureandmusthavereflectedthe
effectsofsomeunknownpropertiesoftheseparticularponds
uponthemermithidsOstensiblyallpondswerealikewithre
specttosoiltypewaterdepthexposuretosunlightandtypes
ofaquaticorganismspresent

Theproductionofinfectiousprogenyin1978wasnotas
muchasthatofthe1977introductionsFigure1Production
ofinfectionscontinueduntiltheendofNovemberwhenthe

averagesoiltemperatefellto12C



Table1ChronologicalrecordofRomanomermisculicivor
axintroductioninsmallpondsandpersistenceofinfections

InfectiousLarvae

Inoculation AvgTempIntervalto1st DateofLast

Pond Date C Appearance Appearance

2 080577
3 080577

6 081077

7 081077

4 092777

5 092777
9 062378

10 062378

13 070678

14 070678

11 072078

12 072078

15 080378

16 080378

27 19days
27 23days

338days
27 37days
19 69days

221days
27 29days

ND

28 25days
ND

25 87days
27 37days

ND

27 23days

061278

103078

111678

083078

061278

110178

080178

ND

110378

ND

062979

060179

ND

060679

Averagedailytemperatureafterintroductionofpostparasitesto
firstappearanceofinfectiouslarvae

Averagetemperaturenotapplicablebecauseofwinterintervalbe
foreappearanceofinfectiouslarvae

NDNodetectionofinfectionswithRculicivorax

Duringtheearlysummerof1979productionofinfectious
nematodesresumedinthreeofthe5successfulpondsinocu
latedin1978afterthetemperaturehadrisentoanaverage
22CFigure1Table1Noinfectionsweredetectedin
pondsinoculatedin1977Theexperimentwasterminated
inearlyJuly1979

ThisexperimentdemonstratedtheabilityofRculicivorax
tooverwinterinSouthernCaliforniaTheoptimalaverage
temperaturefordevelopmentofthepostparasiteswas27C
Maximumdailytemperaturesinpondsoilsdidnotexceed
34CduringhotsummerperiodsProductionandhatchingof
preparasitesispreventedwhensustratetemperaturesfallto
12to13CAfteroverwinteringsoiltemperaturemust
approach21to22Cbeforepreparasiteactivityresumes

Theextendedpersistenceoftheparasitethrough2mosqui
toseasonsfor15monthswasshownThispersistencewasdue
undoubtedlytothevariabledevelopmentalratesofthepost
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Figure1RecyclingofRomanomermisculicivoraxinsmall
pondsatMidgevilleUCRduring1977to1979Theinfectiv
itycurverepresentsaweeklyaverageofinfectionsinallponds
Infectionsweremeasuredafter24or64hrexposureofsenti
nelmosquitoesThetemperatureswererecordedfromthe
bottomsedimentofonepondandrepresenttheaverageweek
lyMaximumandminimumtemperatures

parasitesandeggsthatcanbeobservedreadilyinlaboratory
massculturesThisvariabilitysuggestssubstanialgeneticheter
ogeneityinRculicivoraxSuchpersistenceinmosquitohabi
tatssuggestedthatinthecaseofmosquitoeradicationthe
treatedhabitatwouldbefurtherprotectedfromnewmosqui
toimmigration

REFERENCESCITED

NickleWR1979Probableestablishmentandoverwinteringofa
mermithidnematodeparasiteofmosquitoesinMarylandProc
HelmintholSocWash462127

PetersenJJand0RWillis1975Establishmentandrecyclingof
amermithidnematodeforthecontrolofmosquitolarvaeMosq
News34526532

PlatzerEGandAMStirling1978Improvedrearingprocedures
forRomanomermisculicivoraxProcCalifMosq VectorControl
Assoc468788



MASSMARKINGOFMOSQUITOFISHPRELIMINARYRESULTS

BruceVondracekWayneAWurtsbaughandJosephJCechJr

UniversityofCalifornia
WildlifeandFisheriesBiologyDavisCalifornia95616

Threenarkingtechniquesweretestedtodeterminetheirapplica
bilityformosquitofishTetracyclinedrugsandDCAFadministeredin
thedietsuccessfullymarkedlaboratoryculturedmosquitofishbutex
posuretodirectsunlightinoutdoortanksresultedintherapiddisap
pearaceofthemarksPreliminarydataonfluorescentmarksfroma
polystyrenepigmentinamelaminesulfonamideformaldehyderesin
forcedintothedermaltissuewithcompressedairaremorepromising

INTRODUCTIONAlthoughthemosquitofishGambusia
inishasbeenintroducedthroughoutCaliforniaasabiolog

icalcontrolagentformosquitoesmanyaspectsofthemicro
distributionandpopulationdynamicsofthisspeciesarepoor
lyunderstoodAccurateassessmentsofmosquitofishpopula
tiondensitiessurvivalratesdispersalratesanddispersal
distancesareimportantforeffectivemosquitocontrolwhile
minimizingdisturbancetolocalfishcommunities

Markingfishinsomemanneregtagsfinclipsisoften
themoststraightforwardtechniqueusedincalculatingpopula
tionparametersseeLairdandStott1978Tagsareinappro
priateformarkingmosquitofishduetothesmallsizeofthese
animalsandthelargenumberswhichmustbemarkedto
obtainaccuratepopulationdataAdesirablemarkformos
quitofishwould1berapidlyandeasilyappliedtolargenum
bersoffish2notaffectbehaviororincreasemortalityrates
throughpredationand3bedistinctiveandretainedforsev
eralmonthsTheobjectiveofthepresentstudywastodevelop
amarkingtechniquehavingtheabovecharacteristics

Threemarkingtechniqueswhichhavebeenusedsuccess
fullyforotherfishesweretestedonmosquitofishThetetra
cyclineseriesofdrugswasusedbyWeberandRidgeway
19621967tomarkskeletalstructuresandscalesofPacific
salrnonidsTetracyclineaddedtothedietisincorporatedinto
collagenfibrilsofbonesandscalesThedepositedantibioticis
detectablebyayellowfluorescencewhenexposedtoultra
violetUVlightWeberandRidgeway1962Thesecond
compoundtestedwas24bisNNdicarboxymethylamino
methylfluoresceinDCAFwhichisalsoadministeredinthe
dietHankin1978reportedDCAFwasincorporatedinto
growingscalesofguppiesPoeciliaretieulataandisdetected
asayellowgreenfluorescencewhensubjectedtoUVlight
Finallywetestedafluorescentpolystyrenepigmentina
melaminesulfonamideformaldehyderesinwhichisforced
intothedermaltissuewithcompressedairfromasmallsand
blastinggunJackson1959Scidmore1961Phinneyetal
1967PhinneyandMatthews1969Detectionofthepigment
requiresexposuretoUVlight

METHODSTetracycline Oxytetraclineandchlorotetra
cyclineSigmaChemicalCowereusedtotesttheapplica
bilityofthetetracyclineantibioticseriesasamarkerformos
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Atanoptimaldeliverpressureof73mHg140psiandspraying
timeof15secmarkingpercentageismaximizedandfishmortalityis
minimizedMarkretentiontimewasupto80daysinoutdoortanksat
thiswritingLongretentiontimesandtheavailabilityoffourcolors
increasesthepotentialofthismarkingtechniqueasausefultoolin
fieldpopulationstudiesofmosquitofish

quitofishThesechemicalsandinmanycasesapotentiator
wereincorporatedintothedietbymixingthemwithan
aqueousslurryofacommerciallyavailablefoodBasic
Flakeinablenderthendryingtheslurryonfoilsheetsto
reformaflakedietTetracyclinewasadministeredatthree
levels100250and500mgtetracyclinekgofmosquitofish
dayWeberandRidgeway1967statethat300mgkgday
fedtoyoungsalmonidsresultedingoodmarksGlucosamine
wasusedasapotentiatorWeberandRidgeway1967incon
junctionwithtetracyclineatfourlevels02550and200mg
glucosaminekgofmosquitofishday

MosquitofishGambusiaaffinisforallexperimentswere
collectedfromalocalstreamandheldinflowthroughtanks
receivingacontinuousflowoftapwaterTemperaturesofthe
nonchlorinatedtapwatersupplyvariedseasonallybetween18
and23CGroupsoftwentymalesorfemalesoftwoqualita
tivesizessmallca1520mmandlargeca2530mmstandard
lengthwereusedinthefeedingtrialsAssmallfemalesexhibit
thefastestgrowthratesandthereforepresumablyincorpor
atetetracyclineatthehighestratethisgroupwasalsotested
atvarioustetracyclinepotentiatorconcentrationsTable1
Othersexsizecombinationswerechosenforcomparisonwith
smallfemalesatthehighestconcentrationsonlyEachgroup
of20fishwasweighedinataredbeakerofwaterandplaced
in151flowthroughaquariaEachexperimentalgroupwas
fedat20initialaveragebodyweightdayintwodailyfeed
ingsfor21days

ThetreatedfishandacontrolgroupreceivingonlyBasic
1takewereexaminedat41015and21daysafterthe
initialfeedingtoassessonsetandintensityofmarkingEach
groupoffishwasplacedinashallowpan1cmwaterdepth
andviewedunderUVlightGE40Wfluorescenttubespec
tralemissionpeak360nm

After21dayseachexperimentalgroupwasdividedinhalf
Tenfishweremovedtooutdoor151aquariareceivingdirect
sunlightthroughoutthedayAfter24hoursthesefishwere
examinedandcomparedtotheremainingexperimentalfish
heldinsidethelaboratoryundernormalfluorescentlighting

DCAF 24bisNNdicarboxymethylaminomethyl
fluoresceinDCAFwasadministeredorallyincombination
withglucosatnineandBasicFlakeTworationlevels100and



1000mgDCAFkgofmosquitofishdaywerefedinconjunc
tionwith10mgglucosaminekgdayTable1DCAFwas
dissolvedin05NNaOHandthenincorporatedintotheflake
dietinthesamemannerusedfortetracyclineExperimental
fishwerefedat20initialaveragebodyweightdayintwo
dailyfeedingsfortendays

FishwereviewedunderUVlightsourceat4and10days
afterinitialfeedingtoassesstherateofDCAFincorporation
inthescalesAfter10dayshalfofthefishwereplacedout
sidein151aquariaFishwereexaminedafteronedayexpos
uretosunlightandcomparedtoexperimentalfishheldinside
underlaboratorylighting

FluorescentPolystyrenePigment Theequipmentused
fortheforcedexternalapplicationofthispowderedsubstance
includes1alowpressurespraygunandhosePortaBlast
LindbergProductsCo2acompressedairtankwithsingle
stageregulator3acontainertoholdfishduringmarking
and4thefluorescentpolystyrenepigmentinamelamine
sulfonamideformaldehyderesinavailablefromScientific
MarkingMaterialsSeattleWashington

Onehundredfish15mmstandardlengthwereusedin
eachmarkingtrialThefishwereplacedina30X30X5cm
boxwithwoodsidesandplasticscreenbottom1mmx1mm
meshandtop3x4mmmeshtoretainfishinsideFourde
liveryairpressuresweretested100120140and160psi
attwotime10and15secdurationsTable2Immediately
followingpigmentapplicationfishwererinsedwithwaterand
placedintoawaterbathEachgroupwasdividedinhalfand
placedinto151flowthroughaquariaAsinglepotassiumper
manganateKMnO4treatment2ppmwasflushedthrough
theaquariatoretardbacterialinfection

Table1SummaryofexperimentaldesignoftheconcentrationsexandsizecombinationsoftetracyclinedrugsandDCAF
administeredtomosquitofishinthediet

MarkingChemical Concentrationmgkgd

Tetracycline
Tetracycline
Tetracycline
Tetracycline
Tetracycline
Tetracycline
Tetracycline
Tetracycline
Tetracycline

TetracyclineHCL
TetracyclineHCL
TetracyclineHCL
DCAF

DCAF

DCAF

DCAF

DCAF

DCAF

DCAF

Potentiatormgkgd Sizesex Numberoffish MeanfishWeightg

100 25 smallfemale 20

250 25 smallfemale 20

500 25 smallfemale 20

250 0 smallfemale 20

250 50 smallfemale 20

250 200 smallfemale 20

250 25 largefemale 20

250 25 largemale 20

250 25 smallmale 20

100 25 smallfemale 20
250 25 smallfemale 20
500 25 smallfemale 20

100 10 smallfemale 10

100 10 smallfemale 10

1000 10 smallfemale 10

100 10 mixedmale 10
100 10 mixedmale 10
100 10 largefemale 10

100 10 largefemale 10
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Afterpigmentsintheexternalmucuscoathadsloughed
34daysthefishwereexaminedunderUVlightMarksclear
lyvisiblefromabovewhentheUVsourcewasplaced45cm
abovethefishwereconsideredacceptable

Afterinitialinspectiontreatmentgroupsandacontrol
groupoffishwereplacedinoutdoorglassaquariatodeter
minemarkinginducedmortalityratesandtheeffectsofsun
lightonmarkdurationandintensityDeathsoccurringwithin
24hrofpigmentapplicationwereclassifiedasinitialmor
talitiesAcontinuingrecordofmortalitieswasmantainedto
determinelongtermmortalityrate

RESULTSTetracyclineandDCAF Allfishfedtetracy
clinedrugsandDCAFexhibitedavisiblefluorescencewhen
exposedtoUVlightWithin10daysthescalesofallfishre
ceivingDCAFintheirdietwerefluorescentwhile21dayswas
requiredforthetetracyclinefedmosquitofishThisfluores
cencepersistedinfishheldinsidethelaboratoryforatleastan
additional24hrHoweverexposuretodirectsunlightforone
dayresultedinthedisappearanceoffluorescencefrommos
quitofishfedeithertetracyclineorDCAF

FluorescentPolystyrenePigment Markingsuccesswas
positivelycorrelatedwithdeliveryairpressureandtimedura
tionThepercentmosquitofishmarkedincreasedfrom20at
100psitoapproximately60at160psibasedonper
centageoftheinitialsampleof100fishTable2Initial
mortalitypercentageswerealsopositivelycorrelatedwith
deliverypressureandtimedurationPercentinitialmortality
wasverylowat100120and140psibutincreaseddramat
icallyat160psiTable2Ontheotherhandextended
mortalitypercentageappearedtobeuniformlylowforallde
liverypressuresandtimedurationsexceptforthetreatment

342

276

299

365

355

293

943

202

124

329

318

345

524

433

544

209

217

904

1211



Table2Markingsuccessandmortalityratesofmosquitofishatdifferentdeliveryairpressuresandtimedurationswithfluores
centpolystyrenepigmentforcedintodermaltissuesInitialmortalitieswererecordedafter24hrextendedmortalitiesafter80
days

Deliverypressurepsi Timedurationsec

Extendedmortalitynotmeasured

at120psiThemortalitypercentageat120psiwasfive
timeshigherthanothertreatmentsbutstillbelowthenumber
ofmortalitiesobservedinthecontrolgroupTable2Deliv
erypressuresof140psifor15secseemstobetheoptimal
markingprotocolatthistimeMarkingsuccessisnear50
whilemortalityratesarelow

Markretentionstudiesarestillunderwayontwogroups
initiallymarkedat100psifor10secand140psifor15
secThesefishhaveretainedclearanddistinctivemarksfor

80daysatthiswritingevenwithexposuretosunlight
DISCUSSIONWeberandRidgeway1962andHankin

1978usingtetracyclineandDCAFrespectivelyobtained
fluorescentringsonscalesoffishesInbothcasesindividual
scaleswereviewedusingamicroscopeMarkswereretainedat
leastthreemonthsusingeitherchemicalToallowmosquito
fishlifehistoryparameterstobeevaluatedwithminimal
laboratorytimemarkedmosquitofishmustbeimmediately
recognizedThusthetetracyclineandDCAFdosagesinthe
presentstudywereincreasedanaverageofthreefoldover
thoseusedinpaststudiesinordertomarkthewholefish
NeverthelessthefluorescentmarkdisappearedfromGambusia
afteronedayindirectsunlightMosquitofishtypicallyinhabit
surfacelayersofshallowwarmwatersThustheyareexposed
tocomparativelyintensesolarradiationincludingsomeUV
Wetzel1975whichapparentlyobliteratesthemarkspro
ducedbythetetracyclineandDCAFtechniquesIncontrast
thepreliminaryresultsusingthesprayedpolystyrenepigments
meetallthecriteriadesiredformosquitofishmarksThatis
themarkiseasilyandrapidlyappliedisnotvisibleunder
visiblelightandisretainedforasufficientperiodtoobtain
pertinentlifehistorydataPribble1976reportsthat35000
fishcanbemarkedperhourandthatthesprayedpigment
markswereretainedatleasttwoyears

Theavailabilityof4colorsoffluorescentpigmentsincreas
esthesophisticationofpotentialmarkrecapturedataForex
amplemovementsoffishsimultaneouslyplantedatdifferent
locationscouldbedistinguishedAlsothegrowthandmosqui
topredationperformanceofdifferentgeneticstockscouldbe
quicklyassessed

MarkingSuccess InitialMortality ExtendedMortality
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Asthesepreliminarydatadonotincludereplicatestesting
spraydeliverypressurestimedurationsoreffectsoffishsize
orsexfurtherstudiesshouldbeconductedpriortowidescale
fieldapplicationsFieldexperienceshouldstreamlinethe
markinghandlingandidentificationoflargenumbersofmos
quitofishinstockedhabitatsReliableestimatesofnarking
successandresultingmortalitiesshouldenhancetheprecision
ofmosquitofishpopulationsizecalculations
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THEFOODDEMANDSOFMOSQUITOFISHGAMBUSIAAFFINIS

Usingrespiratorymetabolicmeasurementstheoxidativefood
demandcaloriesdayformosquitofishGambusiaaffiniswasdeter
minedunderrestingconditionsatsixtemperaturesandthreecon
centrationsofdissolvedoxygenGravimetricandbombcalorimetric
measurementsofCulextarsalisinstarsallowedcalculationofmosqui

INTRODUCTIONAsclassicectothermscoldblooded
animalsmostfishesshowincreasedratesofrespiratory
metabolismwheninwarmerenvironmentsSchmidtNielsen
1979Atwarmertemperaturestheratesofintracellularbio
chemicalreactionsspeedupandthedemandforfoodasa
substrateforthesereactionsincreasesThedemandforoxy
genincreasesinproportiontothefooddemandaslongasoxi
dativebiochemicalpathwaysareusedforenergyconversion
Aspartofourproposedfiveyearprogramtodevelopabio
energeticmodelformosquitofishGambusiaaffinisweunder
tookaseriesofmeasurementsofGambusiarespiratorymetab
olismtoquantifythefoodandoxygenrequirementsatvarious
temperaturesanddissolvedoxygenlevels

METHODSAmultiplechamberedflowthroughrespiro
meterwasconstructedfrompolystyrenevinylandPVCplast
ictubingTheapparatuswassituatedinaninsulatedwater
bathwhichprovidedthesourceofflowingwateraswellas
temperaturecontrolFigure1Experimentalmosquitofish
wereobtainedlocallyorfromtheSutterYubaMosquito
AbatementDistrictandheldinfiberglasslaboratorytanks
1251Fishwereheldattheexperimentaltemperature
whichapproximatedambientfieldconditionsFishwerefed
13timesdailyonanadlibrationofTetraminuntil2448h
priortoexperimentationIndividualmosquitofishwereplaced
ineachchamberandthetopoftheapparatuswasmounted
toshieldthefishfrommovementsoftheinvestigatorsand
otherlaboratorybasedstimulationThefishweregivenan
overnightperiodtoaccustomthemselvestotheirsurroundings
Overthefollowingtwodayperiodoxygenconsumptionrates
asmeasurementsofrespiratorymetabolismweredetermined
asmosquitofishwereexposedtonormoxicandtwolevelsof
hypoxicwater40and25torrP02ti25and15ofair
saturationrespectivelyHypoxicwaterwasgeneratedbyregu
lationofcountercurrentflowsoftankwaterandnitrogrengas
inaverticaloxygenstrippingcolumnCechetal1979

Oxygenconsumptionratesmg02kgbodymasshwere
calculatedbymultiplicationoftheoxygenconcentrationdif
ferencesacrosseachrespirometerinflowingoutflowingby
thewaterflowratewithadjustmentforbodymassWaterflow
wasmeasuredbytimedvolumetriccollectionofwaterflowing
outofeachrespirometerchamberDissolvedoxygenconcen
trationswerecalculatedfromoxygentensionP02measure

JJCechJrMJMassingillandTEWragg
UniversityofCalifornia

WildlifeandFisheriesBiologyDavisCalifornia95616
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tofishfooddemandsintermsoffeedingratesonmosquitolarvae
Fooddemandsrangedfrom44largemosquitolarvaeor352
smalllarvaedayinwaterat10Cand25torrdissolved oxygen

tensionto581largemosquitolarvaeor4633smalllarvae
dayin35Cwateratairsaturationfor amosquitofishweighing05g

mentsRadiometerPHM71D616E5046electrodemeter
systemappliedtoanoxygensolubilitynomogramGreen
andCarritt1967Wetbodymassdeterminationswere
madeaftertheoxygenconsumptionmeasurementsby10sec
dipsinacetonefollowedby30secofpapertowelblottingof
theimmobilizedfishandimmediateweightingtothenearest
01mgMettlerH10balanceConfidenceinthismethodis
enhancedbythe97correlationbetweenwetanddryweights
Dryweightsforeachfishweredeterminedafter48hin a

dryingovenat70C
Oxygendemandswereconvertedtofoodenergycaloric

demandsbymultiplyingmgof02usedbytheoxycalorificco
efficient322calmg02Fortytwoindividualmosquitofish
wereusedtocalculatemeanfooddemandratesateach
temperature

DryweightsoffifteenlargeCulextarsalislarvae3rdand
4thinstarsandfifteensmalllarvae1stand2ndinstars
weredeterminedtothenearest01mgMettlerH10balance
afterdryingthem96hina60CdryingovenAlsoseveral
hundredCxtarsalismosquitolarvaemixedlarvalstages
weregroundinamotorizedblenderand amortarandpestle
andpelletizedfortriplicatebombcalorimetricdeterminations
ofmeanenergycontentofthelarvaePhillipson1966No
estimateofindigestibleorganicpercentagewasmade

RESULTSTheaveragedryweightofasmallmosquito
larvawas002mgwhereasthelargelarvaeaveraged016
mgapieceCalorimetricanalysesyielded50810 00284
x SDcaloriesmg1larvaeThuseachsmalllarvacontained
anaverageof01016calorieswhileeachlargelarvacontained
anaverageof08130caloriesBydividingthedailycaloric
foodenergydemandsofa05gGambusiadeterminedby
respiratorymetabolicdatabythecaloricvalueofthemos
quitolarvaethedailyfooddemandsattheexperimental
temperaturesanddissolvedoxygenconcentrationswerecal
culated

Undernormoxicconditionsthedemandforoxygenand
forfoodincreaseswithincreasingtemperaturebyapproxi
maely228foldper10CincreaseintemperatureFigure2
Therelationshipat40torrP02issimilarexceptat35C



Figure1MosquitofishFlowthroughRespirometerApparatus

wherefooddemandfailstoincreaseFigure3Whendissolv
edoxygenisreducedto25torrsignificantmetabolicdepres
sionsfromthe40torrlevelofhypoxiaaredemonstrated
P01byttestat2530and35CFigure4

Overallwemeasuredanapproximate12folddifferencein
fooddemandextremesbetweenthefishinthe10Cand25
torrP02Habitatatthelowerendandthoseat35Candnor
moxicconditionsattheupperend

DISCUSSIONTheresultspresentedintermsofnumber
oflargeorsmalllarvaeconsumedperdayareanapproxima
tionofafeedingrateunderfairlyquiescentconditionsThe
respirometerchambersizeanddesigndidnotallowextensive
movementbytheexperimentalanimalsTheactualfoodcon
sumptionrateovera24hperiodinahabitatsuchasarice
fieldwilldependontheavailabilityofpreyofvarioussizes
andspeciesWurtsbaughetal1980HessandTarzwell1942
HarringtonandHarrington1961Alsothemetabolicdemand
forfoodisexpectedtoincreasewithlargerbodysizeand
higheractivitylevelsRajagopalandKramer1974measured
elevatedrespiratorymetabolicratesforbiggerUtahchubs
GilaatrariaandspeckleddaceRhiniehthysosculusandat
elevatedactivitylevelsforbothspecies
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Gambusiaenergycostsforswimmingactivitygrowthand
developmentofreproductiveproductswillbeelucidatedin
currentandfuturelaboratoryexperimentstomorefully
developthebioenergeticmodelofthisspeciesEarlysummer
watersamplesfromricefieldsintheSacramentoandSan
JoaquinValleysshoweddissolvedoxygensaturationlevelsin
excessof200CechetalunpublisheddataThustheeffect
ofhyperoxicaswellashypoxicenvironmentalconditionson
mosquitofishenergyconversionratesneedstobeexamined
Theultimatepredictivevalueofthebioenergeticmodelto
mosquitoabatementandpublichealthpersonnelshouldbeen
hancedbyrefinementsemantingfromfuturefieldtests
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EFFECTOFFISHSIZEONPREYSIZESELECTIONINl11BUS1 11AIS
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INTRODUCTIONCambusiaaffinisiswidelyusedtocon
trolmosquitopopulationsbuttheefficacyofthesefishoften
varieswidelybetweenhabitatsAlthoughsomeinformationis
availableonthedietsofCambusiaBarneyandAnson1920
HessandTarzwell1942HarringtonandHarrington1961
WashinoandHokama1967MaglioandRosen1969Walters
andLegner inpressrelativelylittleisknownaboutfactors
influencingpredationratesorpreychoiceandconsequently
littleisknownaboutfactorsaffectingtheefficacyofthecon
trolprocessItisextremelydifficulttostudythepredation
processinthefieldsincesomanyfactorsaffectingpredation
areuncontrollediefishsizehungerstateandexperience
preyavailabilitydistributionandescapemechanismsenviron
mentaltemperatureandlightlevelsBystudyingpredationin
thelaboratorywecanisolatespecificfactorsanddetermine
theirimportancetothefeedingprocessThisapproachhas
beenusedprofitablybyothersstudyingfishpredation
OBrien1979Werner1977Whenenoughfactorshavebeen
investigatedwemaybegintounderstandCambusiapredation
inacomplicatednaturalenvironment

Animportantfactoraffectingfishfeedingissizeselective
predationBrooksandDodson1965Therehasbeenacon
siderableamountofworkinaquaticecologywhichdemon
stratesthatmostfishfeedonspecificsizesoforganismsand
thatthissizeselectivityissoimportantthatitcanmodify
communitystructureforreviewseeOBrien1979Most
workinthisareahasemphasizedthefeedingbehavioroflarge
fishandtheconclusionoftenreachedisthatplanktivorous
fishconsumemanymorelargesizedpreythanwouldbethe
caseifthefeedingwererandomOBrien1979Unfortun
atelythedietsoffishlarvaeandfryareoftenignoredsothat
littleisknownabouttheirsizeselectivityAprioriwewould
notexpectalarvalfishtoconsumethelargestpreyintheen
vironmentwhenthatpreymightbethesamesizeorlarger
thanthepredatorWerner1974hasshownthatfishsizeis
importantindetermininghandlingtimeinsunfishesand
Elston1975hasshownhowfishsizeinfluencespreysize
selectioninMenidiaaudens

ABSTRACT

FoodsizeselectionofthemosquitofishGambusiaaffinisaffinis
wasmeasuredinaquariausingjuvenilestagesofthemosquitoCulex
tarsalisaspreyFishsizevariedfromrecentlybornfrytolargeadult
females

FoodsizeselectionwaspositivelycorrelatedwithfishsizeMosqui
tofishfry68mmstandardlengthattackedandateprimarilyfirstand
secondinstarlarvaeFryattackedlargerinstarsbutattacksuccesson
thesewaslow0 50Fishlargerthan20minattachedprimarily
pupaeandthirdandfourthinstarlarvaNofirstinstarmosquitoeswere
eatenAttacksuccessforthesefishwasabove65forallinstars
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Thisstudyreportspreliminaryresultsontheselectivefeed
ingbehaviorofCambusiaaffinisranginginsizefromrecently
bornfrytolargeadultfemalesThepreyorganismstested
werethefiveinstarsofthemosquitoCulextarsalis

METHODSThepreyselectionexperimentswereconduct
edinglassaquaria5gallonfilledwith17litersofwaterSur
faceareasoftherectangularaquariawere820cmTempera
turesweremaintainedat25 2Cduringacclimationand
duringthefeedingtrialsFlourescentroomlightsilluminated
theaquariafromabove

Theexperimentalfishwerefromawildstockobtainedat
theWheatlandCaliforniaSewageTreatmentPlantThefish
weremaintainedinthelaboratoryonpreparedflakedietsFry
68mmusedintheexperimentswereborninthelaband
werebetween6and60daysoldThelargerfishtakenfrom
thefieldmayhavehadsomefeedingexperienceonmosquito
larvaebuttheyhadbeenkeptinthelaborrtoryforover120
dayswithoutaccesstonaturalpreyorganisms

TheCutertarsalisDavisstrainwererearedinsynchronous
culturesInmosttrials20ofeachinstar14andpupaeP
wereplacedina25mmdiameterpetridishbeforeanexperi
mentInthefirstsetoftrialsonlyinstars14wereusedTen
feedingtrialswereconductedonthreeseparatedates

Beforeatrialthefishwereallowedtofeedforonehouron

aflakedietFivesimilarlysizedfishwerethenplacedinatest
aquariumandkeptforthreehourswithoutfoodtoprovidea
moderatestandardizedhungerlevelThepreyorganismswere
introducedbysinkingthepetridishinthecenteroftheaquar
iaBehavioralobservationsweremadethroughoutthefeeding
boutThenumberofattacksandattacksuccessonparticular
insectswererecordedduringthetrialAlarvaewasconsidered
attackedifthefishcontacteditAsuccessfulattackresulted
inaningestionUnsuccessfulattacksoccurrediftheinstar
evadedthepredatororifthepredatordischargedtheprey
fromitsmouthTheaccuracyofthisbehavioralobservation
islimitedduetothedifficultyincorrectlydifferentiatingthe
fiveinstarsduringanattackThefishusuallybeganfeeding
withinthirtysecafterthepreywereintroducedandfeeding



activityoftendecreasedconsiderablyafterthefirst3to5min
Thiswasprobablyduetothefishbecomingsatiatedandtothe
factthatafterseveralminutesmanyofthemosquitoeshad
movedtotheperipheryofthetankandwererelativelyincon
spicuousthereinthemeniscusAfterthefishhadfedforten
minutestheywerenettedfromthetankandpreserved

Theactualingestionofthevariousinstarswasdetermined
bydissectingthefishandmeasuringtheheadcapsulewidths
ofthepreyat30XmagnificationThestandardlengthofeach
fishwasalsorecordedManyofthelarvaeinthegutswerepar
tiallydigestedHoweverheadcapsulesofthelarvaewere
usuallyintactandwereusedtoidentifyandcountinstars
Theheadcapsulewidthsofthedifferentinstarsweredeter
minedonfreshlypreservedlarvaeFigure1Bwhichallowed
ustoassignapreyitemtoaninstarcategoryTherelationship
betweenheadcapsulewidthandtotalbodylengthtipofhead
oftheendoftheabdomenwithsiphonexcludedwasalso
determinedFigure1AThisregressionwasusedtoassign
lengthstothepreyeaten

RESULTSThefeedingtrialsdemonstratedthatGambusia
sizeeffectspreysizeselectionFishlessthan8mmateprimar
ilyfirstandsecondinstarlarvaeFigure2Thefewthirdin
starlarvaeeatenhadanestimatedsizeof3mmNofourth
instarorpupaewereeatenbyfryGambusiabetween12and
18mmateapproximatelyequalproportionsofallinstarsThe
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bodylengthsoffirstinstarsthroughfourthinstarsrangedfrom
1to5mmFishlargerthan20mmateprimarilylateinstars
withveryfewsecondandnofirstinstarsbeingchosenThe
correspondingsizerangeofpreyeatenwas2to5mmFish
largerthan30mmchoseprimarilyfourthinstarlarvaeHow
everwehaveonlyexperimentedwithfivefishofthissizeso
ourresultsareonlytentative

ThebehavioralobservationsindicatedthatGambusiawill
attackawiderrangeofpreysizesthantheyarecapableof
eatingGambusiafryattackedsecondinstarlarvaemorethan
anyotherpreyFigure3andattacksuccesswasmaximalfor
thisinstarFigure4Fryalsoattackedfourthinstarsand
pupaebutallofthesepreyescapedandconsequentlydidnot
appearinthedietFryalsoattackedahighproportionofthird
instarlarvaebutattacksuccesswasonly50Figure4and
consequentlyrelativelyfewthirdinstarsappearedinthediet

IncontrasttofryintermediatesizedGambusia1826mm
attackedprimarilythethirdfourthandpupalinstarsFigure
3Only7oftheattackswereonsecondinstarlarvaeWe
alsorecordedseveralsuccessfulattacksonfirstinstarlarvae
Howeversincenofirstinstarsappearedinthegutsofthese
fishFigure2thismayhavebeenduetoincorrectinstar
identificationduringtheobservationsAttacksuccessvaried
from100onsecondinstarlarvaeto68onfourthinstars
Figure4Manyoftheunsuccessfulattacksweobservedwere
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duetofishdischargingthepreyfromtheirmouthsThiswas
particularlyevidentforattacksonpupaeinlatestagesof
development

DISCUSSIONOurdataandobservationsindicatethat

severalfactorsinfluencepreychoiceinGambusiaeveninthe
simpleexperimentalsystemsweusedThedatademonstrate
thatbothfishsizeandpreysizeinteracttodetermineprey
choiceWhilesmallfryattackedsomelargepreytheywere
unsuccessfulincapturingthemandthedietconsistedprimar
ilyofearlyinstarsLargerfishhadlittledifficultyeatingeither
earlyorlateinstarlarvaeHowevermostoftheirattackswere
directedatthelargestpreyavailableConsequentlyitappears
thatGambusiawillchoosethelargestpreytheycansuccess
fullycaptureOBrienetal1976havedevelopedamodelfor
preychoiceinplanktivorousfishwhichpredictsthatbecause
largepreyaremorevisiblethansmallpreytheywillbeattack
edproportionatelymoreoftenthanthesmallerorganismsOur
resultsindicatethatthismodelmustbemodifiedforfishlar

vaeandfrywhichreduceattacksonlargepreywhichthey
couldnotconsume

Ourbehavioralobservationsindicatethatrelativesizealone

doesnotdeterminepreychoiceAssuggestedbyZaretand
Kerfoot1975factorsaffectingvisibilitywillinfluencepre
datorchoiceOnefactorwhichmayhaveinfluencedpreyvisi
bilityinourtestswaspreymovementLarvaeorpupaewere
attackedmoreofteniftheymovedinthevisualfieldofafish
OBrienetal1976reportsimilarfindingsforbluegillsun
fishInsometrialspupaewerequicklydischargedbythefish
aftertheywerecapturedPupaemaybecomephysicallyor
chemicallyunpalatableduringtheperiodwhentheyareim
mobileandeasilycapturedKerfoot1979hasrecentlyiden
tifiedcasesofunpalatabilityandaposematisminsomeaquatic
invertebrates

Sincedifferentsizedfishshowdifferencesinthesizeof

mosquitolarvaetheyconsumeHarringtonandHarrington
1961andourdataallsizeclassesoffishmustbeconsidered
todeterminethedynamicsofthispredatorpreyinteraction
Theimportanceofjuvenilefishinmosquitocontrolshould
notbeunderestimatedsincebothjuvenilefishandearlyinstar
larvaewillbemorenumerousinmosthabitatsthanthelarger
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Figure3Frequencydistributionofattacksondifferent
instarsofCulextarsalisbyfryandintermediatesizedGam
busia
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fishandlateinstarmosquitoesAdditionallysincefrycan
consumenearly100oftheirbodyweightperdayWWurts
baughunpublisheddatatheymayhaveahighimpacton
preypopulationsdespitetheirsmallsize
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PREYSELECTIONBYTHEMOSQUITOFISHGAMBUSIA1FFINIS

INTRODUCTIONThemosquitofishGambusiaaffinisis
currentlytheonlyagentwidelyutilizedforbiologicalcontrol
ofmosquitoesWashinoandHokama1967HoyandReed
1970Californiamosquitocontrolagenciesreportedusingin
excessof23000poundsofmosquitofishtocontrolmosqui
toesin130842acresofpotentialbreedingsourcesduring
1978CMTCAYeaBook1979Rcefieldcomprisedthe
bulkofacreagestocked

ItwasoncethoughtthatthemaindietofGaffiniswas
mosquitolarvaehencethenamemosquitofish However

manyauthrsHesandTarzwell1942BadandAnderson
1966WashinoandHokama1967Ahmedetal1970Miura
etal1979haveshownthatmosquitofisharediversefeeders
andthatmosquitolarvaecompriseonlyasmallpartoftheir
dietReddyandPandian1972showedthatmosquitofish
cannotevensurviveonanexclusivedietofmosquitolarvae

Thefactthatmosquitofisharediversefeederscanmake
themmoreeffectiveincontrollingmosquitoesthaniftheyate
onlymosquitolarvaeTheycanconsumeotherpreyitems
whenmosquitolarvaeareabsentfromasourceandcontinue
toincreasetheirnumbersPopulationsofpredatorswhichde
pendonasinglepreyspeciesfluctuatewiththesizeofthe
preypopulationSuchpredatorpopulationsareslowtoreact
todramaticincreasesintheirpreyInthecaseofmosquitoes
whichtransformfromanaquatictoaterrestrialexistencethe
slowpopulationreactionofanaquaticpredatorwouldmean
ineffectivecontrolsincethemosquitoeswouldbeoutofthe
aquaticenvironmentwhenthepredatorpopulationpeaked

Converselythediversefeedinghabitsofmosquitofish
couldbeadetrimenttotheireffectivenessincontrollingmos
quitoesIfmosquitofishpreferotherpreyspeciestheymight
excludemosquitolarvaefromtheirdietuntilthepreferred
speciesareeliminatedItisthereforeimportanttounderstand
thefeedinghabitsofmosquitofishinaparticulartypeof
sourcebeforepredictableresultscanbeobtained

BayandAnderson1966ReedandHoy1970Hurlbert
etal1972andFarleyandYounce1977alllookedatthe
effectsofGaffinisontheaquaticbiotainvarioussources
Howevernoguttingworkwasdonetocorrelatethefishs
dietwiththeobservedchangesinpreypopulationsWashino
andHokama1967Ahmedetal1970andWashino
1969publishedtheresultsofguttingstudiesofmosquitofish

INFRESNOCOUNTYRICEFIELDS

DavidGFarley

FresnoWestsideMosquitoAbatementDistrict
PostOfficeBox125FirebaughCalifornia93622
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Zaret1MandWCKerfoot1975FishpredationonBosrnina
longirostrisBodysizeselectionversusvisibilityselectionEcology
56232237

inCaliforniaricefieldsbutlittlewaspublishedconcerningthe
aquaticbiotapresentinthefieldsHessandTarzwell1942
andMuiraetal1979publishedgoodstudiesofthefeeding
behaviorofGaffinisinreservoirsandsmallpondsBothcor
relatedtheresultsofguttingandaquaticsamplingtogivea
goodideaoffeedingpreferencesThepresentpaperisastudy
ofthefeedinghabitsofGaffinisinCentralCaliforniarice
fields

MATERIALSANDMETHODSTenricefieldsranging
from30to113acreswereselectedforstudyEightfieldswere
stockedwithmosquitofishat02poundsperacreThefields
werestockedbythethreedropmethodFarleyandYounce
1978Twofieldswereleftuntreatedbyeithermosquitofish
orpesticidesandservedasexperimentalcontrols

Threesitesineachfieldwereselectedforsamplingthe
fourthpaddyfromtheinletthecenterpaddyandthefourth
paddyfromtheoutletFishwerecollectedfromeachsampling
siteforgutanalysisbetweenJune19andJune261979and
betweenJuly25andJuly311979Allfishwerecollectedin
18inchmeshGeeminnowtrapsfishedforamaximumof
fourhoursateachsiteThealimentarytractfromeachfish
wasremovedinthefieldandpreservedin70isopropylalco
holforexaminationinthelab

Aquaticinsectsandcrustaceanswerecollectedinthesampl
ingsitesbetweenJune19andJune291979andonAugust
11979Sixtoeightsamplesweretakenfromeachsiteby
transectingthesitefromshallowtodeependAwatercolumn
samplerconsistingofasixinchidsquarebox12incheshigh
madeof025inchthickplexiglasswasusedFigure1The
boxisopenatbothendsandenclosesanareaof025square
footOneendisfittedwithasteelbandextending05inches
beyondtherimoftheboxAslotiscutinonesideofthe
sampler15inchesabovethebottomAsixinchsquareshelf
canbeinsertedintotheslot

Thesampleriscoupledtoatenfootlongaluminumpoleso
thatitcanbeplungedintothericepaddytenfeetaheadofthe
operatorThesharpenedsteelbandcutsthroughthevegeta
tionanddigsintothesubstrateenclosinga25footsquare
columnofwaterThesamplerispushedintothesubstrate
untilthemudisevenwiththeslotTheshelfistheninserted

intothesamplercompletelyenclosingthecolumnofwater



Figure1Watercolumnsampler

Theunitcanthenbeliftedfromthewaterandthecontents

pouredthroughafunnelandconcentratorHusbands1969
AllsampleswereplacedinWhirlPakplasticbagscontaining
70isopropylalcoholforlaterexaminationinthelab

IvlevsSelectionIndex1961wasutilizedtodeterminethe
degreeofpreferencemosquitofishhadforeachpreyspecies
Theratioiscalculatedasfollows

SelectionIndexSi U V

UV

WhereU numberofanypreyinthegutsin
V numberofthepreyinthepondin

AnSIof000indicatesnopreferenceorrejectionPrefer
enceincreasesastheSIapproaches100andrejectionis
indicatedastheSIapproaches100Statisticalsignificance
ofdifferencesinabundanceofaquaticorganismsinstocked
andcontrolfieldswasdeterminedusingStudentsttest

RESULTSANDDISCUSSIONResultsofthewater
columnsamplingarelistedinTable1CrustaceansCladocera
PodocopaEucopepodawerethemostabundantorganisms
inthericefieldsduringbothsamplingperiodsrepresenting
9556oftheorganismscollectedinstockedfieldsand
9483incontrolfieldsduringtheJunesamplingperiod
DuringtheAugustsamplingperiodtheyrepresented9838
and9884respectively

Thespeciescompositionofthecrustaceachangeddrastical
lyfromonesamplingperiodtotheotherTable2Cladocera
represented5295oftheorganismscollectedfromstocked
fieldsinJune3521incontrolfieldsbutonly1531in
August685incontrolfieldsOstracodsPodocoparepre
sented4096oftheorganismscollectedfromstockedfields
inJune5660incontrolfieldsand8241inAugust
9181incontrolfields

PopulationsofNotoneetaunifasciataCorisellaspLacco
philussppandCallibaetisspweresignificantlylowerinthe
stockedfieldsduringJunewhencomparedtotheexperimental
controlsThisgenerallyagreeswithresultspublishedbyFarley
andYounce1977butdifferswiththeresultsofReedand
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Hoy1970concerningCallibaetisspStatisticallysignificant
differencesinpopulationswereobservedonlyforthetipulid
LimoniaspduringtheAugust1samplingtheirnumbersbeing
higherinstockedfieldsthanincontrolsNoexplanationis
proposedfortheirhighernumbersinstockedfieldsespecially
sinceguttingrecordsshowthattheywereselectedbythefish
SIof88and91forfishgreaterthanandlessthan3cm
respectivelyandcomposedslightlyoveronepercentofthe
dietTable2

TheSelectionIndexTable2indicatesthateventhough
crustaceanscomposedalargepartofthediettheywerenot
eateninthesameproportionsastheyexistedintheenviron
mentThesmallerfishatecladoceransatahigherratethanthe
largerfishbutbothgroupsateostracodsandcopepodsatthe
samerateBoththesmallerandlargerfishdependedoncrusta
ceansmoreduringtheAugustsamplingperiodThiswasprob
ablyduetothe64increaseinCrustaceafromJunetoAugust
inthericefieldsTheotherorganismsdecreasedby42dur
ingthesameperiod

DuringtheJunesamplingperiodthesmallerfishshoweda
preferenceformostofthedipteransaswellasthebeetleLac
cophilusspBothsmallandlargefishpreferredNotnnectasp
andCorisellaspwhilethelargerfishhadafairlyhighselection
indexforCallibaetisspItisinterestingtonotethatLaccophil
usspNotonectaspandCallibaetissppopulationmeans
wereallsignificantlylowerinstockedfieldsthanincontrols
duringtheJunesamplingperiodPreferencefordipteranswas
stillevidentinAugustforbothfishgroupsThelargerfishhad
shiftedfromNotoneetaspandCorisellaspwhichwerenear
lynonexistentinAugusttotheodonatesAnaxspandEnal
lagmaspBothfishsizegroupsdramaticallyshiftedtoadiet
composedofsmallerorganismsespeciallyCrustacia

Terrestrialorganismswerealargepercentageofthedietof
thelargerfishduringbothsamplingperiodsPlantseedswere
eateninabundancebutmostwerefoundtobeundigested
Theseedsmayhaveactuallybeensoughtafterandingested
butmorelikelytheywereaccidentallyingestedwhilegulping
preyorganismsatthewatersurfaceAnimalsgenerallydont
selectitemswhichtheyareincapableofdisgesting

Chironomidswerehighlyselectedbythesmallfishsize
groupandrepresentedasignificantpercentageofthediet
2645and683inJuneandAugustrespectivelyNumbers
ofchironomidscollectedinwatercolumnsamplesindicated
nosignificantreductioninfieldpopulationsduetofishpreda
tionBayandAnderson1966alsofoundGaffinistobein
efectiveinreducingchironomidpopulationsTheirobservation
wasthatalthoughmostchironomidsstaywithintheirpro
tectivetubesinthemudafewleavetheirtubesandbecome
freeswimmingTheseevacueesaresubjecttopredationbythe
fishHoweverthefreeswimmingindividualswouldgenerally
dieanywaysotheirdestructionbythefishisofnocontrol
importanceThoughthefishdonteatasignificantnumberof
chironomidswhencomparedtothemassivenumbersinthe
mudtheydopreyheavilyonthosewhichareavailableto
themandshowdefiniteselectivetendency

Notenoughmosquitolarvaewerefoundintheaquaticor
gutsamplestomakeagoodconclusionabouttheirdesirabil
ityasapreyitemTwofourthinstarCulextarsaliswerefound
infishfieldsduringtheJunesamplingperiodbutnonewere



Table1Abundanceoforganismscollectedduirngwatercolumnsampling

Organism

ABUNDANCENoperFt
6192979 8179

Fish Control Fish Control

Cladocera 53333 50476 24503 15252

Podocopa 41253 81143 131873 204300

Eucopepoda 1664 4332 1051 400

Diptera
Unidentified 019 000 024 000

Tipulidae
Limoniasp 025 000 092 012

Chironomidae 1329 1886 367 060

Ceratopogonidae
Dasyheleasp 005 000 081 000

Culicidae

Anophelesfreeborni 000 000 005 000

Culextarsalis 005 000 000 002

Hemiptera
Notonectidae

Notonectaunifasciata 014 076 015 012

Corixidae

Corisellasp 041 181 000 000

Belostomatidae

Belostomafluvineum 007 000 009 000

Gerridre 002 019 000 000

Odonata

Anisoptera
Anaxsp 032 048 032 040

Erythemissp 002 019 017 092

Zygoptera
Enallagmasp 2370 3457 1792 1612

Coleoptera
Dytiscidae

Sygrotussp 136 276 047 012

Laccophilussp 149 516 000 000

Dytiscussp 002 000 000 000

Hydrophilidae
Unidentified 000 000 005 000

Tropisternussp 041 104 015 020

Hydrochussp 018 000 069 000

Laccobiussp 021 000 005 012

Berosussp 005 020 000 000

Ephemeroptera
Baetidae

Callibaetissp 285 704 057 032

Oligochaeta 209 104 1025 652

SignificantlydifferentP 005

SignificantlydifferentP 0025

SignificantlydifferentP 001
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Table2Summaryofthefoodhabitstudyshowingspeciesabundanceinthericefieldsandalimentarytractsandtheresulting
SelectionIndexSi

Organism

Cladocera

Podocopa
Eucopcpoda

Diptera
Limoniasp
Chironomidac

Iasyheleasp
Anophelessp

Hemiptcra
Noneelasp
Corisellasp

Odonata

Anaxsp

Enallagmasp

Coleoptera
Hvgrotussp
Laeeophilussp

Ephemeroptera
Callibaetissp

TerrestrialOrganisms
Molluska

PlantSeeds

6192979

5295

4096

165

Fish3cni Fish3cm

Field DietSI DietSI

2640 33
914 64
000

002 000 019 81
132 152 07 2645 90
001 000 019 95
000 000 000

001 1168 99
004 457 98

003 000 000

235 305 13 094 43

014 000

015 000

028 051 29
3655

203

457

000

469

000

038

foundinthegutcontentsOnethirdinstarAnophelesfree
bornilarvawasfoundinafishfieldduringtheAugustsampl
ingandonefourthinstarAnfreebornilarvawasfoundina
fishduringthatsameperiodInadditiontwoCxtarsalis
larvaewerefoundincontrolfieldsduringtheAugustsampling
Mosquitolarvaedonotappeartocomposeasignificantpart
ofthetotalricefieldbiotainCentralCalifornia

OurrecordsindicatethatalthoughGaffinisisadiverse
feederitdoesdemonstratecertainpreferenceswithpreysize
beingparticularlyimportantThelargerfishgenerallyprefer
largerpreywhilesmallfishprefersmallerpreyThiscanbest
bedemonstratedinthecaseoftheodonateEnallagmasp
whichwasthelargestofthepreyitemsfoundinthealimen
tarytractsThelargersizegroupoffishshowedadefinite
selectivetendencytowardsEnallagrnasp13and42inJune
andAugustrespectivelywhilethesmallersizegrouprejected
theodonoateasapreyitem43and72inJuneandAugust
respectivelyInallpreygroupsexceptCrustaceathelarger
fishatelaterinstarsthandidthesmallerfishBothsizegroups
offishshowedalackofpreferenceforCrustaceaeventhough
theycomposedthebulkoftheaquaticbiotainnumberofin

5310 00
807 67
000

281 99
38 81

019 15
038 43
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Field DietSI

1531

8241

066

002

112

8179

Fish3cm

1505 01
5090 24
012 69

Fish3cm

DietSI

3201 35
4566 29
009 76

006 096 88 129 91
023 143 72 683 93
005 000 018 75
0003 000 019 94

001 000 000

000 000 009

024 85
275 42

004 000

1159

119

1529
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000

018 72

003 012 60 000

000 012 000

009 38
378

000
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dividualsTheirsmallsizeevidentlymakesthemlessattractive
asfooditems
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ANEVALUATIONOFTHEGUPPYPOECILIARETICULATAPETERSFOR

TheguppyPoeciliareticulataPeters1859formerlyLebi
stesreticulatusPeters1859issimilarinsizeandshapetoits
closerelativethemosquitofishGambusiaaffinissppRosen
andBailey1963Likethemosquitofishguppieshaveasuper
iormouthidealforfeedingonmosquitoesatthewaters
surface

Maleguppiesareverycolorfuleveninthesemiwild
populationsusedformosquitocontrolinCaliforniaTheslen
dermalesceasegrowingwhentheyreachsexualmaturityThis
limitstheirmaximumlengthtoabout28mmor11inches

Femaleshowevergrowthroughouttheirlifetimeandcan
attain48mmor19inchesTheolivegreyfemalesareheavier
bodiedthanthemalesandoftenshowadarkgravidspoton
theabdomenjustaheadoftheanalfinThegravidspotindi
catesthatabroodisnearlyreadytobedroppedFertilization
isinternalandtheyoungarebornaliveWhilefemaleguppies
closelyresemblefemalemosquitofishtheguppycanbereadi
lyidentifiedbytheabsenceofspottingonthealmosttrans
parentfinsMosquitofishGambusiaaffinishavetransverse
rowsofdarkspotsonthefins

Watertemperaturetendstobethemostimportantlimiting
factorforguppiesTheydobestattemperaturesinthe68
80rangeGuppiescansurviveupto100Fbutdieifthe
temperaturedropsto55F

Agreenhouseorsomemeansofoverwinteringguppiesis
thereforenecessaryinmostofCaliforniaEarlyeffortsatthe
ButteCountyMADalongthislineusingplasticsheeting
provedtoocostlyintermsoflaborYearlyrecoveringwas
necessaryasultravioletlightrottedtheplasticThereforethe
ButteCountyMADwenttoafiberglassgreenhousewitha
thermostaticallycontrolledfanandselfclosingventHeating
cablesinthetanksareanecessarysupplementtothesolar
heatingThesecablesarealsothermostaticallycontrolledto
avoidoverheatingandwastingenergy

WhywouldaMADgotoallthisefforttooverwintera
tropicalrelativeofthecoldhardymosquitofishGuppiesare
valuablebecausetheycansurviveandfeedinhighlypolluted
watersthatexcludeotherfisheseventhemosquitofishThey

MOSQUITOCONTROL

KaarenJHiscox

ButteCountyMosquitoAbatementDistrict
Route2Box2040OrovilleCalifornia95965
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WashinoRK1969Progressinbiologicalcontrolofmosquitoes
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Assoc371619
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ingpatternoftwospeciesoffishinaricefieldhabitatProcCalif
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havebeenfoundlivingandcontrollingmosquitoesinsewage
fedpondsinThailandandBurmaBayandSelf1970In
Americansewagetreatmentplantsguppiesnowthrivein
manysecondarytreatmentpondscontaininghighlevelsof
organicwasteandmetalionpollutionAtonefacilityusing
coppersulfateforalgaecontroltheguppiesthriveddespitea
copperconcentrationof12ppminthewaterand4ppmin
theirtissuesHiscox1972

InlargertreatmentplantssuchastheonesinChicoand
Lodithereisenoughheatgeneratedbydeconipositionfor
guppiestosurviveyearroundTheycanbenettedinlarge
numbersinsuchafacilityeveninJanuaryDespitetheability
ofsuchfacilitiestooverwinterguppiesitisadvisableforthe
localMADtomaintainastockofguppiesOccasionallychemi
calstoxictofishareintroducedintosewagetreatmentplants
resultingintheeliminationoffishpopulations

Therearemanysmallsewagepondsthatcanbereadilycon
trolledbyguppiesbutwhereguppiescannotsuccessfullyover
winterThesenaturallyneedtoberestockedyearlyInsuch
primarysewagepondsbesidesfeedingvoraciouslyonmosqui
tolarvaeeggsandpupaeguppieswillalsofeedonhuman
feceswhichspeedsupthenaturalpurificationprocessSasa
etal1964

Itisnotnecessarytoholdlargenumbersofguppiesforre
stockingastheyhaveatremendousreproductivepotential
GuppiesarealsoknownasBarbadosMillionsduetothe
phenomenalpopulationlevelsattainedInsimilarpondsinthe
samelengthoftimeguppiesreachandmaintainhigherpopu
lationdensitiesthandomosquitofishGuppiestendtobeless
cannibalistictowardstheirfrythanmosquitofishwhichisone
reasontheycanattainsuchlargenumbersAlsoguppieswill
produceyoungthroughouttheyearifthewaterintheplantor
greenhouseiswarmenoughThissuggestsareproductivecycle
independentofphotoperiod

Ontheinternationalscaleithasbeenfoundthatguppies
willfeedonthecercariaeofthebloodflukesSchistosoma
mansoniandSjaponicumDeMariaandPellegrino1966
Thesearethecausativeagentsofschistosomiasisorbilharzia
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sisaseverediseasewhichoccursinthetropicsSchistosomia
sisaffects180200millionpeopleworldwideandisonthein
creaseGuppiesappeartohavegreatpotentialforinterrupting
thelifecycleofthisparasiteinthattheyfeedonthecercariae
oftheflukesaftertheyemergefromthesnailintermediateand
beforetheycaninfectvertebratehosts

InCaliforniaguppiesarerelativelyeasytocontrolasthey
cannotoverwinterwithouthelpAlthoughtheyhavebeenin
troducedintomanywatersformosquitocontrolorbythere
leaseofaquariumstockstheyhaveonlybeenabletoestablish
inwarmartificalenvironmentsiethesewagetreamentfacili
tiesatLodiChicoandUCDavisAlsoguppiesappearto
lackthecompetitiveedgeBayandSelf1970reportedthat
guppiesinSoutheastAsiawereconfinedtopollutedhabitats
astheycouldnotsurviveinnaturalwatershedscontainingpis
civorousfishesInCaliforniawhereenvironmentalconditions

havepermittedmosquitofishsurvivalguppieshavebeenelimi
natedInlightofthesefactorstheCaliforniaDepartmentof
FishandGamehasbeenreadilyissuingplantingpermitsfor
guppies

FACTORSINFLUENCINGTHEOPERATIONALUSEOFEFFECTIVE

BIOLOGICALMOSQUITOCONTROLS

RDSjogrenlandEFLegner

ABSTRACT

Theabsenceofcommercialandormosquitoabatementdis
trictproductionofmosquitobiologicalcontrolagentscapable

MetropolitanMosquitoControlDistrict2380WycliffStreet
StPaulMinnesota55114

2UniversityofCaliforniaDivisionofBiological ControlRiverside
California92521
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Guppiesarethereforeanalternativethatshouldbeconsid
eredwhendealingwithpollutedwatersincapableofsupport
ingmosquitofishGuppiesonlyneedtobeplantedoncefor
seasonlongcontrolWiththecostofinsecticidesandlabor
constantlyrisingoverwinteringguppiesisbecomingmoreand
morecostefficient
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offieldcontrollevelscomparabletotheannualcostacreyear
ofalternativecontrolmeanslimitsgreateruseoftheseagents
Varyingphysicalandchemicalconditionsofmosquitobreed
ingareasareexpectedtolimitpracticallargescaleuseofin
vertebratebiologicalagentstomosquitobreedingsites50
acres



Inordertoachieveadequatebiologicalcontrolofmosqui
toesinCaliforniaricefieldsdependablesourcesofmosquito
fishCanibusiaoffinismustbedevelopedOnemethodofassur
inglargenumbersoffishistoculturetheminpondsutilizing
thetechnologybeingdevelopedbytheaquacultureindustry
Thismethodiseffectivebutgenerallyrequiresasizeablecash
outlayforconstructionandmaintenanceofthefacilityaswell
asforwaterfoodandmanpowerAnothereffectivemethod
hasbeentheuseofsewagetreatmentfacilitiesandcommercial
oragriculturalpondsThesearenotasdependablebutifsev
eralwithinaDistrictarestockedafewcanbecountedonto
producefisheachyear

SincetheFresnoWestsideMosquitoAbatementDistrict
FWMADhasneitherthefacilitiesforalargefishculture
operationnoradequateusablesewerpondswehaveembark
edonaprogramofretrievingmosquitofishfromdrainingrice
fieldsforoverwinteringandsubsequentrestockinginthe
spring

MostofthericefieldsintheFWMADaresurroundedby
smalldrainsthatcollectanyseepagewateremanatingfromthe
ricefieldsWhenthericefieldisdrainedinthefallthefarmer
makescutsintheoutsideborderofthefieldallowingwaterto
pourintotheseepagecollectiondrainswhichemptyintoa
seriesofdeepdrainsThedeepdrainstakethewateraway
fromthericeareastothegrasslandsareawherethewateris
usedtofloodduckclubsWhenthefieldbeginstodrainthe
mosquitofishavoidthefastmovingwaterandstaywithinthe
ricefieldHoweverwhenthewaterlevelinthefieldreachesa
criticalpointthefishenterthecollectiondrainsenmasseand
arecarriedintothedeepdrainsFishmovementsbeginduring
thelatemorningandpeakduringmidafternoonandcanoccur
foroneortwodaysdependingonthespeedatwhichthefield
isdraining

ANIMPROVEDMETHODFORHARVESTINGMOSQUITOFISHFROMRICEFIELDS

Figure1Hooptrapwithonewingextended

DavidGFarleyandLeonardCYounce

FresnoWestsideMosquitoAbatementDistrict
PostOfficeBox125FirebaughCalifornia93622
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Theoldmethodofharvestingfishinvolvedseiningisolated
pocketsoffishinthedeepdrainsThemethodwaseffective
butitrequiredathreemancrewandwasverytimeconsuming
andtiringThefishwerenaturallystressedduringseiningdue
tothestirringupoftheanoxicbottomoozeassociatedwith
ricefielddeepdrains

Anewmoreefficientmethodofharvestwasdevelopedat
theFWMADin1979Thisnewmethodinvolvestrappingthe
fishinthecollectiondrainsbeforetheyenterthedeepdrains
Thisnewmethodofoperationiseconomicalandefficientbe
cause

1Ittakesonlyatwomancrewtoharvestlargenumbersof
fish

2Fisharecapturedincleanwaterandarenotstressed
3Muchlesslandisneededforoverwinteringpondsthanfor

productionponds
4Commercialfoodisneededonlyinthewinterwhenthe

fishsmetabolicdemandsaredepressed
Thebasictoolusedisasimplehooptraporfiketrapmade
oftwo24inchreinforcingsteelhoopsand116inchnylon
nettingFigure1Onehoopisplaced24inchesinfrontof
theotherandservesasthmouthofthetrapA24inchdia
meterfunnelorfikemadeof116inchnylonnettingis
attachedtothefronthoopandterminatesinathreeinch
openingwithinthecircumferenceoftherearhoopA24inch
diametertubemadeofthe116inchnylonnettingisalso
attachedtothefronthoopandextendsbacktoapoint48
inchesbehindtherearhoopTherearhoopservestokeepthe
tubefromcollapsingonthefunnelThebackofthetubeis
fittedwithadrawstringsothatitmaybeclosedtoformabag
Thetrapisplacedinthecollectionditchwiththemouthfac
ingupstreamFigure2Asthefisharecarrieddownstreamby
thecurrenttheyaredirectedintothefunnelmouthofthe



trapbytwothreefootlongnylonmeshwingsorweirswhich
areattachedtothefronthoopandareextendedtothesidesof
thecollectionditchThewingsinsurethatnofishescape
aroundthetrapThefisharecarriedthroughthefunneland
intothebagbythecurrentOnceinthebagofthetrapthe
fishhavedifficultyfindingthesmallopeningofthefunneland
areeffectivelytrappedThesmallnetsizeslowsthecurrent
somewhatsothatthefishdonotbecomeexcessivelyfatigued
whileinthetrap

Toemptythetrapisremovedfromthewaterandheld
suchthatallthefishareconcentratedatthedrawstringendof
thebagThedrawstringcanthenbeopenedandthefish
placedinthetransportsystemFigure3

Figure2Hooptrapincollectionditch
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Oncethefisharebroughttotheoverwinteringpondsthey
areplacedinafloatingcagemadeof12inchsquarehardware
clothThecageactsasaseparatorallowingthemosquitofish
topassthroughintothepondbutretainingalllargeror
deeperbodiedfishsuchassunfishcarpetc

During1979thecollectionditchesof15ofthe142stock
edricefieldsweretrappedAtotalof1088poundsofmos
quitofishwerecollectedin55traphoursforanaverageof20
poundsoffishpertraphourTrappingwasterminatedeach
dayat230pmwhichisaboutthepeaktimeoffishmove
mentByextendingthetrappingintothelateafternoonsigni
ficantincreasesintheamountoffishharvestedshouldresult

Figure3Emptyingtrap



THEBIOLOGYOFAPARASITEFOUNDINTHEMOSQUITOFISHGAMBUSIAAFFINIS

Duringthepastyearwehaveconductedresearchonapara
sitefoundinthemosquitofishGambusiaaffinisfromastock
inOrangeCountyinSouthernCaliforniaThisparasiteisa
protozoanoftheorderMicrosporidathatcommonlyinfects
invertebratesandlowervertebratesInthisreportwepresent
somegeneralresultsofourpathologicalinvestigationsanda
briefoutlineoftheparasitesbiology

Theinfectivestageoftheparasiteisthesporeasmall
cylindricalbodythatisshapedsomewhatlikeagrainofrice
Measuring8by34micronsthesporeisopaquewithan
apparentvacuoleatoneendFigure1Itsprotectivecoatof
chitinmakesitresistanttoenvironmentalstressthereby
allowingthesporetoremainviableformonthsinwateror
mud

Microsporidianinfectionsnormallyoccurafterananimal
ingestssomesporesOnceinthegastrointenstinaltractthe
sporesareactivitedbycertainconditionsinvolvingosmolarity
andpHThisactivationinvolvesrapidexplosiveextrusionof
ahollowfilamentstoredinsidethesporeIfthesporeisposi
tionedcorrectlyitsfilamentwillpiercethemembraneofa
cellintheintestinalmucosaThispunctuationallowsthegerm
ofthesporethesporoplasmtomovethroughthefilament
intothemucosalcellOnceinsidethecelltheparasitecon
trolsthenucleusanddivertsthecellsnormalfunctionstopro
ducethevegetativeformoftheparasiteaformthatisfound
onlyinhostcellsandthateventuallywillproducemore
spores

Themostobviouscharacteristicofmicrosporidianinfections
ishostcellhypertrophyThemagnitudeoftheincreaseinsize
isstaggeringandwecommonlyencounteredxenomasenlarg

Figure1Sporesofthemicrosporidianparasite

TimothyACrandallandPaulRBowser

UniversityofCalifornia
AquacultureProgramAnimalScienceDepartmentDavisCalifornia95616

Figure2Deformityofbodycausedbyunderlyingxenoma
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edhostcellsfilledwiththeparasitemeasuringseveralmilli
metersindiameterSuchlargeinternalmassesgivethehosta
peculiarexternalappearanceusuallyadistendedlumpyab
domenFigure2Thesmallxenomasabsorbnutrientsfrom
thesurroundingabdominalfluidswhereaslargerxenomas
developconnectionswiththehostvascularsystemanddraw
nutrientsdirectlyfromthebloodFigure3

Inthelaboratorywesuccessfullyinfectedadultsandfryof
northernCaliforniastocksofmosquitofishbymixingspores
withthefishsfoodFrywerethemostsusceptibletoinfec
tionWithinamonthafterexposing2weekoldfryweobserv
eda100infectionratewiththeinfectionsbeingheavyand
usuallyterminalFigure4Someresistancemaybepresentin
adultswhichexhibitedlowerlevelsofinfectionandlessvirul

enceoftheparasitethandidthefry
Toexaminetheparasiteinthewildwesurveyedseveral

infectedpondsinOrangeCountyWefoundthat15ofthe
mosquitofishpopulationsinthesepondswereinfectedThe
infectionsranfromlighttoheavyatwhichpoint25ofthe
hostsbodyweightcouldbeattributedtotheparasiteWealso
observedthatahighproportionofinfectedfemalesexhibited
ovarialatrophyAlthoughwedidfindsomeinfectedfemales
withbroodswebelievetheirfecunditymaybeloweredbythe
diversionofnutrientstotheparasiteandbyspacelimitations
inthexenomapackedabdominalcavity

Thusthismicrosporidianparasitedemonstratedadestruc
tivepotentialtomosquitofishanditiscapableofinfecting
northernCaliforniastocksTopreventspreadoftheinfection
tootherportionsofthestatethecontrolofinfectedpopula
tionsshouldbeconsidered



Figure3Largexenomawithwelldevelopedvascularization

Bypairing10hourlyagecombinationsrangingfrom1212
to4848ata11sexratiofortwohoursitwasfoundthat

malesfirstmatedwhen24hoursoldFemaleswerenotre

ceptiveuntil32hoursoldatwhichtime56pairedfortwo
hourshadspermathecaefullofspermInstudiesofpossible
monogamousmatingbehaviorreceptivevirginfemaleswere
firstpairedfor24to48hourswithirradiatedsterilizedmales
Theyweresubsequentlypairedwithnormalmalesfor48
hoursafter01or2gonotrophiccyclesControlgroupswere
pairedwithsterilizedandnormalmalesIndividualfemales
wereheldforovipositionandtheeggsbleachedtodetermine

MATINGBEHAVIOROFAEDESS1IRRENSIS

JRAndersonandMLHiggins

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

ABSTRACT
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Figure4Gutoffrywithmultiplexenomas

thesterilefertilizedratioFemaleslastlyweredissectedand
thespermathecaeexaminedforspermInallexperimental
combinationsfemalesexhibitedmonogamousmatingbehavior
withonly4of213 possiblyhavingmatedasecondtime
Nofemalesrematedaftercompletingeither1or2gonotrophic
cyclesInotherexperimentstherewasnosignificantdiffer
enceinthenumberofeggslaidbyfemalesmatedwithnormal
malesx 909versusthosematedwithsterilemalesf
1042ThemonogamousmatingbehavioroffemaleAedes
sierrensisestablishesthatsterilizedmalescouldbeusedasone

controlcomponentintheIPMprogramforthisspecies



LABORATORYCAGETRIALSWITHPOTENTIALGENETICCONTROLSTRAINSOF

Researchwithtranslocationsaspossiblegeneticcontrol
mechanismshasprogressedrapidlyoverthelastseveralyears
Wehavetestedthecompetitivenessofamalelinkedtrans
locationsystemdesignedtobeusedforpopulationsuppres
sionMcDonaldAsmanMilbyBruenandAinsley1978
Terwedowetal1977Thispaperreportsthedevelopmentof
genetictranslocationsystemstocarrydesirablegenesintoa
Cutertarsalispopulation

Inourpresenteffortstodevelopgenetictransportsystems
tworecessivemutantsofCxtarsaliscarmineandblackeye
Asman1976wereassociatedwithtranslocationstocksto
facilitatetheirisolationandlaboratorymaintenanceMc
DonaldAsmanandTerwedow1978Malesof2suchmutant
markedstockshadbeentestedforcompetitivenessagainst
unmarkednontranslocatedmalesinlaboratorycages

MATERIALSANDMETHODSThefollowingdesigna
tionswereappliedtothestocksemployedinthesestudies
1Wild nonmutantthePosoWestColonyorChico
stockshomozygouswildtypeforthecarmineandblackeye
genes2Mutantcarmineandblackeyestockhomozygous
forthesetworecessivemarkers3Mutanttranslocation
stockshomozygousforcarmineandblackeyeandalsohomo
zygousforeitherT2315AorT2316Aautosomaltrans
locations4WildheterozygotetheF1ofmutantfemales
andwildmalesheterozygousforcarmineandblackeye

Competitiontestswerecarriedoutinpairsof17cmx17
cincylindricalcagesThecageswerekeptinaninsectarymain
tainedat24C70RHandwitha15L9Dphotoperiod
Thefirstcagecontainedmutantfemaleswithwildmalesin
competitionwithmutantmalesThecompanioncagecontain
edmutantfemalesandwildmalesincompetitionwithmutant
translocatedmalesThemosquitoeswere2dayoldvirgins
whenthecompetitioncageswereinitiatedand4dayolds
whenthefemaleswerebloodfedOnthedayfollowingblood
feedingfemaleswereseparatedfromthemalesandplacedindi
viduallyintosmallercagesforsubsequentovipositioninshell

1ThisresearchwassupportedbyUSArmyContractGrantNo
DAMD1774C4128USArmyMedicalResearchandDevelopment
CommandWashingtonDCandinpartbyspecialStatefundsfor
mosquitocontrolresearchappropriatedannuallybytheCaliforniaLeg
islature

CUETARSALLS1

PTMcDonald

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

ABSTRACT

Laboratorycagetrialswithmalesoftwomutantmarkedtransloca
tionhomozygotestocksofCulextarsalisindicatedthatbothtypeswere
atacompetitivedisadvantagecomparedtounmarkedlaboratorystock
malesThehybridmalescreatedfromcrossingthetwostocksappeared
tobeascompetitiveastheunmarkednontranslocatedtype

62

vialswithwaterThetranslocationsystemsusedinthesetests
wereofnormalfertilitysothehatchabilityofraftswouldnot
indicatethetypeofmatingTheraftswerehatchedandthe
progeniesraisedThetypeofmatingthathadoccurredwas
determinedbyprogenyexaminationMatingwithwildmales
wouldresultinwildprogenyandmatingwithmutantormu
tanttranslocatedmaleswouldresultinmutantprogenyMat
ingswithwildheterozygotemaleswouldresultinbothwild
andmutantindividualsinthesameprogenyfamily

RESULTSANDDISCUSSIONInthefirstpairofcrosses
theT2315Atranslocationhomozygotestockwastested
Table1crossesAandBProgenyexaminationrevealedthat
14of24raftsresultedfrommatingswithmutantmalesIn
thecompanioncagewithmutanttranslocatedmalesonly
7of21raftswereattributedtomatingsinvolvingmutant
translocatedmalesTheseresultsshowthatmosquitoeswith
thistranslocationwereatacompetitivedisadvantage

InthesecondpairofcrossestheT2316Atranslocation
homozygotestockwastestedTable1crossesCandDThe
firstcageagainhadmutantfemaleswithwildandmutant
malesThemutantmalesshowedacompetitiveadvantageover
wildwith15to20matingsattributedtothemInthecompan
ioncageonly3of23matingsinvolvedthemutanttranslocat
edmalesAndquitesurprisinglyall3ofthelatterprogeny
groupsgaveevidenceofmultipleinseminationApparentlythe
T2316Atranslocationsystemwasassociatedwithadefi
ciencyinmonogamyaswellasbeingatacompetitivedisad
vantage

Inthethirdpairofcrossesahybridtranslocationsystem
derivedfromcrossingT231SAhomozygotesandT23
16AhomozygoteswastestedTable1crossesEandFThe
firstcagecontainedmutantfemalesandwildandmutant
malesInthiscasethewildmaleswereheterozygotescarrying
bothrecessivemutantgenesbutofwildappearanceOnly3of
14matingswereattributedtomutantmalesindicatingadis
tinctadvantageofthewildheterozygotemalesInthecom
panioncagethewildheterozygotemalesoutcompetedthemu
tanttranslocatedmalescomprising14of20matingsNever
thelessthemutanttranslocatedmalesrepresentedthemselves
betterthanthemutantmaleshadinthecompanioncageBy



Table1Progenyproducedfromcompetitioncagecrossesbetweenmutantfemalesandeitherwildvsmutantorwildvs
mutanttranslocatedmalesofCulextarsalis

Cross Femalesno

A

B

C

E

F

mutant44

mutant44

mutant45

mutant45

mutant64

mutant64

Includes3progenygroupsresultingfrominseminationbybothtypesofmales

comparisonwiththeothercompetitionteststhesehybrid
translocatedmalesweresuperiortotheregularwildmalesThe
hybridtranslocatedmaleswillbeconsideredforpossibleuseas
transportmechanismsingeneticreplacementschemesThey
willnowbetestedinlargerlaboratoryandoutdoorcages
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MATINGCOMPETITIVENESSANDLONGEVITYOFSTERILIZEDVERSUSNORMAL

IntwoexperimentsattheUniversityofCaliforniaRussell
TreeFarmFieldStationlaboratorycolonizedandlaboratory
rearedwildmosquitoeswerereleasedintoscreententshaving
naturalturffloorsThetentscontainedovipositionboxes
sucrosecubesandrottingfruitandthefemalemosquitoes
periodicallyobtainedbloodmealsfromchickensorhumans
InthefirstexperimentMay10throughJuly12eachofsix
tents3pairsreceived50normalmalesand50sterilemales
ondayoneonepairoftentsalsoreceived50femalesonday
oneAsecondpairoftentsreceived50femalesonday10and
athirdpairoftentsreceived50femalesonday15Theexperi
mentaldesignforthesecondexperimentJuly21through
September25wassimilarexceptthatweused75femalesper
tentalongwith75normalmalesand75sterilemalesEggs

Over13000Culextarsalismalesirradiatedat60kRwere

releasedon2Augustand3August1979intoanativepopula
tionintheSierrafoothillsabout13kmEofBakersfieldCA
Thestudysiteconsistedof3adjoiningcanyonseachcontain
ingaseriesofevaporationponds

Amarkreleaserecaptureexperimentwasconducted1
monthpriortothereleaseofirradiatedmalesRecovery
collectionsindicatedextensiveintercanyonmigrationArela
tivemeasureofCulextarsalisabundancewasprovidedby
operatingCO2lighttrapsbiweeklyinMayandJuneandthen
weeklythroughOctoberattrapsitesinall3canyons

Vaponawasappliedaeriallyonthedaypriortotheinitial
releaseofirradiatedmalestoeliminateinseminatedfemales

DivisionofEntomologyandParasitology
2DepartareniofBiomedicalandEnvironmentalHealthSciences
3ThesestudiesweresupportedinpartbyspecialStatefundsfor

mosquitocontrolresearchappropriatedannuallybytheCaliforniaLeg
islature
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DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

ABSTRACT

AFIELDRELEASEOFIRRADIATEDMALECVO T 1LISIN CALIFORNIA

SMAsmanl FGZalomtandRPMcycr
UniversityofCalifornia
BerkeleyCalifornia94720

ABSTRACT
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laidbyfemaleswerecollectedfromtentseachweekand
bleachedtodeterminethesterilefertilizedratio

Observationsofreleasedmosquitoesrevealedthatmating
begantooccurwithinthefirstfewminutesafterreleaseofthe
femalesBleachedeggsfromthefirstexperimentshowedthat
1weobtainedtheexpectedsterilityrateinallsixtents47
to50sterileeggsand2thelongevityofsterilizedmales
wasequaltothatofnormalmalesResultsofthesecondex
perimentwerebetterthanexpectedwiththe50to60steril
ityrateofeggsindicatingthatsterilizedmalessurvivedslightly
betterthannormalmalesAtlowdensitiesintentstherefore
boththematingcompetitivenessandthelongevityofsterilized
maleswasequaltothatofnormalmales

fromthereleaseareaandtoewertheexistingmalepopula
tionNomorethan42mortalitywasobservedamongcaged
mosquitoesinthetreatedcanyonalthoughmortalitywas
significantlyhigherforallageandhabitatcategoriesfromthe
treatedcanyonexceptthosemosquitoesincartonsplacedin
tamarisktrees

IrradiatedmaleswerereleasedinthecentralcanyonPrior
tothereleaseonly2ofembryonatedeggraftshadlowor
mediumhatchSterilityincreasedto423weekspostre
leasethendeclinedto36weekspostreleaseInitiallyhigh
numbersofhighhatcheggraftsfollowingthereleasecanbe
attributedtointercanyonmovementoffemalesinseminated
byunirradiatedmalesandbythefailureoftheadulticideto
eliminatepreviouslyinseminatedfemalesinthecentral
canyonThesteriletonormalmalereleaseratiocouldnotbe
determinedduetoinsufficientnumbersofmarkedirradiated
malesrecaptured



PREDICTINGTHEOUTCOMEOFGENETICCONTROLSTRATEGIESFORCULEXTARSALIS

Acomputermodelhasbeendevelopedwhichsimulatesa
fluctuatingmosquitopopulationwithoverlappinggenerations
Themodelcanbeusedtopredicttheeffectofreleasingsterile

Thesestudies weresupportedinpartbyResearchGrantA103028
fromtheNationalInstituteofAllergyandInfectiousDiseasesand

GeneralResearchSupportGrantISO11R0544lfromtheNational
InstitutesofHealthandbyspecialStatefundsformosquitocontrolre
searchappropriatedannuallybytheCaliforniaLegislature
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DepartmentofBiomedicalandEnvironmentalHealthSciences

SchoolofPublicHealthBerkeleyCalifornia94720
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orgeneticallyalteredadultsintothewildmosquitopopula
tionSterilemalesaremosteffectiveforimmediatereduction

ofapopulationbutmaleswhicharehomozygousforanauto
somaltranslocationwillhaveagreaterresidualimpactonpop
ulationsizeAdultsofbothsexesmustbereleasedinorderto
achievereplacementofthenativepopulationwithamorede
sirablestrainThenumberofadultswhichmustbereleased
dependslargelyonthematingcompetitivenessofthereleased
strain



EFFECTSOFFLUORESCENTMARKERDUSTSONCULEXTIRSALSAFACTORIN

Markreleaserecapturetechniquesarebasictomanystudies
ofinsectfieldbiologyThemanywaysthatthesetechniques
havebeenusedinmosquitostudieswerereviewedatlastyears
AssociationmeetingsMilby1979Markreleaserecapture
technologyhasbeenappliedextensivelytopopulationsof
CultxtarsalisCoquillettinconnectionwithgeneticcontrol
trialsinKernCountyCaliforniaNelsonetal1978Asman
etal1979Acontinuingproblemhasbeenaninabilitytore
captureenoughmarkedmalestodevelopreliableestimatesof
thesizeandsurvivalofmalepopulationsRecapturesofmark
edfemaleshavebeenmorethanadequateItwasspeculated
thatthebehaviororsurvivalofthemalesandperhapsofthe
femalesmayhavebeenaffectedbythefluorescentdust
markersIfsothiswouldviolateabasicrequirementforsuc
cessfulmarkreleaserecapturestudiesConcernsoverthe
possibleeffectsofmarkerdustsonthesurvivalmating
successanddispersalofCxtarsalisledtothepresentobser
vations

Fluorescentdustsof4basiccolors yellowredblue
andchartreuse havebeenusedsinglyorincombinationto
produce8distinctmarkersColorsobtainedfromthecombin
ationsareaquagoldsilverandpurpleTheyellowdustisa
HeleconproductfromUSRadiumCorpandhasazinc

sulfidebaseBaileyetal1965andDowetal1965
successfullyusedHelecondustsinCxtarsalisflightdispersal
studiesinthe1960sInanearlierevaluationofmethodsfor

markingCxtarsalisBaileyetal1962notedthatheavily
dustedindividualsappearedtobeunaffectedandreacted
normally Theredblueandchartreusedustsarerelatively
newRadiantproductsfromHerculesIncandhaveatria
zinealdehydeamidebase

Thisresearch wassupportedinpartbyResearchGrantAl03028
fromtheNationalInstituteofAllergyandInfectiousDiseasesandby
GeneralResearchSupportGrantISO1FR05441fromtheNational
InstitutesofHealthUSDepartmentofHealthEducationand
fromtheNationalInstituteofAllergyandInfectiousDiseasesGeneral
ResearchSupportGrantISO1FR05441fromtheNationalInstitutes
ofHealthandbyspecialStatefundsformosquitocontrolresearch
appropriatedannuallybytheCaliforniaLegislature

MARKRELEASERECAPTURESTUDIES
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ABSTRACT

Fluorescentmarkerdustshadlittleeffectonthesurvivalandmating
successofCulextarsalisCoquillettinlaboratoryandlargeoutdoor
cagesWhendustmarkedandunmarkedmosquitoesofamutantmark
erstrainwerereleasedandrecapturedinthefielddispersalandrecap
tureratesofthe2groupswereverysimilar
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OneoftheRadiantdustsbluewasappliedtoabout200
maleand200femaleCxtarsalisfromalaboratorycolonyto
testforpossibleeffectsonsurvivalinthelaboratoryThemos
quitoeswereintroducedtoa34ftcagecoveredwithmoist
towelingsuppliedwithsucrosesoakedpadsandlinedonthe
bottomwithwhitepaperAnunmarkedcontrolgroupwasset
upidenticallyinanadjacentcageandalldeadmosquitoes
wererecordedandremovedfromthe2cagesdailyLogarith
micsurvivalcurvesformalesofthe2groupsareshownin
Figure1Therewaslittledifferencebetweenthe2curvesal
thoughsurvivalofunmarkedspecimenswassomewhatgreater
inthe2ndand3rdweeksbutlaterwaslessOver90ofthe
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Figure1Logarithmicsurvivalcurvesoffluorescentdust
markedandunmarkedmaltCxtarsalisinthelaboratory



markedmalessurvived9daysand50survived23daysSimi
larpatternswereobservedforfemalesFigure2whichsur
vivedbetterthanmalesThesefindingssuggestedthatthe
dustshadlittleeffectonsurvival

Someadditionaldataonsurvivalwereobtainedfromatrial

inanoutdoorquonsettypecagethatwas55mwide6m
longand3mhighInthistrial500malesrearedfromfield
collectedpupaeweremarkedwithRadiantreddustandre
leasedinthecagewith500unmarkedbutotherwiseidentical
malesAlighttrapwasrunforthenext5nightsandtheper
centageofmarkedmaleswasdeterminedforeachcollection
Theresultswhichpresumablyreflectedshorttermsurvival
andmobilityfailedtorevealanyadverseeffectofthemarker
Markedmalespredominatedin4ofthe5collectionsand
overallcomprised55of465malescollected

Observationsnextweremadeonthematingsuccessof
markedandunmarkedmalesinlaboratorycagesInthe1st
test2groupsofCxtarsalisfromalaboratorycolonywereset
upidenticallyintwo34ftcagesexceptthatthemalesin
onecageweremarkedwithRadiantbluedustTheratioof
malestofemaleswasabout1to2After3days50females
fromeachcagewerecheckedforspermwiththeresults
showninTable1Inseminationratesforthe2groupswere
nearlyidenticalTheratherhighinseminationratesrepresent
anaverageof19inseminatedfemalespermaleAnothertest
thatinvolved4groupsin1ftcagesandamalefemaleratio
of1to3producedsimilarresultsTable1

InanothertrialreportedpreviouslyMilby19791000
malesand1000femalesrearedfromfieldpupaewerereleased
intoeachof2quonsetcagesandallofthemalesin1cage
were1stmarkedwithRadiantchartreusedustAdailysampl
ingof25femalesbyaspiratorrevealedthatinseminationwas
initiallydelayedinthecagewiththemarkedmalesHowever
overallinseminationratesoffemalesofthe2groupsdidnot
differsignificantlyInasimilartestinwhich750malesand
750femaleswerereleasedineachcagefemalesweresampled
onlyonce4daysafterreleaseInseminationrateswere57and
52forfemaleswithmarkedandunmarkedmalesrespective
ly

Laboratoryobservationswerenotmadeontheeffectsthat
markingoffemalesmighthaveontheirmatingsuccessHow
everlimitedobservationsweremadeonthefieldinsemination

offemalesthatwerenarkedreleasedandrecapturedInone
casevirginfemalesweremarkedandreleasedinthemorning
andrecapturedthefollowingnightOf13femalesexamined
11hadmatedOnanotheroccasion8outof8femaleswere
foundtohavematedonthe1stnightaftertheirreleaseThese
findingsindicatedthatmarkerdustdidnotinhibitmating
underfieldconditions

Finallyseveralstudiesweremadeofthefielddispersalof
markedandunmarkedCxtarsalisThesestudiesutilizeda
uniquemutantstrainofCxtarsalisthatcanbedistinguished
byitsoutwardappearancefromthenormalorwildtypeThis
strainknownascharcoalwasdevelopedandmadeavailable
bySMAsmanDivisionofEntomologyandParasitology
UniversityofCaliforniaBerkeleyByreleaseofequalnumbers
ofdustmarkedandunmarkedcharcoalCxtarsalisitwaspos
sibletodirectlycomparedispersalandrecaptureratesofthe2
groupsinthefieldandtherebytestformarkereffects

The1stofthecomparisonsallofwhichwereatthePoso
Weststudysite16kmNofBakersfieldwasinMay1979
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Figure2Logarithmicsurvivalcurvesoffluorescentdust
markedandunmarkedfemaleCxtarsalisinthelaboratory

Table1InseminationratesoffemaleCxtarsalisinlabor

atorycageswithmarkedorunmarkedmales

Cagesize Nomosquitoes Markstatus 99inseminated

ft d 9

Yellow

Unmarked

Yellow

Unmarked

Aqua
Unmarked

Red

Yellow

Unmarked

ofdd nod

Blue 86 19

Unmarked 88 19

Yellow 70 21

Unmarked 74 22

Red 64 19

Aqua 86 26

Table2Recaptureratesanddispersalofmarkedandun
markedcharcoalCxtarsalisatPosoWest1979

Releases Recaptures

Meandis

Date SexNoMarkstatusNo tancem

32 63 108

21 42 89

121269 125

138307 127

29122 134

34143 133

20148 110

23170 105

23170 91



Heleconyellowmarkedandunmarkedadultswerereleased
shortlyaftersunriseatthemiddleofarowof21trapsites
thatextendedfromNtoSalongaravinebottomCDClight
trapswithdryicewererunfor5consecutivenightsafterthe
releaseandcollectionswerecheckedformarkedandunmark
edcharcoalspecimensThe2groupsdidnotdiffersignificant
lywithrespecttorecaptureratesordispersalTable2The
valuesformaleswerelessthanthoseforfemalesbutnodiffer
encescouldbeascribedtothemarkerdustTwosimilarre

leasesthatinvolved3differentdustsweremadeinSeptember
andOctoberwithsimilarresultsTable2Nearlyidentical
numbersofthedifferentcategoriesofcharcoalfemaleswere
takenanddispersaloftlcdifferentgroupswasverysimilar

Fromtheprecedingobservationsitappearedthatsurvival
matingsuccessanddispersalofCxtarsaliswerenotseriously
affectedbythemarkerdustsThesefindingsareencouraging
andincreaseconfidenceinthedustsandmarkingmethods
Howeverthelowrecaptureratesofmalesreferredtoatthe
outsetremainunexplainedSinceestimatesofmalepopula
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tionsizeandsurvivalarecriticaltocontrolprogramsthatin
volvethereleaseofgeneticallyalteredmalesfurtherefforts
shouldbemadetoincreaserecoveriesofmales
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VARIATIONSINTHEDEGREEOFHOMOZYGOUSRESISTANCETOORGANOPHOSPHORUS

INSECTICIDESINCULEXQUINQUEFASCIATUSSAY

NPasteurGPGeorghiouandLERanasinghe3

UniversityofCalifornia
DivisionofToxicologyandPhysiology

DepartmentofEntomologyRiversideCalifornia92521

ABSTRACT

INTRODUCTIONResistancetoxenobioticsingeneral
andtoinsecticidesinparticularcanarisethroughalarge
varietyofbiochemicalphysiologicalandethologicalmechan
ismsreviewbyOppenoorthandWelling1976Thesemech
anismsrepresentgeneticchangesthatareadvantageoustothe
organismandthereforeareselectedforinthepresenceof
insecticide

Inthepresentreportweshowthatthreedistinctlevelsof
OPresistancewerereachedindifferentstrainsofCulexquin
quefasciatusSayaftervariousperiodsoftemephosselection
andgiveevidencebasedonacriticalreviewofallpublished
andunpublisheddatathatthiswasnotachievedbytheselec
tionofdifferentmechanismsbutbytheactionofregulatory
mechanismsorpossiblybygeneamplification

MATERIALANDMETHODSThreestrainsofCxquin
quefasciatuswereconsideredasusceptiblereferencestrain
SLabwhichhadbeenrearedunderinsecticidefreeconditions
since 1954andtwoOPresistantstrainsHAN74and
HAN75whichwereselectedinthepresenceoftemephos
fromtwofieldpopulationscollectedin1974and1975re
spectivelynearHanfordCalifornia

TheHAN74strainisstillmaintainedinthislaboratory
underselectionpressureineachgenerationwith001ppm
temephosDataonsynergisminheritanceandlinkageofOP
resistanceandoncorrelationtoesteraseBAwereobtainedin

1Thisresearch wassupportedinpartbyStateofCaliforniaSpecial
FundsforMosquitoControlResearch

2PermanentaddressLaboratoiredEcologieMedicateFacultede
MedicineAnnexedeInstitutedeBotanique34060Montpellier
France

3

Presentaddress LomaLindaUniversitySchoolofMedicine
LomaLindaCA

AcomparisonofthedataobtainedonorganophosphateOPresis
tanceintwofieldpopulationsofCulexquinquefasciatusSayafter
differentperiodsoftemephosselectionrevealedthreesignificantly
distinctlevelsofresistanceTheLC50valueswere021058and185
ppmandthedosagemortalitylinesincludingthatofthesusceptible
referencestrainLC500002ppmwereallparalleltooneanother

Theinheritanceofresistanceinthestrainsthatexhibitedthetwo
highestlevelswasfoundtobemonofactorialOPresistanceatallthree
levelswasduetoincreaseddetoxicationcausedbyahighlyactive
esterasethatwasdetectablebystarchgelelectrophoresisTheseobser
vationssuggesttheexistenceofanOPresistancegenewhoselevelof
effectivenessiscontrolledbyaregulatorymechanismsuchasamodi
fierorbygeneamplification
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1976afterninegenerationsofselectionRanasinghe1976
RanasingheandGeorghiou1979GeorghiouandPasteur
1978andin1978aftersome40generationsofselection
Georghiouetal1980Detailsontheexperimentalproced
uresaregiveninthesereferences

TheHAN75strainwasselectedduringninegenerations
withtemephosconcentrationsthatinducedapproximately
50mortalityTheevolutionofOPresistanceduringselection
wasdeterminedasreportedbyGeorghiouetal1966and
esteraseBAwasstudiedinasmallnumberofindividualsfrom
eachgenerationbystarchgelelectrophoresisasdescribedby
GeorghiouandPasteur1978

RESULTSANDDISCUSSIONStatusofOPresistancein
HAN74andHAN75strainsaftervariousperiodsofselection
bytemephos Selectionbytemephosresultedinarapidin
creaseofOPresistanceintheHAN74andHAN75strainsIn

eachcaseadosagemortalitylineparalleltothelineofthesus
ceptiblereferencestrainSLabwasobtainedwithinafew
generationsThislineremainedunchangedforfivegenerations
inHAN74seeTable1ofRanasingheandGeorghiou1979
suggestingthatthisstrainwashomogeneousfortheresistant
factorsinvolvedDespitethisapparenthomogeneityOPre
sistanceincreasedbyafactorof3aftertwoyearsoffurther
selectionieabout40generations

ThedataobtainedinHAN75afterselectionbytemephos
duringninegenerationsHAN759andinHAN74during
nineandfortygenerationsHAN749andHAN7440dis
closedthreedistinctlevelsofOPresistancefortemephosas
wellasforchlorpyrifosmethylparathionandparathionFig
ures1and2andTable1

InheritanceofOPresistance Twoindependentinvestiga
tionsontheinheritanceofOPresistancewereconductedon

theHAN74strainthefirstonHAN749whenthetemephos
LC50was058ppmRanasinghe1976andthesecondon
HAN7440whentheLC50hadincreasedto185ppm



Table1 Lll50andresistanceratiosRRofdifferentstrainsandoftheiroffspringaftercrosseswiththeSLahstrainandtheir
genotypesundergeneduplicationhypothesisseetextI

Strains

SLab

HAN759

IIAN749xSLab

HAN749

IIAN7440xSLab

IIAN7440

lInsecticideusedfortheselectionoftheresistancefactor

Inpi

98

90

70

50

30

10

2

00
J

Temephos
LC50 RR

002
210

200

580

520

1850

1 i1iii11

001 01

hlorpyrifos

LC RR

0032

954

909 059 184

2636 120 375

2364 150 469

8409 280 875

TEMEPHOS

Georghiouetal1980Inbothcasesresistancetotemephos
chlorpyrifosparathionandmethylparathionwasinheritedas
amonofactorialcharacterthatwasdominantRoversuscep
tibilitySFigure3

Monofactorialityofresistancetotheseinsecticidesre
mainedevidentinHAN749afterfourrepeatedbackcrosses
totheSLabstrainSShomozygotesofRSheterozygotes
thathadsurviveddiscriminatingdosagesiedosagesthatare
lethalforSSsusceptiblebutdonotaffectRSresistantgeno
typesTable2Thusthepossibleexistenceofcloselylinked
genescanbeexcludedinthisstrain
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FigureITemephosdosemortalityrelationshipsofsusceptibleSLabtemephosselectedandFpopulationsofCulexquin
queHAN749HAN7440andHAN759werecollectedatHanfordCAin1974and1975andselectedbytemephos
during940and9generationsrespectively

ThedosagemortalitylinesofHAN7440xSLaband
HAN749xSLaboffspringwerealmostidenticaltothelines
ofHAN749andHAN759populationsrespectivelyfor
temephoschlorpyrifosandmethylparathionFigures1and
2ConcomitantlytheLC50valuesofthesetwooffspring
werecomparabletothoseofHAN749andHAN759Table
1ThissituationwasnotasevidentforparathionFigure2
andTable1butitmustbepointedoutthatthedosage
mortalitylineofHAN7440xSLaboffspringwiththisin
secticidewasneitherlinearnorparalleltothoseoftheparental
strainssuggestingsomeexperimentalaberration
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Figure2Chlorpyrifosparathionandmethylparathion
dosemortalityrelationshipsofsusceptibleSLabtemephos
selectedandFpopulationsofCulexquinquefaaciatus
CLab SLabotherdetailsasinFigure1

BiochemicalmechanismsofOPresistance Synergism
studies MostsynergismstudiesweredoneonHAN749
RanasingheandGeorghiou1979Temephosresistancewas
showntobecompletelysuppressedbyDEFaninhibitorof
esteraseandglutathionStransferaseGSHactivitybutwas
notaffectedbyPBaninhibitorofmixedfunctionoxidases

ThatthereareDEFinhibitedmechanismsinOPresistance
wasfurthersupportedbythefactthatresistancedidnot
developwhentheparentalHAN74strainwasselectedinthe
presenceofbothtemephosandDEFbutthatitreacheda
highlevelthatwascompletelysuppressiblebyDEFwhen
temephosselectionwasaccomplishedinthepresenceofPB
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Table2Mortalitydataatdiscriminatingdosagesthatare
lethalforsusceptiblehomozygotesTestsperformedonoff
springoffourconsecutivebackcrossesusingHAN749as
sourceofresistanthomozygotesseetext

Insecticide

Temephos

Chlorpyrifos

Parathion

Methylparathion

Dosage

ppm BC1

Mortality

BC2 BC3 BC4

0004 48 44 48 48

02 56 37 52 44

01 55 44 43 51

02 55 44 52 43

01 50 50 57 50

02 41 43 38 48

007 44 43 55 46

01 48 36 47 48

04 50 41 48 59

Differencessignificantfromtheexpected50atP 005

F 3841for1df

Table3ChangesinLCvaluesandEstBfrequency
duringselectionofHAN75populationwithtemephos

Generations

Parental

Gen1

Gen2

Gen4

Gen5
Gen6

Gen7

Gen8

Gen9

aSample

Temephos

LCppm EstBfrequency
0058

012

011 083 36
019 088 16
045

033

060

015 33

088 32
100 16
100 16

210 100 16

RanasingheandGeorghiou1979Itcanbeconcludedthere
forethattheHAN74parentalstrainandconsequently
HAN749containedonlyOPresistancemechanismsthat
wereinhibitedbyDEFietheycontainedesterasesorGSH

Electrophoreticstudies GeorghiouandPasteur1978
analyzedtheesterasepatternofindividualCxquinquefascia
tuaadultsbystarchgelelectrophoresisandfoundthatall
membersoftheHAN749strainaswellasthoseofthestrain
selectedwithtemephosandPBbyRanasingheandGeorghiou
1979possessedahighlyactiveesteraselaternamedesterase
BAIncontrastthisesterasewasabsentinsusceptiblemosqui
toesorinmosquitoesselectedwitheithertemephos DEFor

withothernonOPinsecticidesEsteraseBAwhichisinhibited
byDEFinvitrowaspresentinsome80ofthemosquitoes
oftheparentalHAN74strain

TheevolutionoftheesteraseBAfrequencywasstudied
duringtheselectionofHAN75andallmosquitoeshadthis
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enzymefromtheseventhgenerationonwardTable3indi
catingthatitspresencewashighlyfavorableforsurvival

FinallytheinheritanceofesteraseBAwasstudiedby
Georghiouetal1980usingHAN7440Thisenzymeis
codedbyadominantgeneasisresistanceandbothfactors
couldnotbedissociatedfromoneanotherThustheEstB
geneandtheOPresistancegeneareeitheridenticalortightly
linked

CONCLUSIONSComparisonofdataobtainedonOPre
sistanceintwodifferentpopulationsaftertemephosselection
havedisclosedthatatleastthreelevelsofOPresistancecanbe

reachedAllourobservationsindicatethatthesamephysiolo
gicalmechanismieincreaseddetoxificationisresponsible
forthedifferentlevelsofOPresistancethathavebeenob
servedInvestigationsontheinheritanceofresistanceonthe
intermediatelyresistantHAN749strainandmoreparticul
arlytheresultsobtainedinsuccessivebackcrossesprovedthat
asinglegenewasinvolvedinthemechanismofresistance
Synergismandelectrophoreticstudiesindicatedthatmost
probablythisgenecodesforincreaseddetoxificationdueto
esteraseBA
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Figure3DosemortalityrelationshipstowardorganophosphatesofCulexquinquefasciatussusceptibleSLabtemephos
selectedHAN749FSdxR9andbackcrosspopulationF9xSdDottedlineindicatesexpectedmortalityofbackcross
onbasisofsinglegeneinheritanceCirclesindicateobservedmortalityArrowssignifysignificantdeviationsofobservedfrom
expectedmortality

HAN759mosquitoeswhichdisplayedthelowestresist
ancealsopossessedthisenzymeThereforethedifferencein
OPresistanceobservedbetweenHAN759andHAN749can
notbeattributedeithertotheselectionofdifferentmechan
ismsortothecombinedactionofseveralmechanismsin

HAN749sothegenethatcausesOPresistancemusthave
twodifferentstatesofefficiencyMostprobablyOPresist
anceinHAN7440representsathirdstateofefficiency
resistanceandesteraseBAcouldnotbeseparatedfromone
anotherandnoothermechanismofresistancethantheone

suppressedbyDEFwaspresentintheHAN74parentalcol
lectionThisconclusionisinagreementwithobservationsthat
theactivityofesteraseBAvariesinfieldpopulationsmosqui
toeswiththelessactiveenzymeconsistantlygivingalessre
sistantoffspringGeorghiouandPasteur1980

Thedifferentialexpressionofgeneshasbeenreportedin
manyorganismsandisgenerallybelievedtobecausedbythe
actionofmodifierandorregulatorygenesMcCarronetal
1979McDonaldandAyala1978Continuoustemephosex
posuremayhaveinducedchangesinthepolymorphismof
differentmodifiergenesatdifferenttimesandthusmayhave



modifiedtheexpressionoftheOPresistancegeneIfthisis
thecasealargenumberofmodifiergenesoramodifiergene
withalargenumberofallelesregulateOPresistanceWehave
recentlyisolatedtwostainswithtworesistancelevelslower
thanthatrecordedinHAN759

Recentlygeneamplificationhasbeensuggestedasanother
mechanismtoexplainvariationsingeneexpressionSchimke
etal1978DevonshireandSawicki1979Repetitivegene
duplicationisalsocompatiblewithourownobservationson
OPresistanceinCxquinquefasciatusThusifweassumethat
thegenotypeofHAN759mosquitoesisAAandthatof
HAN749isAAAAiea2foldduplicationofwhatis
foundinHAN759heterozygotesbetweenHAN749and
SLab00genotypeswillbeAA0andshouldtherefore
presentthesameresistancecharacteristicsastheAAinsects
ofHAN759ThiswasindeedthecaseTable1Similarlyif
aduplicationhasoccurredbetweenHAN749andHAN74
40individualsofthelatterstrainwillbeAAAAAAAAand
theiroffspringwithSLabwillbeAAAAOAAAAOgeno
typesshouldthendisplayaresistantpatternsimilartothat
observedinAAAAmosquitoesfromHAN749andagain
thiswasthecasefortemephoschlorpyrifosandmethylpara
thionasreportedinTable1

Althoughwehavenoproofthatgeneamplificationrather
thangeneregulationisthemechanisminvolvedintheincrease
ofOPresistanceofCxquinquefasciatuswenotethatthe
formerhypothesiswasalsosuggestedbyDenvonshireand
Sawicki1979toexplainthevariationsofOPresistanceand
ofthehighlyactiveesteraseassociatedwithitinaseriesof
strainsofMyzuspersicaeLikewiseSchimkeetal1978
haveemphasizedthepossibilityofthelargescaleoccurrence
ofsuchphenomenoninthosecasesofresistanceinwhichin
creaseddetoxificationmechanismshavebeenobserved

Ifthesehypothesesareconfirmedtheycouldmodifyour
viewsontheevolutionofresistanceandcrossresistancethe
factthatalargenumberofcopiesofthesamegenemaybe

accumulatedinoneindividualenhancestheprobabilityof
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pointmutationsandconsequentlytherapidityofappearance
ofmoreefficientenzymesagainstalargevarietyofinsecti
cides
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ANALYSISOFESTERASESASAMEANSOFDETERMININGORGANOPHOSPHATERESISTANCE

INFIELDPOPULATIONSOFCULEXPIPIENSMOSQUITOES

NicolePasteurandGeorgePGeorghiou

UniversityofCalifornia
DivisionofToxicologyandPhysiology

DepartmentofEntomologyRiversideCalifornia92521

Severalstudieshaveshownacloseassociationbetweenor
ganophosphateOPresistanceandesterasesthatarehighly
activeinhydrolyzingaand13naphthylacetatesTable1In
MyzuspersicaeDevonshire1977Nephotettixcincticeps
MiyataandSaito1976andLaodelphaxstriatellusMiyataet
al1976itwasdemonstratedthattheseenzymescleaveester
bondsofOPcompoundsthusconferringOPresistanceIn
CulextarsalisCxpipiensandCxquinquefasciatustheevi
denceofstrictassociationbetweenOPresistanceandthehigh
lyactiveesteraseswasrevealedbystudiesonfieldpopulations
Pasteuretal1980GeorghiouandPasteur1980aswellas
bygeneticstudiesinthelaboratoryGeorghiouetal1980
Pasteur1977Itmaybereasonedthereforethattechniques
indicatingtheproportionofindividualswiththehighlyactive
esteraseswouldalsorevealthefrequencyofOPresistanceina
givenpopulation

Herewereviewtheexperimentalevidenceforthisstate
mentanddiscussthefeasibilityofsubstitutingesteraseanaly
sisforclassicalbioassayasameansofdeterminingthefre
quencyofOPresistanceinfieldpopulationsofcertainCulex
species

Determinationoffrequencyofresistancebybioassaytests
OPresistanceinFranceandCaliforniaisduetoasinglegene

Ranasinghe1976PasteurandSinegre1978andiscodedby
anRallelewhichisdominantoverthesusceptiblealleleSIn
strainsfrombothcountriesdosagemortalitylinesofsuscep
tibleSSmosquitoesandofresistantSRorRRmosquitoes

Table1InsectspeciesinwhichOPresistanceisassociated
withesterasesthatarehighlyactiveinhydrolyzingaandor
0naphthylacetates

Species Geographicorigin Referencesa

4edesaegrpti Japan
CulexpipiensfaligatsEastAfrica
Cxppallens Japan
Cxppipiens SouthernFrance

pqumqueJasciatusCalifornia
Cvtarsalis California

Cv1itaeniorhrnchusJapan
LaodelphaxstriatellusJapan
Mrznspersieae England
NephotettixeinetieepsJapan

aFirstdescription

Yasutomi1980
Curtis Pasteur1980
Yasutomi1970

Pasteur1977

Georghiou Pasteur1978
Georghiou Pasteur1978
Yasutomi1971
OsakiandKassai1970
Beranek1974
Ozaki Koike1965

PermanentaddressLaboratoiredEcologie MedicateFacultede

MedecineAnnexedelInstitutdeBotanique34060Montpellier
France
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donotoverlapFigure1andthereforearangeofdiscrimi
natingdosagesisavailableatwhichallSSindividualsare
killedwhileSRandRRinsectsremainunaffectedIfacom
pletedosagemortalitycurveisestablishedonapopulation
composedofSSSRandRRaplateaubecomesevidentwith
intherangeofthediscriminatingdosagesandthemortality
registeredatthisplateauequalstheproportionofsusceptible
SSindividualsinthepopulationThefollowingdiscriminating
dosagesinppmhavebeendeterminedassuitableforuseon
CxquinquefasciatusinCaliforniaGeorghiouetal1980
temephos001chlorpyrifos001fenthion002malathion
04parathion001methylparathion002
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Figure1DosagemortalitylinesofSSSRandRRgeno
typesfortemephosinCxquinquefasciatusfromCalifornia
andforchlorpyrifosinCxpipiensfromFrance



EsterasesinOPresistantmosquitoes InbothFranceand

CaliforniaOPresistantCulexmosquitoeseitherRSorRR
possessanesterasethatappearsasaverystronglystainedspot
afterelectrophoreticseparationandsubsequentstaining
SusceptibleSSmosquitoeshaveonlyfaintlystainingspots
FiguresinGeorghiouetal1980CurtisandPasteur1980
AsnotedbyGeorghiouandPasteur1978eachoftheseester
aseshasdifferentbiochemicalpropertiesandthustheyhave
beengivendifferentnamesEsteraseBinstrainsfromCalifor
niaandEsterase3instrainsfromFranceInvestigationson
theinheritanceoftheseenzymeshaveshownthateachiscod
edbyasinglegenewithtwoallelesGeorghiouetal1980
Pasteur1977alleleAEstBAorEst3Aisdominantand
codesthehighlyactiveesteraseobservedinOPresistantmos
quitoesallele0EstBOorEst3isrecessiveandcodes
eitheranesteraseoflowactivityEstBOornodetectable
enzymeEst3

LinkagestudiesperformedindependentlyonbothCali
fornianandFrenchstrainshaveshownthatalloffspringof
backcrossesbetweenF1andsusceptiblemosquitoesthathad
survivedexposurestodiscriminatingdosagespossessedthe
highlyactiveesteraseTheseresultsindicatethatthegenes
codingtheseesterasesareeitheridenticaltotheOPresistance
genesorthatthetwocharactersaresocloselylinkedthat
theyseldomdissociateGeorghiouetal1980Pasteur1977

Determinationoffrequencyofresistancebyesterasetests
Itisevidentfromtheabovethatdeterminationofthenum

berofindividualsthatdonotpossessthehighlyactiveester
asesisequivalenttothedeterminationoftheproportionof
susceptibleinsectsthatarekilledbydiscriminatingdosages

InFrancesome100populationsofCxpipienshavebeen
analyzedoverafouryearperiodusingbothtechniquesand
theresultswereneversignificantlydifferentAsshownbyFig
ure2thecorrelationbetweenthetwocharactersisexcellent
r 098forabout100dfInCaliforniatoxicologicaland
geneticstudiesonCxquinquefasciatusledtothesamecon
clusionAfieldpopulationfromPixleyintheSanJoaquin
Valleydisplayeda56 8mortalitywithdiscriminatingdos
agesoftemephosand61ofthepopulationlackedthehighly
activeesteraseTable2Figure3

Table2OccurrenceofthehighlyactiveesteraseEstB
inCalifornianpopulationsofCulexquinquefasciatus

Localityof
AbatementDistrict

Camara

Foster

SanMateo

Sacramento

Pixley
Delta

Fresno

LAWest

Southeast

Riverside

Dateof

Collection

June1975
November1976

November1976
November1976

October1977

October1979
October1979

October1979
October1979

August1979

alnparenthesessizeofsampletested
bSamplesunreliablysmall

Mosquitoes
withEstBA

87 38
71 7b
43 7b
0 8b

39 56
98 64

100 52
58 37
85 53
40 36

75
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90

10

1 1 1

0 20 40 60 80 100

INDIVIDUALSWITHOUTESTERASE3

Figure2Relationbetweenmortalitiesobservedatadis
criminatingdosageof00015ppmchlorpyrifosandtheab
senceofthehighlyactiveEsterase3innaturalpopulationsof
CxpipiensfromFrance0representspopulationscollected
in197475PasteurandSinegre1978 populationscollect
edin1978Pasteuretal1980
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Figure3Dosagemortalitycurvefortemephosofafield
populationofCxquinquefasciatusfromPixleySanJoaquin
ValleycomparedtothatofasusceptiblestrainS



Inthestudiesdescribedthusfaresteraseswereanalyzed
bymeansofstarchgelelectrophoresisAlthoughthetechnique
issimpleitisrathertimeconsumingandrequiresspecialized
equipmentsothataskilledinvestigatorcannotanalyzemore
than150200mosquitoesperdayWerecentlyhaveelaborated
anewtechniquefilterpapertest thatdoesnotrequire
specializedequipmentandcanbeperformedrapidlyBriefly
thetestconsistsofdepositingcrudehomogenatesofsingle
mosquitoesonfilterpaperandthenimmersingthepaperina
stainingsolutionTheappearanceofadarkstainrevealsthe
presenceoftheesteraseandhenceofresistanceThetestmay
beemployedwitheitheradultsorlarvaebutadultsarepre
ferredsinceexcessivelarvalfatmayinterferewithhomogeni
zationFigure4

Figure4FilterpapertestonCxquinquefasciatus
adultsandlarvaesusceptiblespotsfaintlystainedandre
sistantspotsstronglystainedtotemephos

76

DISCUSSIONTheanalysisofesterasefrequencyisana
logoustothedeterminationofmortalitiesatdiscriminating
dosagesbybioassayHowevertherearedistinctdifferences
concerningthepracticalityofeachmethodandthereliability
ofresultsespeciallywhereresistanceoccursatverylowfre
quenciesThedeterminationofmortalitiesatdiscriminating
dosagesrequiresthetestingofseveralreplicatedgroupsof
2025larvaeeachIfonlyafewsurvivorsarefoundquestions
ariseastoalternativereasonsforsuchresultsincludingthe
nutritionalstatusoftheinsectserrorininsecticideapplica
tionenvironmentalconditionsetcThepresenceofmoribund
individualsfurthercomplicatestheresultsIncontrasttheun
equivocalnatureofesteraseanalysiscanprovideagoodesti
mateofthefrequencyofresistantinsectsevenwithatotal
sampleofonly100individualsWiththedevelopmentofthe
filterpapertest resultscanbeobtainedinlessthananhour
andtherapidityandsimplicityofthistechniqueenablesthe
screeningoflargenumbersofmosquitoesperdayevenwhen
thedetectionofresistanceatverylowfrequenciesisdesired
Thusthemethodenablesmoreefficientsurveillanceandmon

itoringofresistancethanispossiblebybioassay
Anotherapplicationoftheesterasetechniquecouldbefor

investigationofthegeographicdistributionoftheresistance
geneInsouthernFranceitwasfoundthatthisgenecouldbe
detectedasfaras300kmfromthezoneunderchemicalcon

trolandthatitsfrequencyvariedaccordingtoaregularnorth
southclineInCaliforniathehighlyactiveesterasewasfound
in9outof10samplesthatwereexaminedfromdifferent
areasoftheStateIn6ofthesesamplesresistantmosquitoes
occurredatfrequenciesgreaterthan58Table2

Despiteitsdistinctadvantagestheesterasemethodofde
tectingresistanceispresentlydeficientintwoimportantre
spectsFirstitdoesnotprovideinformationonthedegreeof
resistancethatispresentintheresistantindividualsiethe
insecticidedosagesrequiredformortalityWenowhaveevi
dencethatinCaliforniatheresistantalleleRoccursindiffer
entformsR1R2R3etceachformconferringadifferent
degreeofresistanceThefirstindicationthattheRallele
mightnotbeuniquewastheobservationthatresistanceinour

0

98

90

30

7

4

001 01 10

CONCENTRATIONppm

6

N

5C
0a

Figure5Dosagemortalitycurvesfortemephosoffour
strainsofCxquinquefasciatusE1E5E7containingdiffer
entRallelesseetextNotealsotheplateauxindicatingdif
ferentratiosofsusceptibleSSandresistantSRRRgeno
types



temephosresistantstraincontinuedtoincreaseunderselec
tionpressurealthoughgeneticinvestigationsindicatedthat
thestrainwashomozygousforasinglefactorofresistanceWe
haverecentlyisolatedstrainsfromanumberofsinglecrosses
9RSxdSSandhaveselectedtheseforthepresenceofthe
highlyactiveesteraseAlthoughnoneofthestrainsisyet
homozygousmortalitylinesshowthepresenceofplateaux
atdiscriminatingdosagesitisevidentthatthedegreeofre
sistancevarieswidelyamongthedifferentstrainsFigure5

Asecondlimitationoftheesterasemethodisthatitdetects

onlyresistanceassociatedwiththeesterasegeneAlthoughno
otherimportantmechanismofOPresistancehasbeenfound
todateinCxpipienspopulationsfromeitherFranceor
Californiathisconditionmaynotpersistindefinitely

CONCLUSIONSUntilnowtheanalysisofesterasesfor
determinationofthefrequencyofOPresistancegeneshas
beenconfinedtoresearchlaboratoriesbecausetheelectro
phoresistechniqueofesterasedeterminationisdifficultto
useinroutinetestsHoweverifthefilterpapertechnique
provesassimpleasitappearsitcouldpartiallyreplacebio
assaysinresistancesurveillanceandmonitoringprogramsfor
casesinwhichtheassociationoftheabnormallyactiveesterase
andOPresistancehasalreadybeenverifiedEsteraseanalysis
cannotreplacebioassaysentirelyhoweversinceitonlyen
ablesthedeterminationofthefrequencyofresistantindivid
ualsbutnotthedegreeoftheirresistance
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LARVICIDALANDPUPICIDALACTIVITYOFALKANAMIDES

INTRODUCTIONWepreviouslyreportedthatstraight
chainandbranchedchainaliphaticamidesdemonstratedlar
vicidalactivityagainstmosquitolarvaeHwangetal1979
Ourstudiesshowedthatamongthevarioustypesofamides
3methylalkanamidesandNNdimethylalkanamideswerethe
onlytypesthatwereactiveagainstfirstinstarCulexquinque
fasciatusSayHwangandMulla1980Herewepresentde
tailedstudyonthebiologicalactivityofalkanamidesagainst
mosquitolarvaeandpupae

Anamidecanbeconsideredasaderivativeofacarboxylic
acidwithanaminoorasubstitutedaminogroupreplacingthe
hydroxylinthecarboxylfunctionalgroupthusformingan
amidelinkagebetweenthecarbonylandaminogroupsIfthe
aminogroupofanamidehastwohydrogensitisaprimary
amideIncaseoneofthehydrogensissubstitutedbyanalkyl
groupsuchasmethylorisobutyltheamideissecondaryIf
bothaminohydrogensaresubstitutedbytwoalkylgroups
suchasNNdimethyltheamideistertiaryAswillbediscuss
edlaterthesubstitutionattheamidenitrogeniscrucialin
determiningwhetherornotanamidepossessesbiological
activityTheamidesundercurrentinvestigationsalsohavea
longchainalkylgroupattachedtothecarbonylfunctioning
Thealkylgroupcanbeastraightchainnalkyla3methy
lalkyla2alkylalkylora2haloalkylThereforetheamidesin
ourstudiescancomprehensivelybetermedalkanamideswhich
includestraightchainalkanamidesorplainlyalkanamideina
strictsense3methylalkanamides2alkylalkanamidesand2
haloalkanamides

SYNTHESISThesynthesisofanalkanamidewasconven
ientlyachievedbythesolvolysisofthecorrespondingacid
chlorideBuehlerandPearson1970Thusacarboxylicacid
wastreatedwithboilingthionylchlorideAfterremovalofex
cessthionylchloridetheresidualacidchloridewasadded
dropwiseintoacooledsolutionofanamineorammoniaThe
mixturewasvigorouslystirredforafewhoursandtheresult
ingamidewasseparatedbyfiltrationorsolventextraction

AGAINSTCULL QOLQIEF1SCIAT1S

YihShenHwangMirSMullaandHusainADarwazeh

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

ABSTRACT

Studiesonthestructureactivityrelationshipofvariousaliphaticamides
showedthatonlyprimary3methylalkanamidespossessedexcellent
larvicidalactivityagainstthefirstinstarsofCulexquinquefasciatusSay
whereastheirNNdimethylderivativeswereinactiveWhileprimary
andsecondarystraightchainalkanamidesdidnotshowanymeasurable
activitytertiaryNNdimethylalkanamidesdisplacedexcellentactivity
againstthefirstinstarsofthemosquito

SomeNNdimethylalkanamidesdemonstratedawidespectrumof
activityaffectingallstagesofimmaturemosquitoesOntheotherhand
3methylalkanamideshadanarrowspectrumofactivityaffectingonly
theveryyounglarvae
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hecrudeamidewaspurifiedbydistillationorrecrystalliza
lion

BIOASSAYMETHODThealkanamidesthussynthesized
weredissolvedinacetoneandthesolutionswereserially
dilutedwiththesamesolventtothedesiredconcentrations

Aliquotsofthesolutionsusuallynomorethan1mlwere
addedtoeachpolyurethanedishcontaining200mltapwater
and20larvaeorpupaeThetestswerereplicatedandcontin
ueduntiladultemergenceMortalitiesofthemosquitoeswere
recordedeveryotherdayandthedosageresponsedatawere
processedbyaCompucorpmodel145Ecomputerforthelog
probitanalysisThebiologicalactivityisexpressedintermsof
LC50andLC90inpartspermillionForclarityandconven
iencetheactivityisrankedasexcellentLC513andLC90
lppmgood1ppmLC50andLC905ppmmoderate
5ppmLC50andLC9010ppmandpoorornoneLC50
andLC9010ppminthispaperThehighestconcentration
usedinourevaluationwas10ppm

RESULTSANDDISCUSSIONSThefirstgroupofamides
thatshowedpromisingactivitywasprimary3methylalkana
midesTheywereprimaryamideswithamethylgroupattach
edtothe3positionintheacidmoietyoftheamidesRepre
sentativecompoundswere3methyltetradecanamide3meth
ylheptadecanamide3methyloctadecanamideand3meth
ylnonadecanamideallofwhichdisplayedexcellentactivity
againstfirstinstarsofCxquinquefasciatusAmongthe3
methylalkanamides3methylnonadecanamidewasthemost
activewithanLC50of016ppmandanLC90of033ppm

SecondaryNisopropyl3methylalkanamidesdidnotshow
anyactivitywiththeexceptionoftheNisobutyl3methylte
tradecanamidewhichwasmoderatelyactiveOfthetertiary
NNdimethyl3methylalkanamides NNdimethyl3methyl
nonadecanamidewasmoderatelyactivebutNNdimethyl3
methyleicosanamidedidnotdisplayanyactivityThecorres
ponding3methylalkanoicacidsandesterswerepreviously
reportedtoshowexcellentactivityHwangetal1977
1978b



Ananalysisofthelarvicidalactivityofthe3methylalkana
rnidesandtheirNalkylandNNdialkylderivativeswithregard
totheirchemicalstructuresdistinctlyindicatedthatthepri
mary3methylalkanamidesweretheonlygroupofamidesthat
manifestedexcellentactivityMonoordisubstitutionatthe
amidenitrogenofthe3methylalkanamidewouldseverelyim
pairtheactivity

Variousprimary2methyl2ethyl2butyland2hexyl
alkanamidesfromC10andC20andtheirsecondaryNmethyl
derivativesdidnotshowanyactivityHoweversomeoftheir
tertiaryNNdimethylderivativesdidexhibitactivityThus
NNdimethyl2ethylhexadecanamidedemonstratedexcellent
activityNNdimethyl2butyltetradecanamideshowedgood
activityandNNdimethyl2butyltetradecanamideshowed
moderateactivityConclusivelythistypeof2alkylalkana
midesrequireddimethylsubstitutionattheamidenitrogen
tomanifestlarvicidalactivityNeverthelesstheactivityofthe
resultingNNdimethyl2alkylalkanamideswasvariableand
didnotbearaclearcutstructureactivityrelationshipdueto
thelackofadequateexperimentaldata

2Halogensubstitutedamidessuchas2chloro2bromo
and2iodooctadecanamidesandtheirNmethylandNN
dimethylderivativesdidnotpossessanymeasurableactivity
despitethattheirparent2haloalkanoicacidswerereportedto
beactiveagainstfirstinstarlarvaeHwangandMulla1976
Hwangetal1978a

TheprimarystraightchainalkanamidesfromC4toC18did
notshowappreciablelarvicidalactivityNeitherdidany
secondarystraightchainalkanamidesfromC10toC18demon
stratetoxicityagainstthefirstinstars

ThetertiarystraightchainalkanamidesorNNdimethyl
alkanamidessurprisinglyshowedlarvicidalactivityagainstthe
firstinstarsThelowesthomologuesynthesizedNNdimethyl
decanamideC10wasmoderatelyactiveandthenexthigher
homologueNNdimethylundecanamideC11showedgood
activityAsthechainlengthoftheamideslengthenedfurther
thehigheramidesbecamemoreactiveThustheactivityofthe
nexthigheramideNNdimethyldodecanamideC12increased
mideC13NNdimethyltetradecanamideC14NNdimeth
ylpentadecanamide C15 NNdimethylhexadecanamide
C16NNdimethylheptadecanamideC17zndNNdimeth
yloctadecanamideC18allexhibitedexcellentactivity
againstfirstinstarlarvaewiththeC16amideshowingthehigh
estdegreeofactivityAccordingtothelogprobitanalysisall
thehighlyactiveNNdimethylalkanamidesshowedverysteep
slopesofprobitregressionlinesrangingfrom373to1173
Thisofcourseindicatedthatthedifferencebetweenthe
LC50andLC90valueswereconsiderablynarrowInthe
caseoftheC16amidethedifferencebetweentheLC50and
LC90wasasnarrowas008ppm024ppm016ppm 008

ppm
Thistendencyofincreasingactivityasafunctionofthe

carbonchainelongationabruptlyceasedinNNdimethylnona
decanamideC19whichdisplayednoactivityatallItshigher
homologuesC20C21andC22amideswereallinactive

Asaresultofourstudiesonthestructureactivityrelation
shipofthestraightchainalkanamidesweconcludedthatthe
highlyactivealkanamidesshouldhavetwomethylgroups
attachedtotheamidenitrogenInotherwordsthetertiary
amideswithstraightchainalkylmoietiesfromC12toC18
alwaysdemonstratedexcellentactivityagainstfirstinstars
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Thelarvicidalactivityoftheparentstraightchainfatty
acidshasbeenemphaticallyscrutinizedDecanoicacidwasre
portedtoshowlarvicidalactivityagainstCxrestuansTheo
baldMaw1970buttheconcentrationsusedwereexception
allyhighrangingfrom150to300ppmFattyacidsfromC6
toC12induce100mortalityinAedesaegyptiLagainat
theextremelyhighconcentrationof500ppmQuraishi1972
TheLC50valuesofdecanoicaciddodecanoicacidandtetra
decanoicacidagainstyounglarvaeofAedestriseriatusSay
were147and4ppmrespectivelyLaLondeetal1979
Withtherankingsystemusedinthisreportthethreeacids
wereonlymoderatelyactiveatthemostWhentestedagainst
Cxquinquefasciatusnonanoicaciddecanoicaciddodecan
oicacidhexadecanoicacidandoctadecanoicacidcausedless
than7mortalityatthe9ppmconcentrationIkeshojiand
Mulla1974Comparedwiththosestraightchainalkanoic
acidstheNNdimethylalkanamidesdemonstratedamuch
higherleveloflarvicidalactivitydespitetheirstructuralsimi
laritytotheacids

Thealkanamidesdiscussedabovewerebioassayedagainst
thefirstinstarsofCxquinquefasciatusSimilartopreviously
reportedsubstitutedalkanoicacidsandestersHwangand
Mulla1976Hwangetal19771978abmostalkanamides
wereparticularlyeffectiveagainstthefirstinstarsbutshowed
noactivityagainstthefourthinstarsandthepupaeWhenthe
alkanamidesweretestedagainsttheolderlarvaeandthe
pupaethealkanamidesshowedsomespecificity3Methyl
heptadecanamide3methyloctadecanamideand3methylnon
adecanamideweretypicalprimary3methylalkanamidesthat
exhibitedexcellentlarvicidalactivityagainstthefirstinstars
butdidnotshowanymeasurableactivityagainstthefourthin
starsandthepupaeAmongtertiaryNNdimethylalkana
midesNNdimethyldodecanamidedisplayedexcellentactivity
againstthefirstinstarsgoodactivityagainstthefourthin
starsbutnoactivityagainstthepupaeItshighertwohomo
loguesNNdimethyltridecanamideandNNdimethyltetra
decanamidenotonlyshowedexcellentactivityagainstthe
firstinstarsbutsurprisinglyalsodisplayedgoodactivity
againstbothfourthinstarsandpupaeThesestudieshave
thereforeconfirmedthestagespecificityrelationshipofthe
amides Thus some NNdimethylalkanamides tertiary
straightchainalkanamidesdemonstratedawidespectrumof
activityaffectingallstagesofimmaturemosquitoeswhereas
the3methylalkanamidesprimarybranchedchainalkana
mideshadanarrowspectrumofactivityaffectingonlythe
veryyounglarvae
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FUMIGANTTOXICITYTOEGGSOF1EDESSIERlENSIS

Wheneggsfromlaboratorycoloniesandfumigantswereex
posedinlaboratorycontrainersof1735or26000cmfitted
withlooselidsthepercentagemortalityofeggswasrelatedto
timeofexposureandsizeofcontainerMortalitiesof53to
100resultedfromonetofourhourexposuresto16ofa
ShellNoPestStrip20Vaponawhereas8cmstripsof
HartzDogFleaCollars137activeingredientresultedin
mortalitiesofonly4to6 ParadichlorobenzencPDBcry
stalsproduced100mortalityafter24hoursinthesmall
containerbutonly16mortalityinthelargecontainer

Infieldstudiestreeholesreceived13ofaNPSora57gm
packetofPDBalongwithaperforatedpillboxoflaboratory

JRAndersonandSShikuma

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia

ABSTRACT
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LaLondeRTCDMorrisCPWongLCGardnerDJEchert
DRKingandRHZimmerman1979ResponseofAedestriser
iatuslarvaetofattyacidsofCladophoraJChemEcol5371381

MawMG1970Capricacidasalarvicideandanovipositionstimu
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QuraishiMS1972Physiologicalinteractionsofnsaturatedandun
saturatedfattyacidsandtheiresterswithpreimaginalstagesof
AedesaegPptiDipteraCulicidaeCanadEntomol1041499
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derivedeggsofAedessierrensisThetreeholeswereclosed
withasheetofpolyethylenefor2448or67hoursafter
whichtheeggswereremovedandtheirhatchcomparedwith
fieldexposedcontrolsExposuretoPDBwasineffectivebut
mostholestreatedwiththeNPSshoweda95to99mortal

ityofexposedeggsafter48to67hoursWhenwaterinthe
naturallyfilledtreeholeswassiphonedinJanuary1980re
sultsshowednolarvaeinoneholeonedryholemostholes
with10to25larvae250mlandoneholeeachwith100and
150larvae250m1Mostofthe10untreatedholesalsohad100
to150larvae250mlofwaterTheseresultssuggestthata
longerexposureormorepowerfulfumigantwouldkillall
residualeggsintemporarilydrytreeholes



EVALUATIONOFALKANAMIDEFORMULATIONSAGAINSTIMMATUREMOSQUITOES

INTRODUCTIONChemicalandbiologicalinvestigations
ofmosquitoautoinhibitorsledustodevelopanewtypeof
larvicidesandpupicidescollectivelytermedalkanamides
Hwangetal19791980HwangandMulla1980Ofthevar
iousalkanamidesNNdimethylalkanamidesweregenerally
activeagainstallstagesofimmaturemosquitoesEffective
formulationsoftheNNdimethylalkanamidesneededtobe
developedandtestedinthelaboratorybeforeproceedingto
undertakefieldtrials

Pesticideformulationsincludewettablepowdersemulsifi
ableconcentratesdustsgranuleswatersolubleconcentrates
flowableconcentratessolutionsandmicroencapsulatedpre
parationsForapplyingtheactiveingredientstoaquaticmos
quitobreedingsourcesandbecauseoftheimmiscibilityofthe
amidesinwaterpreparationsofemulsifiableconcentrates
seemedtobethemostappropriateforthispurposeAnemul
sifiableconcentrateusuallyconsistsofatoxicantanorganic
solventorsolventsandablendofemulsifiersAnemulsifier
systemisusedforcausingtheconcentratetodispersespon
taneouslyintosmallstabledropletswhenmixedwithwater

Herewereportthelarvicidalactivityofformulationsof
NNdimethyltetradecanamideandNNdimethylhexadecan
amideagainstthefourthinstarsofCulexquinquefasciatus
Say

MATERIALSANDMETHODSNNdimethyltetradecan
amidemp2728CandNNdimethylhexadecanamidemp
3839CweresynthesizedaccordingtoHwangandMulla
1980Allsolventsandsurfactantswereobtainedfromcom
mercialsourcesXyleneisofreagentgradeVelsicolAR60an
aromaticsolventhasaflashpointof1044Candaboiling
rangefrom237to293CMinasdieselfuelChevronOil
Companyismainlyamixtureofaliphaticandaromatichy
drocarbons

PluronicL121isanonionicdifunctionalblockpolymer
composedofpolypropyleneglycolfattyacidderivatives
TritonX100isacondensationproductofethyleneoxidewith
analkylphenolTween20wascomposedofpolyoxyethylene
sorbitanmonolaurate

Inpreparingemulsifiableconcentratestheprescribed
amountofanalkanamidewasdissolvedinasolventAsurfact

YihShenHwangMirSMullaandHusamADarwazeh

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

ABSTRACT

ForfieldassessmentlarvicidalandpupicidalNNdimethyltctrade
canamideandNNdimethylhexadecanamidewereformulatedinto
emusifiableconcentrateswhichwerethenevaluatedinthelaboratory
againstthefourthinstarsofCulexquinquefasciatesSayFormulations
consistingof20NNdimethyltetradecanamideand1TritonX100
ineitherVelsicolAR60orxylenedemonstratedgoodlarvicidalactiv
ityFormulationscontaining10ofNNdimethylhexadecanamideand
1or2Tween20inxylenewerealsoeffective
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antwasthenaddedtotheamidesolutionTheresultingmix
turewasshakenuntilahomogeneousformulationwasobtain
ed

Theemulsifiableconcentratesthuspreparedwereevaluated
againstthefourthinstarsofCxquinquefasciatusaccordingto
theprocedurereportedelsewhereHwangetal1974In
shortthedesiredamountofanemulsifiableconcentratewas
addedtotestdisheseachcontaining200m1tapwaterand20
larvaeAqueousmixturesoftheemulsifiableconcentratewith
variousconcentrationsoftheactivecompoundwerethereby
preparedinthedishesThebioassaytestswerereplicatedand
continueduntiladultemergenceMortalitieswerereadevery
otherdayThedosageresponsedatawereprocessedbya
Compucorpmodel145Ecomputorforthelogprobitanalysis
ThelarvicidalactivitywasexpressedintermsofLC50and
LC90inppmhoweverinsomecasesitwasexpressedasper
centmortalityatgivenconcentrations

RESULTSANDDISSCUSSIONSTable1showsthecom

positionsoftheformulationsofNNdimethyltetradecanamide
andtheirlarvicidalactivityagainstfourthinstarCxquinque
fasciatusInexperiment1a1solutionofNNdimethylte
tradecanamideinacetoneformulation1showedconsiderable
larvicidalactivitywithanLC50of23ppmandanLC90of
31ppmA20solutionoftheamideinVelsicolAR60with
outanysurfactantformulation2displayedaboutthesame
levelofactivityasformulation1Whentheamidewasformu
latedasa20solutioninVelsicolAR60with1Pluronic

L121asasurfactantformulation3theresultingformula
tiondidnotshowincreasedactivityThesubstitutionof
TritonX100forPluronicL121informulation3yielded
formulation4whichdidshowenhancedactivityHoweverin
theabsenceoftheamideamixtureofVelsicolAR60and
PluronicL121formulation5caused46mortalityanda
mixtureofVelsicolAR60andTritonX100formulation6
caused53mortalityThesemortalitiescausedbyformula
tions5and6inevitablymadetheactivityoffermulations23
and4unreliableInbothformulations5and6theconcen
trationofVelsicoAR60appliedtothetestdisheswasabout
20ppmwhichwasequivalenttothehighestconcentrationof



Table1 CompositionsofNNdimethyltetradecanamideformulationsandtheirlarvicidalactivityagainstfourthinstarxquin
gucfnirialus

Formulation

no Amide

3

4

5

Solvent

1 Acetone

20 VclsicolAR60

20 VclsicolAR60

20 VclsicolAR60

0 VclsicolAR60

0 VclsicolAR60

7 20 MinasDiesel

8 20 MinasDiesel

20 VclsicolAR60

10 20 VclsicolAR60

11 20 Xylenc
12 20 Xylenc
13 0 Xylenc
14 0 VelsicolAR60

SurfactantY

thesolventusedintheformulationscontainingtheamideThe
mortalitymighthecausedbythehighconcentrationofVelsi
colAR60Somepetroleumproductsarewellknowntoshow
someinsecticidalactivityPearceetal1948Trammel1965
Micksetal19671968

Inexperiment2themaximumconcentrationofthesol
ventswasreducedto12ppmtomoderatetheirtoxiceffects
A20solutionofNNdimethyltetradecanamideinMinas
dieselfuelformulation7displayedthesamedegreeof
activityastheacetonesolutionformulation1ortheVelsicol
AR60solutionformulation2Theadditionof1Triton
X100intotheMinasdieselfuelsolutionoftheamidedidnot

increasetheactivityoftheresultingformulation8Inthisex
perimenttheVelsicolAR60solutionoftheamideformula
tion9showedhigheractivitythanthatofformulation2in
experiment1Thistypeofdiscrepancysometimestookplace
inbioassaytestsTheadditionof1TritonX100intofom
ulation9resultedinobtainingformulation10whichdemon
stratedimprovedlarvicidalactivityFormulation11consist
edofa20solutionoftheamideinxylenewhichwasas
activeasothersolutionsAformulationof20amidein
xylenewithITritonX100formulation12alsoshowed
goodactivitycausing100mortalityatthe2ppmconcentra
tionoftheamideFormulations13and14didnotinduceany
mortalityprobablyduetothelowconcentrationofthesol
ventusedinthisexperimentThelackofactivitybyformula
tions13and14confirmedthatthetoxicityshownbyformu
lations91011and12wascausedbytheamide

AspreviouslyreportedHwangetal1980Hwangand
Mulla1980NNdimethylhexadecanamidedidnotdisplay
anymeasurableactivityatorbelowthe10ppmconcentration

Gxperiment1

PluronicLI211
TritonX1001
PluronicL1211
TritonX1001

Experiment2

TritonX1001

TritonX1001

TritonX1001

TritonX1001
TritonX1001

IThehighestconcentrationsofthesolventsatthefinaldilutionintestdishes
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ppm

LC50LC90

23 31

18 52

18 46

12 21

28 39

20 37

15 27

13 17

20 25

Cottenof

amideor

solventppm

20solvent

20solvent

2amide

12solvent
12solvent

Mortality

46

53

100

0

0

Table2experiment3formulation15howeverasolution
oftheamideinVelsicolAR60formulation16showedsome
activityAlthoughtheincorporationofI PluronicL121in

theVelsicolAR60solutionformulation17didnotenhance
theactivitytheadditionofTritonX100indeedincreasedthe
activityoftheresultingformulation18Theseresultsshould
beinterpretedwithcareduetothetoxiceffectsshownbythe
solventaloneinformulations19and20

Inexperiment4Table2a10solutionoftheamidein
xylencformulation21displayedsomeactivitywhichwas
nonethlesshigherthanthatoftheacetonesolutionformula
tion15Formulationscontaining10solutionoftheamide
inxylencwith1and2Tween20formulatins22and23
respectivelyconsiderablyincreasedtheactivityWhenthe
concentrationofTween20wasincreasedto4 theresultant

formulation24wasnotaseffectiveasformulations22and23

Intheabsenceoftheamideamixtureofxylene90ppmand
Tween201 didnotinduceanymortalityItclearlyindi
catedthatitwastheamidenotthesolventthatcausedmor
talityinthemosquitolarvae

Wehavetherebypreparedseveraleffectiveemulsifiablecon
centrateswhicharebeingassessedunderfieldconditions
Typicaleffectiveformulationsareasfollows

1Formulation10 20NNdimethyltetradecanamidcand
1TritonX100inVelsicolAR60

2Formulation12 20NNdimcthyltetradecanamideand
ITritonX100inxylene

3Formulations22and23 10NNdimethylhexadecan
amideand1and2Tween20inxylene



Table2CompositionofNNdimethylhexadecanamideformulationsandtheirlarvicidalactivityagainstfourthinstarCxquin
quefasciatus

Formulation

no

15

16

17

18

19

20

21

22

23

24

25

Amide

1

20

20

20

0

0

10

10

10

10

0

Solvent

Acetone

VelsicolAR60

VelisicolAR60

VelsicolAR60
VelsicolAR60

VelsicolAR60

Xylene
Xylene
Xylene
Xylene
Xylene

Surfactant

Experiment3

PluronicL1211
TritonX1001
PluronicL1211
TritonX1001

Experiment4

Tween201
Tween202
Tween204
Tween201

1Thehighestconcentrationsofthesolventsatthefinaldilutionintestdishes
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ofmosquitolarvaeVSyntheisandevaluationofsomebranched
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ppm

LC50LC90

10 10

25 68

36 40

16 29

73 136

24 36

20 35

35 51

Concnof

solventppm

20

20

Mortality

46

53

90 0
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THEOCCURRENCEOFpCHLOROANILINEAND2CHLOROPHENYLUREAFROMTHE

DEGRADATIONOFDIFLUBENZURONINWATERANDFISH

CHSchaefer1AEColwellandEFDuprasJr

ABSTRACT

INTRODUCTIONResearchtodefinethepotentialof
diflubenzuronDimilinTMorTH6040asamosquitocontrol
agentinCaliforniawasinitiatedin1973Sincethenextensive
studieshavebeenconductedtodetermineitsefficacyagainst
targetdipteransSchaeferetal1974197519761977its
effectsonnontargetorganismsAppersonetal1978Miura
andTakahashi19741976TakahashiandMiura1975andits
persistenceintheenvironmentSchaeferandDupras1976
1977Schaeferetal1979Apetitionfortheregistrationof
thisinsecticideispending

Generallydiflubenzuronishighlyeffectiveagainstmos
quitoesmidgesandgnatshasonlyshorttermeffectsa
gainstsensitivenontargetsandisnotpersistentinhabitats
whereitwouldbeappliedHoweveroneestablishedmetab
oliteformedfromdiflubenzuronispchloroanilincFigure
1ThiscompoundisclassifiedasamutagenbytheNational
CancerInstituteandtheCancerAssessmentGroupofEPA
Dataisneededtoestablishtheextentofconversionofdiflu

benzurontopchloroanilineinthehabitatswhereitwould
heusedbymosquitoabatementdistrictsThisstudywas
undertakentoquanitativelymeasuretheconversionofdi
flubenzurontopchloroanilineinthewatersoftypicalbreed
inghabitatsapastureapondandalakeandintheedible
tissuesoffishsinceaccumulationofdiflubenzuronfrom

waterintofishtissueshasbeenestablishedSchaeferetal
1979

MATERIALSANDMETHODSOnAugust201979a02
haexperimentalpastureinKernCountywastreatedwith008
kgAIhadiflubenzuronusinga25WPformulationapplied
inwaterBeforetreatmentat1hrandat123and4days
aftertreatmenttwo600mlwatersampleswerecollectedfor
analysis

Inordertostudythedegradationofdiflubenzuroninthe
waterofClearLakeaseriesofglasstubesKimaxRbeaded
processpipe152crnidx30mwereinsertedthroughthe
watercolumn17mdepthandintothemudbottomca
30cmdepthThetubeswereanchoredtoapierFigure2
andcoveredwithventilatedacrylicresinLuciteRcoversto

IMosquitoControlResearchLaboratoryUniversityofCalifornia
5544AirTerminalDriveFresnoCA93727

LakeCountyMosquitoAbatementDistrict410Esplanade
LakeportCA95453

Whenditlubenzuronwasappliedtoapasturealakeandapond
theparentcompounddegradedinwatertopchlorophenylureaSmall
amountsofpchloroanilinewereapparentbutthismaterialwasonlya
minordegradationproductFishaccumulateddiflubenzuronfrom
waterupto160Xbutthetissueconcentrationdeclinedsteadilywith
timeThefishtissiescontainedmoderateamountsofpchlorophenyl
urcabutonlytracelevelsofpchloroaniline
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avoiddepositionofexcrementbybirdsOnJune181979the
tubesweretreatedwith05AIsandgranuleswithamounts
calculatedtogive0525and50ppbdiflubenzuronWater
samples600mlwerecollectedfromeachtubebeforetreat
mentat3hrandat714and21daysfollowingtreatment
OnAugust221979anothersetoftubesasabovewastreat
edwithdiflubenzuron25WPtogivecalculatedconcentra
tionsof020and200ppbInthelattertestthe25WPwas
slurriedinwaterpouredintothetubeandthenmixedinto
theuppertwothirdsofthewatercolumnWatersamples600
mlweretakenfromeachtubebeforetreatmentat1hrand
at7and14daysfollowingtreatment

OnJuly201979anexperimentalpond12x175x17
minLakeCountywastreatedwith05AIsandgranules
togiveacalculatedconcentrationof200ppbdiflubenzuron
ThepondcontainedunknownnumbersofblucgillLepomis
macrochirusInordertoensuresufficientnumbersoffishfor
samplingbluegillwerecollectedfromanotherpondandthese
wereplacedinalivecar61x61x61cminthepondtobe
treatedFishwerecollectedforresidueanalysisfromthepond
byhoopnet737cmdiameter254cmaperturesbyseine
91x10m20mmaperturesandalsofromthelivecareat
intervalsupto19daysposttreatmentFishwereplacedin
plasticbagswhichweresealedincansandthenfrozenand
heldat20CorbelowuntilanalysisWatersamples600ml
fromthepondweretakenfromthetopandmiddepthlevels
beforetreatmentandat3hrandat512and19dayspost
treatment

Theseparationofdiflubenzuronpchloroanilineand
pchlorophenylureawasaccomplishedbypHadjustmentsand
partitioningintoorganicsolventsDiprima1976Diflubenz
uronandpchlorophenylureawerethenhydrolyzedunderacid
conditionstopchloroanilinethelatterwasderivatizedwith
heptafluorobutyricanhydridetotheanilideandthenanalyzed
bygaschromatographyusinganelectroncapturedetector
Rabenortetal1978

Allwatersampleswerestabilizedimmediatelyaftercollec
tionwithHCLpH20andtheadditionofhexaneThey
weretransportedtothelaboratoryandextractedonthesame
day

Inordertodeterminethepossiblelossofdiflubenzuron
AIfromwaterthroughcrystallizationaglasscolumn46x
600cmcontaining900mlofClearLakewaterwastreated
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DIFLUBENZURON

with25WPtogiveacalculatedconcentrationof200ppb
After1hrtheuppermidandlower300mlportionsofthe
watercolumnwerecollectedandanalyzedforditlubenz
uronThefrittedglassdiscatthebottomofthecolumnwas
rinsedwithacetonethiswascollectedandanalyzedThewalls
ofthecolumnwerewashedwithacetoneandthiswasalso

analyzedTheexperimentwasconductedinthelaboratoryat
roomtemperature22

RESULTSANDDISCUSSIONRecoveryfromwater
Pretreatmentwatersamplesfromeachstudysitewereforti
fiedwith10ppbdiflubenzuronpchlorophenylureaand
pchloroanilineseparatelyInallcasesrecoverieswerevery
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high95 andthereforetheobserveddatawerenotcorrect

edforlossduringanalysis
Degradationinpasturewater Thepastureplottreated

with009kgAIdiflubenzuronwasca30cmdeepatthetime
oftreatmentthepHofthewaterwas82andthetemperature
was23CAfternoonwatertemperaturesofthepastureplots
reachedhighsof3840CduringthisperiodThedegradation
ofdiflubenzuroninthishabitatisshownTable1fora4day
periodafterwhichthewaterlevelwastoolowtoallowsampl
ingItisapparentthathydrolysistopchlorophenylureais
theprimarymeansofdegradationthisisconsistentwithother
studiesSchaeferandDupras1976Ivieetal1980Itisalso

CI

CI



Figure2SamplingglasstubesanchoredinClearLake
photographbyJKClark

apparentthatsmallamountsofpchloroanilineformbutthat
itisnotamajorbreakdownproduct

DegradationinClearLakewater Thestudiesofdiflu

benzurondegradationinglasstubesinClearLakearesummar
izedinTables2and3ThepHofClearLakewateradjacent
toandwithinthetubesvariedfrom76to86duringthese
testsandthewatertemperatureswereca27ConJuly25
1979and22Con82279Theconcentrationsofdiflubenz
uroninthewaterfollowingbothtreatmentsthefirstwith
05sandgranularesandthesecondwith25WPweremuch
lowerthanthecalculatedvaluesHoweverthesamedegrada
tionpatternwasobservedasinthepastureplotiesignificant
formationofpchlorophenylureawithonlysmallamountsof
pchloroanilinebeingapparent

DegradationinwaterofaLakeCountypond Table4

summarizesdataonthedegradationofdiflubenzuronapplied

86

Table1Residuesofdiflubenzuronpchlorophenylurea
andpchloroanilineinpasturewaterfollowingtreatmentof
002ha pastureplotwith009kghadiflubenzuronon
82079

Sample

time

pre

lh

Concentrationinwaterppb

diflubenzuron pchlorophenylurea pchloroaniline

ND ND
158 59

248 54

203 56

1d 201 51

231 43

216 47

2d 103 75

168 63

136 69

3d 31 72

57 68

44 70

4d 13 74

34 71

24 72

1ND02ppb
2ND01ppb
3ND01ppb
4Average

ND
02

11

06

05

03

04

26

16

21

20

06

13

37

14

26

toaLakeCountypondThehighestconcentrationofdiflu
benzuronfoundwasonly5ppb5clayswhilethetotal
amountappliedonthesandgranuleswascalculatedtogive
200ppbConcentrationsofdiflubenzuronintheupperand
middlelevelsofthepondweresimilarateachsamplingtime
indicatinganevendispersaloftheactiveingredientthatwas
presentThedegradationpatterninthispondtopchloro
phenylureawithonlysmallamountsofpchloroanilineissim
ilartotheresultsfromtheotherhabitatsstudied

UptakeandDegradationinfishtissuesintheLakeCounty
pond Themaximumaccumulationfromwaterintobluegill
tissueswasca160X5to800ppbandtherewasasteady
declineasthestudyperiodprogressedTable5Tissuelevels
ofdiflubenzuronwereapproximatelyequalbetweenfish
collectedfromthepondandthoseheldinthelivecarfordays
1and3thereaftertheresidueswerehigherinfishfromthe
livecardays519Itispossiblethatfreelivingfishwereable
tometabolizediflubenzuronfasterthanthoseconfinedinthe

livecarFishtissuesalsocontainedpchlorophenylureaandits
concentrationremainedmoderatelysteadythroughoutthe19
daysamplingintervalOnlysmallamountsmostvaluesjust
abovedetectionlimitofpchloroanilinewereapparentand
therewasnoevidencethatitaccumulatedinfishtissues



Table2Residuesofdiflubenzuronpchlorophenylureaandpchloroanilineinwaterfollowingtreatmentofglasstubesin
ClearLakeon71879

Sample
time

Sample

time

3h 1 0 ND ND ND
3h 4 5 27 ND ND
3h 5 25 99 01 ND

3h 6 50 104 02 ND

7d

7d

7d

7d

1

4

5

6

14d 1 0 ND ND ND

14d 4 5 12 04 01

14d 5 25 27 19 01

14d 6 50 20 19 01

21d 1 0 ND ND ND

21d 4 5 11 03 01

21d 5 25 32 05 01
21d 6 50 42 23 01

1ND 02ppb

2ND 01ppb

3ND 01ppb

Table3ResiduesofdiflubenzuronpchlorophenylureaandpchloroanilineinwaterfollowingtreatmentofglasstubesinClear
Lakeon82279

Tube

Pre 1 0 ND ND ND
Pre 2 20 ND ND ND
Pre 3 200 ND ND ND

1h 1 0 ND ND ND
1h 2 20 153 72 ND
1h 3 200 445 170 09

7d 1 0 ND ND ND
7d 2 20 77 82 03
7d 3 200 191 100 05

14d 1 0 ND ND ND
14d 2 20 05 49 02
14d 3 200 298 74 09

1ND 02ppb
2ND 01ppb
3ND 01ppb

Tube

Treatment

ppb

Treatment

PPb

diflubenzuron

0 ND ND ND

5 13 02 ND

25 18 08 01

50 60 07 01

diflubenzuron
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Concentrationppb

chlorophenylurea pchloroaniline



Prc top ND ND ND
Prc middle ND ND ND

3h top 13 06 ND

3h middle 10 01 ND

5d top 51 31 02

5d middle 46 24 04

12d top 20 13 01

12d middle 15 12 01

19d top 11 24 01

19d middle 15 31 02

1ND 02ppb

Sample Collection

method

2ND 01ppb 3ND 01ppb

Table5ResiduesofdiflubcnzuronpchlorophenylureaandpchloroanilineintissuesofbluegillsunfishfromaLakeCounty
pondtreatedwithdiflubenzuronon72079

diflubenzuron

Concentrationppb

pchlorophenylurea pchloroaniline

Pre Seine ND ND ND
3h HoopNet 1189 16 08

1d Seine 8125 80 21

LiveCar 7485 74 09

3d LiveCar 5919 172 11

Seine 6025 584 25

4d LiveCar 5892 680 20

Seine 2760 176 21

5d HoopNct 2521 96 13

LiveCar 5468 396 13

6d LiveCar 5998 416 13

HoopNet 2893 256 ND

7d LiveCar 4778 316 23

Seine 2813 308 21

8d LiveCar 5255 294 48

HoopNet 2548 232 18

10d LiveCar 3026 368 17

HoopNet 1699 256 09

12d LiveCar 1964 308 11

Seine 1539 324 09

14d Seine 1094 280 09

17d Seine 1040 308 09

19d LiveCar 860 326 13

Seine 579 332 09

Table4Residuesofdiflubcnzuronpchlorophenylureaandpchloroanilineinpondwaterfollowingtreatmentwithdiflu
benzuronon72079

Sampling Sampling
time depth

1ND 22ppb

diflubcnzuron

2ND 12ppb 3ND 08ppb
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Lossofdiflubenzuronfromwaterbyprecipitation When

diflubenzuronwasaddedtoacylindricalglasscolumncontain
ingClearLakeWaterat200ppbandthenallowedtostandfor
1hronly46oftheactiveingredientappliedwasfoundin
thewaterandthiswasevenlydispersedwithdepthThe
frittedglassdisconthebottomofthecolumnhad45and
theremaining9wasrecoveredfromthetubewallThusin
thissimplelaboratoryexperimentlessthanonehalfofthe
diflubenzuronappliedwasintheaqueousphaseeventhough
thewatersolubilityisca200ppbDiflubenzuronandother
substitutedbenzamideshavepeculiarsolubilitycrystallization
propertiesandasoneattemptstoapproachthesolubilitylimit
theactiveingredientislikelytoformsmallcrystalsandpre
cipitateThismayexplaintheproblemsencounteredin
tryingtoobtainhighrelativetothesolubilitylimitconcen
trationsofdiflubenzuroninfieldwatersEarlierfieldapplica
tionstolargewaterbodiesAppersonetal1978atrelatively
lowdoses25 100ppbresultedinmeasuredconcentrations
veryclosetothecalculatedvalues

REFERENCESCITED

AppersonCSCHSchaeferAEColwellGHWernerNL
AndersonEFDuprasJrandDRLonganecker1978Effects
ofdiflubenzurononChaoborusastictopusandnontargetorganisms
andpersistenceofdiflubenzuroninlentichabitatsJEcon
Entomol71521527

DiPrimaS11976ThompsonHaywardChemicalCompanyKansas
CityKansasAnalyticalmethodfordeterminationofdiflubenz
uron4chlorophenylureaand4chloroanilincbygaschromato
graphy

vieGWDLBullandJAVecch1980Fateofdiflubenzuronin
waterJAgricFoodChemInpress

MiuraTWDMurrayandRMTakahashi1975Effectsof
DimilinTMonnontargetorganismsinearlyspringCulextarsalis
larvalhabitatsProcCalifMosqControlAssoc437983

MiuraTCHSchaeferRMTakahashiandFSMulliganIII
1976EffectsoftheinsectgrowthinhibitorDimilinRonhatching
ofmosquitoeggsJEconEntomol49655658

89

MiuraTandRMTakahashi1974Insectdevelopmentalinhibitors
Effectsofcandidatemosquitocontrolagentsonnontargetaquatic
organismsEnvEntomol3631636

MiuraTandRMTakahashi1974ToxicityofTH6040tofresh
watercrustaceaandtheuseofatoleranceindexasamethodofex
pressingsideeffectsonnontargetsProcCalifMosqControlAssoc
42177180

MiuraTandRMTakahashi1975EffectsoftheIGRTH6040on
nontargetorganismswhenutilizedasamosquitocontrolagent
MosqNews35154159

MiuraTandRMTakahashi1976EffectsofDimilinonnontarget
organismsRepeatedutilizationsonthesamehabitatsasamosqui
tolarvicideProcCalifMosqControlAssoc448689

Rabenorl11PCdcWildcPGdeBoerIKKorverSJDiPrima
andRDCannizzaro1978DiflubenzuronInanalyticalmethods
forpesticidesandplantgrowthregulatorsGZweigandGShcnna
EdsAcadPress105772

SchaeferCH1973Theoutlookfornewchemicalmosquitocon
trolagentsProcUtahMosqAbateAssoc2613

SchaeferCHand11FDuprasJr1976Factorsaffectingthesta
bilityofDimilininfieldwatersJAgricFoodChem24733739

SchaeferCHandEFDuprasJr1977Residuesofdiflubenzuron
114chlorophenyl326difluorobenzoylurealinpasturesoil
vegetationandwaterfollowingaerialapplication1Agrichood
Cheni2510261030

SchaeferCILEFDuprasJrRJStewartLWDavidsonand
AEColwell1979Theaccumulationandeliminationofdiflu
benzuronbyfishBullEnvContaminationToxicol21249254

SchaeferCHTMiuraWHWilderandFSMulliganIII1975
EvaluationofnewchemicalsasmosquitocontrolagentsProcCalif
MosqControlAssoc437577

SchaeferCHTMiuraWHWilderandFSMulliganI111977
EvaluationofDimilinTMPydrinTMSumithionRRcsmcthrinand
FenethcarbforthecontrolofCaliforniamosquitoesProcCalif
MosqandVectorControlAssoc45146148

SchaeferCHWHWilderandFSMulliganI111975Apractical
evaluationofT116040asamosquitocontrolagentinCaliforniaJ
EconEntomol68183185

SchaeferCHWHWilderandFSMulliganHL976Evaluation
ofDimilinTMBAYMEB6046andSD43775asmosquitocontrol
agentsProcCalifMosqControlAssoc449799

SchaeferCHWHWilderFSMulliganIIIandEFDuprasJr
1974InsectdevelopmentalinhibitorsEffectsofAltosidR
TH6040andH24108againstmosquitoesDipteraCulicidaeProc
CalifMosqControlAssoc42137139

TakahashiRMandTMiura1975Insectdevelopmentinhibitors
MultipleapplicationsofDimilinandAltosidRtoGambusiaaffinis
ProcCalifMosqControlAssoc438587



APROGRESSREPORTONTHEIMPACTOFJOINTROTATIONALANDSEQUENTIAL

USEOFINSECTICIDESONTHEDEVELOPMENTOFRESISTANCEBYMOSQUITOES

Resistanceistraditionallycounteredbythefollowingthree
principalmeasureswhichareusuallyintroducedinthese
quenceshown

Morefrequentapplicationsoftheinsecticide
Applicationathigherdosages
Substitutionoftheinsecticidewithanalternativechem

icalwhosetoxicityisnotaffectedbycrossresistance
Asthenumberofavailablechemicalswasgraduallyde

creasedduetothedevelopmentofresistanceitbecameim
perativethatalternativeproceduresofinsecticideusagebe
formulatedthatcouldextendtheirusefullifeTothisend
threemainmeasureshavebeenconsidered

Useofaninsecticidewithasynergist
Useofmixturesofinsecticides

Useofinsecticidesinarotationalsequence
Commercialsynergistsarestilllimitedtopiperonylbutox

idewhichissuitableonlyforindooruseInthisbriefpaper
wereportontheprogressofresearchthatisbeingcarriedout
inourlaboratorywithmixturesandrotationsofchemicalsas
possiblecountermeasuresforresistance

Theprincipleuseofmixturesassumesthatgenesforre
sistancetoeachchemicalinthemixturearesorarethatthe

possibilityoftheirbeingpresenttogetherinthesameinsectis
veryremoteThusamosquitothatiscapableofsurvivingone
insecticidewillbekilledbytheotherinsecticideinthemix
tureThisrequirementmakesitalmostmandatorythatthe
constituentsofthemixturehavedissimilarmodesofaction

andthattheybesubjecttodissimilardetoxicationpathways
Inrotationalapplicationstwoormoredifferentinsecti

cidesareselectedandareappliedindividuallyaccordingtoa
piedeterminedscheduleIfonechemicalisrepeatedlyapplied
andisnotreplaceduntilresistancebeginstodevelopthe
systemiscalledsequentialThechallengeinthiscaseisto

W

En

U

H
rn

IV

GENERATION 1 2 3

COMPOUND I II III

APPLIED

FIRSTCYCLE

GPGeorghiouALagunesandJDBaker

UniversityofCalifornia
DivisionofToxicologyandPhysiology

DepartmentofEntomologyRiversideCalifornia92521
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determinetheoptimalsequenceofuseoftheavailable
chemicals

Theprincipleofrotationandsequentialusageisbasedon
thepremisethatresistancetoagivenchemicaldeclinesinthe
absenceofselectionpressurefromthatchemicalduetothe
lowerreproductivefitnessoftheresistantindividualsAssum
ingthatthisdeclineisrelativelyfastandthatthesamechem
icalisusedatsufficientlywideintervalsresistanceshould
theoreticallynotevolveorshouldremainstationary

Thehopedforresultsofasystemofrotationaluseoffour
compoundsIIVinthreecyclesoveraperiodof12genera
tionsareshowndiagrammaticallyinFigure1Resistanceto
eachcompoundrisesslightlyinthegenerationfollowingthe
oneinwhichitisusedgenerations15and9inthecaseof
compoundIbutdeclinesintheinterveningthreegenera
tionsduringwhichtheunrelatedcompoundsIIIIIandIV
areused

Inexaminingtheliteraturewefindthatbothprinciples
mixturesandrotationshavebeentriedpreviouslymainlyon
agriculturalpestsandthattheresultshavebeennegativeposi
tiveorinconclusiveInretrospecttheproblemappears
tohavebeenthelackofanadequatechoiceofchemicals
thatwouldmeettherequirementsforindependentmodes
ofactionanddissimilarpathwaysofdetoxication

Recentdiscoveriesofnewtoxicagentsofdisparatestruc
turesandmodesofactionsuchasjuvenilehormonemimics
chitininhibitorsBacillusthuringiensistoxinpyrethroidsand
certainderivatizedcarbamatesandorganophosphateshave
promptedustoreexaminethevalidityoftheseapproaches
Weshouldstressthatthisislongtermresearchandthatcer
tainaspectsespeciallyrotationsrequireselectionforseveral
generationsbeforedefinitiveconclusionscanbereached

4 5 6 7 8 9 10 11 12

I
IV I II III IV I II III IV

1
SECONDCYCLE THIRDCYCLE

1 1

Figure1DiagrammaticrepresentationofexpectedfluctuationofresistancetocompoundsIIIIIIandIVemployedconsecu
tivelyinthreecyclesduring12generationsofaninsectpopulationAdaptedfromGeorghiou198Q



Wehaveemployedthreeinsecticidestemephospropoxur
andpermethrinEachoftheseisknowntoinducehighresist
ancetotheothersTobeginwithwesynthesizedastrainof
Culexquinquefasciatusbyincorporating2ofthegenomeof
threeresistantstrainsTemephosRPropoxurRandPerme
thrinRintoasusceptiblestrainofthisspeciesThiswas
accomplishedbyrepeatedlybackcrossingeachresistantstrain
tothesusceptiblestrainandsubsequentlycombiningthere
sultingthreelinesSubcoloniesfromthissyntheticstrainwere
selectedwitheachinsecticideappliedeithersinglyorjointly
aswellasinvariousrotationalsequences

Althoughthisstudyisstillincompleteanumberoftrends
areemerging

Eachstrainthatwasselectedwithasinglechemicalprompt
lydevelopedresistancetowardthatchemicalthusconfirming
thatthefactorsforresistancefromstrainsTemephosRPro
poxurRandPermethrinRhadindeedbeenincorporatedin
thesyntheticstrainTherewasnocrossresistanceevidentto
wardtheothertwochemicals

Uponsuspensionofselectionpressurethelevelofresist
ancebegantodeclineThisregressionwasfasterinthete
mephosselectedstrainlesssointhepermethrinstrainand
leastinthepropoxurstrain

Selectionbycombinationsinvolvedtemephos propoxur
temephos permethrinpropoxur permethrinandtemephos

propoxur permethrinAfterselectionfornineconsecutive

generationsasignificantdegreeofresistancetopropoxur
evolvedinallstrainsinwhichpropoxurwasincludedasa
selectinginsecticidehoweverresistancetotemephosandper
methrinwasinhibitedbythecombinations

Sequentialusageconsistedofselectionofastrainbyone
chemicaluntilsignificantresistancehadappearedatwhich
timeitwasreplacedbyasecondchemicalAfterresistanceto
thishadalsoappeareditwassubstitutedbythethirdchem
icalThefollowingsequenceswerestudied

TemephosPropoxurPermethrin
TemephosPermethrinPropoxur
PropoxurTemephosPermethrin
PropoxurPermethrinTemephos
PermethrinTemephosPropoxur
PermethrinPropoxurTemephos

Table1Resistanceexperimentswithpesticidecombinations

Author

1961Asquith Field

1960Burdenetal

1964Asquith

Site Pest

Lab
Field

1973Ozakietal Lab

1976PimentelandBellotti Lab

Panonychusulrni
Tetranychusurticae
Blattellagermaniea
Panonychusulmi
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Themostinterestingobservationemergingfromtheresults
ofsequentialusagewastherapidregressionofresistanceto
temephosorpermethrinwhenselectionbyoneofthesetwo
chemicalswasfollowedbyselectionbytheotherThuste
mephosresistanceregressedrapidlywhentemephoswasre
placedbypermethrinastheselectingagentandviceversa
andthisregressionappearedtobesomewhatfasterthanwas
observedinstrainsthatwereremovedcompletelyfromselec
tionpressureThisreciprocalrelationshipdidnotappearto
existbetweenpropoxurandpermethrinorbetweenpropoxur
andtemephosWhetheranegativerelationshipexistsbetween
permethrinandtemephosresistanceisnowbeingexaminedby
genetictests

Theconceptofuseofinsecticidesinmixturesrotationsor
inoptimalsequencesmaybelimitedinmanyinstancesby
economicorpracticalconsiderationsHoweverwherecontrol
practicesareappliedonalargescaleandarecentrallycoordi
natedthisconceptmightpresentadistinctadvantageasa
meansofdelayingoravertingtheevolutionofresistance

AsquithD1961Methodsofdelayingselectionofacaricideresistant
strainsoftheEuropeanredmiteJEconEntomol54439441

AsquithD1964ResistancetoacaricidesintheEuropeanredmite
JEconEntomol57905907

BurdenGSCSLofgenandCNSmith1960Developmentof
chlordaneandmalathionresistanceintheGermancockroach
JEconEntomol5311381139

GeorghiouGP1980Insecticideresistanceandprospectsforits
managementResidueReviewsinpress

GravesJBandJSRoussel1962Statusofbollweevilresistanceto
insecticidesinLouisianaduring1961JEconEntomol5593840

GravesJBJSRousselJGibbonsandDPatton1X67Laboratory
studiesonthedevelopmentofresistanceandcrossresistanceinthe
bollweevilJEconEntomol604750

JeppsonLRMJJesserandJOComplin1958Resistanceofthe
citrusredmitetoorganicphosphatesinCaliforniaJEconEnto
mol51232233

OsakiKYSasakiMUedaandTKassai1973Resultsofthealtern
ateselectionwithtwoinsecticidesandthecontinuousselectionwith
mixturesoftwoorthreeonesofLaodelphaxstriatellusFallen
BotyuKagaku38222231

PimentelDandACBellotti1976Parasitehostpopulationsystems
andgeneticstabilityAmerNatur110877888

Chemicals

Dicofol Tetradifon
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Dimethoate Dicofol

Dimethoate Tetradifon

Laodelphaxstriatellus Malathion Carbaryl
Malathion Tsumacide
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Table2Resistanceexperimentswithpesticiderotations

Author

1958Jcppsonetal

1961Asquith Field

1960Burdenetal

1962Graves Roussel

1967Gravesetal

1973Ozakietal

Site Pest

Field Panonychuscitri

Lab
Field
Lab
Lab

Panonychusulni
Tetranychusurticne
Blattellagermanica
Anthonomusgrandis
Anthonomusgrandis
laodelphaxstriatellus

Chemicals

DemetonOvcx
DemetonAramite

DicofolTetradifon

ChlordaneMalathion
ToxapheneDDT
EndrinAzinphosmethyl
MalathionCarbaryl

NEWSYNTHETICPYRETHROIDS EFFECTIVEMOSQUITOLARVICIDES

MirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521

MosquitofaunainCaliforniaisquitediverseandthemany
speciesfoundinthisStateutilizeavarietyofhabitatsasbreed
ingsourcesandsheltersitesTomanagethepopulationsof
suchdiversefaunainavarietyofhabitatsitisnecessarythata
multitudeofmanagementtechniquesbedevelopedforeffec
tivemosquitocontrol

Theuseofchemicallarvicidesplayanimportantroleinthe
overallmosquitocontrolprogramsinCaliforniaHoweverthe
developmentofwidespreadresistancetomanyoftheconven
tionalsyntheticlarvicideshasresultedinmanyfailuresusing
thecommonandcurrentlylabelledlarvicidesToovercome
thisdifficultycontinuousandsystematicefforthastobe
directedtowardthedevelopmentofmorespecificeffective
andrelativelysafelarvicidesAsaresultofconcertedeffortin
thisdirectionresearchonsomeofthenewersyntheticpyreth
roidshasbeenexpandedinthelasttwoorthreeyears

Duringthepast20yearsafairlylargenumberofsynthetic
pyrethroidsrelatedtothenaturalpyrethrinshavebeen
studiedforinsectcontrolHoweverpracticallyallofthese
manifestedhighlevelofactivityagainstadultmosqitoeswhile
showinglittleornoactivityagainstmosquitolarvaeinaquatic
habitatsSincemostofthemosquitocontroloperationsin
Californiaareaimedattheimmaturemosquitoestheavaila
bilityofsyntheticpyrethroidsprovidednorelieffortheOP
resistantmosquitoes

Howeververyrecentlyanumberofnewersyntheticpy
rethroidshavebecomeavailableforexperimentationagainst
insectpestsThesepyrethroidsunliketheirolderrelativesare
photostableandarehighlyeffectiveagainstmosquitolarvae
Anadditionalbonuseffectofthesecompoundsistheirhigh
levelofactivityagainstmosquitopupaewithalittleincrease
intheeffectivelarvicidalratespupalpopulationsarealso
controlledeffectivelyThisuniquefeatureofthesynthetic
pyrethroidsrendersthisnewclassofcompoundshighlyde
sirableinmosquitocontrolprogramsUsingthesyntheticpy
rethroidsonecandelaythetreatmentfor23daysaperiod
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Synthetic

pyrethroid

allethrin

bioresmethrin

decamethrin

dimethrin

fenvalerate

neopyanmin
permethrin

pyrethrins
resmethrin

sumithrin

ethylparathion
methylparathion

3040

30

0045

5065

78

1015

23

1520

56

1020

25

38

1OPresistantstrainfromSanJoaquinValley

1012

1014

0810

89

510

70700

600700

afterwhichtheextentofthebreedingsourcesmaybegreatly
diminishedthusrequiringlesseffortandmaterialforapplica
tion

Intheearlierstagesofourresearchwefoundthatseveral
syntheticpyrethroidswerehighlyeffectiveinthelaboratory
butduetotheirphotoandenvironmentalsensitivityoneof
thesematerialsyieldedsatisfactorylarvalcontrolatpractical
ratesinthefieldAsafollowupofthissystematicresearch
recentlyseveralsyntheticpyrethroidshavebecomeavailable
forevaluationagainstmosquitolarvaeAmongthenewgenera
tionofsyntheticpyrethoridsthereareseveralcompounds
thatmanifestedveryhighlevelofactivityTable1Themost

Table1Activityofpyrethrinsandsyntheticpyrethroids
againstmosquitolarvaeinthelaboratory

24hrLC90ppbtomosquitospecies

Cxquinquefasciatus Aenigromaculisl



effectiveofthesearedecamethrinpermethrinandsumithrin
TheLC90lethalconcentrationkilling90oftheexposed
populationofthefirstmentionedisintherangeof004509
partsperbillionThisisthemosteffectivecompoundever
testedagainstmosquitoesPermethrinandsumithrinarealso
highlyeffectiveespeciallyagainstOPresistantmosquitoes
seeTable1

Althoughresmethrinshowedaveryhighlevelofactivity
againstmosquitolarvaeinthelaboratoryseeTable1itfail
edtocontrollarvalmosquitoesatpracticaldosagesinthefield
Table2Asinthelaboratorydecamethrinyieldedcomplete
controloflarvaeattheverylowratesof0000250005lb
acrelessthanateaspoonfulacreunderavarietyoffield
conditionsPermethrinandsumithrinalthoughproducing
goodresultsathigherratesarestillconsideredtohaveexcel
lentactivityagainstfieldpopulationsofmosquitoessee
Table2

CxtarsalisandCsinornatabothwerehighlysusceptible
todecamethrinIttookfrom00002500005IbAofactive
ingredienttoproduce90100controlofthesemosquitoes
Thisrateofapplicationisequivalenttoanamountoflessthan
halfagramofaiperacreBioresmethrinandresmethrinwere
10002000timeslessactivethandecamethrinunderfield
conditons

AgainstPscolumbinedecamethrinwasnotaseffectiveas
againsttheabovespeciesIttookalmost410timesasmuch

Table2Efficacyofsyntheticpyrethroidsagainstvariousspeciesofmosquitoesunderfieldconditions

MosquitoSpecies

Crtarsalis

Csinornata

Pscolumbiae

Aenigromaculis
1

Habitatand

Location

Ponds

Riverside

CoachellaValley

Irrigatedpastures
PaloVerdeValley

Irrigatedpastures
SanJoaquinValley
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materialtocontrolOPresistantpopulationsoflenigromacu
lisandPsrolumbiaebutstilldecamethringaveexcellentcon
troloffloodwatermosquitoesattheratesof00010005
lbacrelessthan25gacre

Fenvaleratepermethrinandsumithrinwereeffectiveinthe
rangeof0025020lbacreThelattertwomaterialswerees
sentiallythesameintheirefficacyagainstmosquitopopula
tions

Asmentionedearlierthesyntheticpyrethroidsunlike
manyothermosquitolarvicideshaveexcellentactivityagainst
mosquitopupaeFromthestandpointofmosquitocontrol
programsthisattributeofthesyntheticpyrethroidshasnum
erouspracticalimplicationsThesyntheticpyrethroidsif
developedandclearedforuseinmosquitocontrolprograms
willdefinitelymitigatesomeofthecurrentdifficultiesen
counteredinmosquitocontrolprogramsinCaliforniaandelse
where

Itshouldbepointedoutthatmosquitoeswillverylikely
developresistancetothesyntheticpyrethroidsastheyhaveto
othersyntheticlarvicidesItisthereforeveryadvisabletolimit
theuseofthesenewcompoundstosituationswhereotherlar
vicidalcompoundsareineffectiveSomeofthesynthetic
pyrethroidspossessahighleveloftoxicitytogameandwarm
waterfishesThereforegreatcautionhastobeexercisedin
theuseofsyntheticpyrethroidsinlargescalemosquitocon
trolprograms

Syntheticpyrethroid
andformulation

LbsAyielding
90100control

ABG6070EC4 005010

decamethrinEC021 000025 00005

bioresmethrinEC1 025050

fenvalerateEC24 0025005

permethrinEC08 001 0025

resmethrinEC2 05010

sumithrinEC2 005010

decamethrin 00010005

fenvalerateEC24 01 020

permethrinEC08 0025005

decamethrinEC021 000250005

fenvalerateEC24 0025005

permethrinEC20 0010025

EC32 0025

WP 0010025

sumithrinEC2 0025005

10PresistantThosepopulationswithhighOPresistance wreemoresusceptibletothesepyrethroidsthanlessresistantpopula
tions



THESTORAGESTABILITYOFALTOSANDDURINGTHESUMMERMONTHS

MATERIALSANDMETHODSThebatchesofAltosand

studiedwerepreparedbypersonneloftheFresnoMADduring
theregularcourseoftheiroperationalactivities

TwostoragetestswereconductedattheFresnoLabora
toryThesandformulationswerefreshlypreparedatthe
FresnoMADandbatcheswerethendividedinto2lotsone
wasstoredinanairconditionedlaboratoryandtheotherin
anoutsidemetalshedrestingonasphaltwithoutanycooling
unitAllsampleswereplacedinplasticbagsheldtightly
closedbyrubberbandsthroughoutthestorageintervals

INTRODUCTIONDuringthepastseveralyearsmany
MosquitoAbatementDistrictshavebeenapplyingAltosidSR
10usingasandformulationAltosandThemethodforon
sitepreparationofthesandisgivenbythemanufacturerTo
preparea100pound45Kgbatch

1Measurethetimerequiredforalevelfunnelfullofsandto
empty

2Intoarotatingtypemixerplace96pounds432Kgof
dry2045meshsandWhilethemixerisrotatingslowly
pour2pounds09Kgor30fluidounces840mlof
AltosidSR10intothesandIfbetterwettingisrequired
theAltosidSR10maybedilutedinuptoanequalvolume
ofwater

3MixuntilthesandisuniformlycoatedwiththeAltosid
SR10usually5to10minutes

4Stopthemixerandadd2pounds09KgofHiSil233
siliconedioxideCoverthemixertoreducedustprob
lemsStartthemixerandrunforapproximatelyfivemin
utesThequantityofHiSil233necessarytoachieveadry
freeflowingmixturewillvarydependingontheparticle
sizedistributionandmoistureonthesand

5ComparetheflowrateoftheAltosandmixturewiththe
untreatedsandAddmoreHiSilifitflowssignificantly
slowerandreducetheamountofHiSilinsubsequent
batchesifthemixtureflowsatthesameorafasterrateand

isexcessivelydusty

INCENTRALCALIFORNIA

CHSchaeferandEFDuprasJr

UniversityofCalifornia
MosquitoControlResearchLaboratory

5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT

WhenAltosandispreparedaccordingtothemanufacturersin
structuionsandstoredincoveredbutuncooledfacilitiesduringthehot
summermonthsalossofactiveingredientwilloccurThislossis
generally10orlessafter2weeks1015by4weeksand20by
6weeksDuringperiodsofveryhightemperatureshottestperiodsof
yearalossrateof5perweekshouldbeexpectedStorageofAlto
sandundertheseconditionshasnoapparenteffectontherateofre
leaseoftheactiveingredientintowater
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Thismethodyieldsaformulationhavingatheoreticalcon
centrationof020activeingredientThestoragecharacter
isticsofthisformulationduringthehotsummermonthsin
theCentralValleyarenotknownandMosquitoAbatement
Districtshavetriedtouseeachbatchwithinafewdaysofthe
dateofpreparationThereforeastudywasmadetodefine1
therateoflossoftheactiveingredientduringoutsidestorage
duringthesummerand2theeffectofstorageontherelease
rate

TwochemicalanalyseswereperformedFirsttodetermine
theconcentrationofactiveingredientofeachlota10gm
Altosandsamplewasplacedina100mlflaskandhexanewas
addedthesolventwasmixedwiththesandandthenanali

quotofthehexanewasanalyzedbygasliquidchromato
graphySecondtodeterminethereleaserateoftheactivein
gredientofeachlot200mgofsandwasplacedinto4Lof
waterandallowedtostandfor4hrTwo600mlsamplesof
thewaterwerethenmeasuredand200mlacetonitrilewas

addedtoeachAftermixing100mlofpetroleumetherwas
addedandtheactiveingredientpartitionedintotheupper
phaseThepetroleumetherphasewasthendriedoverNa2SO4
andconcentratedtoca05mlinarotoevaporatorhexane
wasaddedtoafinalvolumeof5mlforeachsampleThese
werethensubjectedtoanalysesbygasliquidchromatography
Thelatterwasaccomplishedusingaainchdiamand6ft
longPyrexcolumnpackedwith3OV101on100120mesh
ChromosorbWAWDMCSAHewlettPackardModel5750

gaschromatographequippedwithahydrogenflameionization
detectorwasusedThecolumntemperaturewas180thein
jectionport190 andthedetector330CThecarriergaswas
heliumandtheflowratewas60mlmin

RESULTSANDDISCUSSIONTable1showsresultsof

thefirststoragetestDuringthe42dayperiodtherewasno
apparentlossofactiveingredientfromthesandstoredinan
airconditioned266 1C80 2FlaboratoryThelot
storedoutsideshowednolossfor14daysandthenduringthe



next4weeksatotallossof20 Itshouldbenotedthatdur

ingthelatterhalfofJuly1979theambientairtemperatures
inFresnowereattheirhighestfortheyearhighs105111F
4045CThetemperaturesinthestorageshed werefrequent
lyabovethemaximumlevelrecordedbythehygrothermo
graph110F43CThusthemaximumlossof20 occurr

edafter42totaldaysofoutsidestorageandincluded2weeks
ofveryhotweatherInallcasesinsideandoutsidetherewas
noapparentreductionofthereleaserateietheamountof
activeingredientonthesandatanydatethatwasreleasedinto
wateraftera4hrperiod

Asecond42daystoragetrialbeginningonthedaythatthe
firsttestendedissummarizedinTable2Thedataonrelease

Date Daysin Indoorstorage1
1979 storage Concentration

ai

618
625
72
79
716
723
730

Date

1979

730
86
813
820
827
93
910

Table1StoragestabilityofAltosandheldindoorsandoutsidefrom61879until73079 atFresnoCA

0

7

14

21

28

35

42

020

020

020

020

019

020

020

1Underairconditioning
2Uncooledmetalshed

3Basedoncontentofactiveingredient presentoneachdate

Daysin
storage

0

7

14

21

28

35

42

1Underairconditioning
2Uncooledmetalshed

3reductionoforiginalconcentration

020

020

019

018

018

018

018

Releaserate

973

968

939

967

977

982

994

Indoorstorage
loss
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rateobtainedduringthefirsttestwasclearcutandtherefore
itwasnotmeasuredduringthesecondtestForreasonswe
cannotexplaintherewasa10lossofactiveingredientofthe
sandstoredinsideafter3weeksofstoragehoweverthisloss
didnotcontinueduringthenext3weeksIntheoutsideshed
lossofactiveingredientwasalso10atthreeweeksandthis
increasedto20by6weeks

WhenAltosandisstoredincoveredbutuncooledfacilities
underthehotsummertemperaturesofCentralCaliforniathe
lossofactiveingredientisrelativelysmall10orlessduring
thefirst2weeksis1015by4weeksand20by6weeks
Storageundersuchconditionsdoesnotalterthereleaserate

0

5

10

10

10

10

Concentration

ai

020

020

020

019

018

017

016

Table2StoragestabilityofAltosandheldindoorsandoutsidefrom73079until91079atFresnoCA

020

018

018

018

017

016

016

Outsidestorage
Releaserate

3

973

984

900

946

988

991

989

Outdoorstorage
ai loss

10

10

10

15

20

20



ATECHNIQUEFORCONTROLLINGMOSQUITOBREEDINGINUNDERGROUND

STORMDRAINSUSINGMETHOPRENEALTOSIDCALIFORNIASLN780183

INTRODUCTIONTheestimated thousand milesof

undergroundstormdrainsundergrounds throughoutthe
SoutheastMosquitoAbatementDistrictcollectivelyrepresent
acomplexofsystemsthatareimportantseasonalbreedingand
overwinteringhabitsforCulexquinquefasciatusVirtually
everystreetintheDistrictseeminglyisunderminedbyamos
quitoinfestedundergroundAsadifficulttotreatmosquito
sourceundergroundsareapparentlycommontomosturban
andsomeruralmosquitoabatementagenciesHowevercon
trolstrategiesarenotabundantlydocumentedforageneraliz
edortypicalsystem

AtypicalsystemoftheundergroundcomplexatourDis
trictiscomposedof1usuallyseveralopencatchbasinscon
nectedto2coveredlateraldrainsleadingtooneormore3
coveredmainsorrunoffconduitsthatultimatelycarrywater
tofloodcontrolchannelsorriversThestructuralelementsof

thesystemmayvarydimensionallyasmuchwithinasystem
asbetweensystemsThesystemisinfrequentlyfullorbacked
upwithwaterbutdepressionsduetopoorconstruction
partialblockageduetodebrisimproperdrainageandphysical
changesasaconsequenceofearthmovementcancreatetem
poraryorpermanentmosquitobreedingsitesControllingmos
quitoesintherelativelyopencatchbasinsbyconventional
chemicaltechniquesisusuallyeasilyaccomplishedHowever
obviouscontroldifficultiesareencounteredwhenattempting
treatmentoftheinaccessiblesubterraneanportionorcovered
lateralsandmains

HistoricallytheSoutheastMosquitoAbatementDistrict
beganincludingundergourndsinitslarvicidingoperations
whenitbecameapparentthattheywereproducingmosqui
toesAvailableinsecticideswereintroducedataccessibleie
catchbasinsandmanholesDisappointingresultsinmany
systemsledyearslatertoaflushingprogramaregimethat
includedllusingpriorityundergroundswithhydrantwater
every10to14daysfollowedbylarvicidingControlwasgood
toexcellentbutonlytemporaryyetwithadequateman
poweravailableflushingwascontinueduntilrecentlyDue
tothe197778severedroughtandthenegativefinancialim
pactofProposition13theDistrictdiscontinuedflushing
relyingonlyonlarvicidingCurrentlylarvicidingincludesthe
useofGoldenBear1111andbothemulsifiableconcentrate

andgranularformulationsofAbateandDursbanTodayafter
twoyearslarvicidingasbeforeisproducinglessthansatisfac
toryresultsThiscoupledwithrecentlydeterminedincipient
AbateandDursbanresistanceinCxquinquefaseiatusassociat
edwiththeundergroundsgeneratedtheneedtotestuntried
chemicalsortreatmentmethodologiesorbothThereforethe
purposeofthisfieldstudywastotrytofindanewstrategy
oralternativeeffectivechemicalmethodsforcombatingCx
quinqueinhabitingtheundergrounds

JEHazelriggandFWPelsue

SoutheastMosquitoAbatementDistrict
9510SouthGarfieldAvenueSouthGatealifornia90280
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Figure1Aschematicrepresentationoftheunderground
stormdrainsystemusedbytheauthorsThesystemisapprox
imatelyonemilelongandcontains21catchbasinsaccess
through5manholesanundeterminednumberoflateralsand
onemainconduitleadingtoan8to10acrevernalswamp



Incontemplatingthisstudywedismissedthosealternative
strategiesrequiringfrequentperiodictreatmentwhichwould
necessitateacomplementofinspectoroperatorsnowun
affordablebyvirtueofProposition13Adulticidingwascon
sideredimpracticalFollowinganunsatisfactoryattemptat
singAltosidbriquetsseeResultsandDiscussionwedecided
toinvestigatetheefficacyandfeasibilityoftheAltosiddisc
formulationSLN780183In1978weobtainedexcellent
resultsusingthisformulationexperimentallyinafloodcontrol
channelHazelriggandPelsue1979Wepresumeditwould
workaswellandlongerwithinthesunlessconfinesofan
underground

MATERIALSANDMETHODSThestudysitetheNew
HampshireundergroundsystemisshowninFigure1Itisa
noncontinguousundergroundstormdrainsystemapproxi
matelyonemilelongsituatedinahighdensityurbanareaand
typicalofmostoftheDistrictsundergroundsItscomponents
include21catchbasinsanundeterminednumberoflaterals
andasinglemainrunoffconduitserviceablethrough5man
holesWaterflowsfromthesystemtoa8to10acrevernal
swampthatemptiesonlyduringextremefloodingintoanear
byfloodcontrolchannelDataonthedimensionsofthesub
terraneanportionwerenotavailablenordetermined

Thissitewasselectedbecauseitwasbelievedthatthe

undergroundportioncontainedanabundantpopulationof
CxquinquefasciatusThissystemandtwoassociatedbut
separateundergroundswerepurgedasaresultoofa2inchmid
Augustrainin1977Within5daysthepreviouslydryswamp
containedlarvalandpupalcountsofCxquinquefasciatusex
ceeding100perstandarddipsampleevidencingoursuspicion
thatthexquinquefasciatushadbeenflushedfromthe
undergroundandnotrecruitedfromovipositiongadults

Inthesummerof1978weimplementedapassivesticky
trapadultsamplingtechniquetodeterminethekindsandrela
tivenumberofmosquitoeswithinthesystemTwoFly
CatchersribbonsAeroxonProductsIncatequallength
weresuspendedsidebysideapproximatelyonemeterabove
themainatmanholes34and5Figure1Theribbonswere
supportedbyametaldowlcuttofitthelowerinsidediameter
ofamanholeopeningThedowlendsrestedontheinnerlip
ofthemanholecoverretainerpermittingremovalandreplace
mentoftheheavysteelcoverTraffichazardsprecludedusing
manholesites1and2Ribbonsweremonitoredirregularly
butusuallyonceaweekAteachmonitoringtheribbonswere
changedDatawererecordedastotalnumberofadultsmales
andfemalestrappedontheribbonsateachmanholesiteIn
additiontqadultsamplingahighlowtemperaturewasrecord
edoccasionallyatmanholesites3and5usingastandarddaily
highlowrecordingthermometer

PreliminarysamplingbegunJuly251978precededa
treatmentofthecatchbasinsofthissytemwithAltosidbri
quetsattherecommendeddosagerateonAugust171978In
1979thissamesamplingtechniquewasusedtoquantifytreat
menteffectsonCxquinquefasciatusfollowingapplicationof
oneAltosiddiscSLN780183onJuly2

Priortoapplyingthe544gdiscitwasmodifiedforplace
mentAholewasmadeinthecenterofthediscallowingthe
insertionofatwoinchlongainchboltwithasmallholeat
thefreeendFishline25poundtestwasthreadedandtied
offthroughtheholeintheboltThediscwasthensuspended
inthemainatmanhole2manhole1wasnotsafelyaccessible

97

andthensupportedbyametaldowllikethoseusedforsup
portingthestickytrapsThisarrangementofthediscwasdone
topreventitslosswhilepermittingasustainedreleaseof
methoprenetobetransportedthroughthesystem

RESULTSANDDISCUSSIONTheresultsofthisstudy
areshowninFigure2Eachpointonthegraphrepresentsthe
sumofthetrapsmeannumberofadultsbothmaleand
femalecapturedpertrapnightThethreetrapsvariedinthe
numberofadultstheycapturedbutallwereconsistent
throughoutthestudyintheirvariabilityTrap3consistently
capturedmoreadultsthaneithertraps4or5thelattercap
turingtheleastnumberofadultsTheseobservationswerepre
sumedduetotheconcentrationofmosquitobreedingsites
iecatchbasinslateralsandexpandedvaultlikemainasso
ciatedwithmanhole3andtheincreaseddistancesfromtrap3
oftraps4and5manholesencounteredbydispersingadults

ItisdoubtfulthattheAltosidbriquetsusedin1978pro
ducedsignificantcontrolComparedtothe1979Altosiddisc
studythe113briquetsusedmayhavesuppressedCxquin
quefasciatusbutonlytemporarilyBecauseofthelackofany
lagtimebetweentreatmentandadultsuppressionunlikethat
observedinthediscstudyweconsideredtheimmediateand
subsequentdiminutionofthepopulationfollowingbriquet
treatmentanomalousandprobablynottheresultofreleased
methopreneYetassumingthebriquetshadsomeeffectit
wasmarginalandconcludedbylateSeptemberThemid
Septemberpeakrisingfromthedownwardpopulationtrend
waspresumedtheresultofa05inchrainoccurringseveral
daysearlierSeptember5thatincreasedadultflightactivity
inthesubterraneanportionoftheundergroundincreasingthe
chanceofadultscontactingthetrapsTheauthorsdidnoticea
numberofbriquetsinthedrainculvertneartheswampfollow
ingtheSeptember5rainindicatingmovementofthisformu
lationthroughthesystemItispossiblethatafterthisrain
therewereinsufficientbriquetsremaininginthesystemto
sustaincontrolOneofthedrawbacksofthebriquetformula
tionisitssometimeslossordisplacementinmovingwatera
conditioncommontoundergroundstormdrainsIngeneral
the1978dataweretooinconclusivetosubstantiateordeny
somecontrolbythebriquetsandtheexplanationforthe
temporarilyreducedCxquinquefasciatuspopulationremain
edundetermined

Thecontrasting1979studydemonstratedthattheAltosid
discafteralagtimeofapproximately5weeksfollowingits
applicationwascapableofsignificantlyreducingCxquinque
fasciatusandthensustainingcontrolintheNewHampshire
undergroundThelagtimeledustopresumethatenviron
mentalfactorsassociatedwiththissystemwerefavoringadult
mosquitolongevityThesystemiswithoutsignificantpreda
torsandinnatelyanexcellentshelterHumidityispresumably
highasaconsequenceofeverpresentwaterSummerdaily
highlowtemperaturesmeasuredbetweenanidealmaximum
of27Candminimum21CWintertemperaturesalthough
lowerremainedmildmeasuringbetween19Cand12C
Thereforegiventhoseoptimumconditionsestablishedadults
ofCxquinquefasciatusmonitoredfromtheunderground
priortolarvicidingwouldnotappeartodiminishuntiltheir
senescenceanddeathorsomeextendedtimeafterincipient
larvalandpupalmortality



Thediscwaseffectivefornearly3monthstheformula
tionhavingcompletelydissolvedby20Octoberor139days
followingapplicationAdultsweremaintainedatfewerthan6
pertrapnightduringmidSeptemberthroughearlyNovember
comparedto60ormoreadultspertrapnightduringthesame
periodof1978

Figure2showsthatadultCxquinguefasciatusdiminishsig
nificantlyinNovemberduepresumablytoweatherThecap
tureratedroppedtolessthanoneadultpertrapnightanddid
notriseagainuntilMayorearlyJuneThereforeatreatment
programinvolvingdiscplacementshouldideallybegininlate
MayorearlyJuneandnotbeforetheendofheavywinter
springrainsAndwhileitwasnotpossibleinthisstudydiscs
shouldbeplacedtoexposeallundergroundwatertodissolved
methoprenePerhapsthefailureofthisstudytoachieveab
solutecontrolwastheunavoidableplacementofthediscin
manhole2andnotmanhole1leavingaportionofthesystem
containingmosquitoesuntreated
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Throughoutthisstudymanyoftheadultscapturedwere
tencralindicatingdefiniteundergroundbreedingHowever
thedegreeofextentofadultmosquitodispersalmigration
andemigrationinrelationtothesystemthegeneralecology
ofthesystemandthebehaviorandbionomicsofCxgnin
guasciatusinhabitingundergroundsneedsinvestigationThe
authorssuggestthatfurtherstudyisneededintheseareasin
orderthatreliablealternativecontrolstrategiesandspecialized
applicationtechniquesandequipmentforthisimportant
urbansourcecanbedeveloped

HazelriggJEand1WPelsuc1979Anexperimentalsolidfabrica
tionofmethopreneAltosidanditsapplicationinanurbanflood
controlchannelProcCalifMosq VectorControlAssoc4729
31

t 22 2 1522

OCT NOV

RIIIRINISCITED

t 15 22

DEC

Figure2AgraphillustratingthepopulationchangesinCulexquinquefascialusadultsduringsuccessiveyearsoftreatmentus
ingAltosidbriquet1978andAltosiddisc1979formulationsintheundergroundstormdrainsystemshowninFigure1Each
pointonthegraphrepresentsthesumofthetrapsmeannumberofadultsbothmaleandfemalecapturedpertrapnight

indicatestimeofAltosidapplication
indicatesmeasureablerainfall1978only
indicatescompletelydissolveddisc



EVALUATIONOFINSECTGROWTHREGULATORSAGAINSTFLORIDACHIRONOMIDS

EFFECTSONAQUATICNONTARGETINVERTEBRATES

ThreeIGRsdiflubenzuronBaySIR851414trifluoro
inethoxyphenyl32chlorobenzoylureaandStaufferMV
678 2methoxy94isopropylphenyl26dimethylnonane
andJHAStaufferR2045814ethylphenoxy67epoxy3
7dimethyl2octenewerebioassayedagainstfieldcollected
4thinstarsofChironomousdecorusJohannsenandClypto
tendipesparipesEdwards

A25WPanda05GofSIR8514a25WPofdiflu
benzuronandanEC4ofMV678wereevaluatedagainst
naturalpopulationsofCdecorusGoeldichironomusholopra
sinusGoeldiandTanytarsussppinexperimentalponds
TheWPofSIR8514wasalsoappliedformidgecontrolina
sewagepolishingpondwhileMV678EC4wasappliedina
naturalpondPreandposttreatmentmidgelarvalpopulations
adultmidgeemergenceandpopulationsofnontargetinverte
bratesineachtreatedhabitatwereassessed

DiflubenzuronandSIR8514caused90mortalityofC
decorusandGparriesat422ppbinthelaboratorywhile
LC90ofMV678forthe2speciesrangedfrom5069ppb
R20458wastheleastactivewithLC90rangingbetween024
to07ppm

InexperimentalpondsWPandGofSIR8514at56and
112gAIhaaffectedTanytarsussppandGholoprasinus
morethanCdecorusgivinganexcellentoverallcontrolof
thesemidgesforca3wkDiflubenzuronat28and56gAl
hawasslightlymoreeffectivethanSIR8514andfarmore
thanMV678appliedatcomparableratesMV678gaveamax
imumof30controloftotalmidgesat56gAlhaand70
at112gAlhaMV678appliedatrateshigherthan012kg

ArshadAli

UniversityofFlorida
11ASAgriculturalResearchandEducationCenter

PostOfliccIlox909SanfordFlorida32771

ABSTRACT
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AlhamayproducebetterresultsInthesewagepondSIR
8514at70gAIhacompletelysuppressedmidgeemergence
foratleast10daysaftertreatment

TheWPandtheGofSIR8514at56and112gAIhaad
verselyaffectedCyclopssppCollembolaChaoboruslarvae
nymphsofBaetisspnotonectidsandcorixidsandlarvaeof
Coleopteraintheexperimentalpondsbuttheyrecoveredwith
inafewdaystoafewweeksaftertreatment

TheWPofdiflubenzuronandSIR8514at28and56g
AIhareducedCyclopssppintheexperimentalpondsThe
latterIGRaffectedthecopepodmoreseverelyCollembola
ChaoborusspandBactisspweresuppressedbybothIGRs
ColeopteraweremoresensitivetoSIR8514thantodiflu
benzuronTheECofMV678at56and112gAIhaproved
theleastharmfulofthe3IGRstothevariousinvertebratesin
theseponds

InthesewagepondSIR8514WPat70gAIhaadversely
affectedCyclopssppandHyalellaaztecaSaussurebutthey
recoveredafter35wkoftreatmentCypridopsisspand011
gochaetawerenotaffected

TheECofMV678at022kgAIhahadnosignificant
P005adverseeffectsonIiaphanosornabraehvurum
LievenBosminacoregoniBairdCeriodaphniaspIiapto
inussppHydrachnellaeHirudineaandOligochaetainthe
naturalpondThe3IGRsadverselyaffectedsomenontarget
organismsinthehabitatsstudiedbuttheseorganismsrecover
edwithinafewdaysorweeksaftertreatment



DISTRIBUTIONOFARTHROPODPOPULATIONSINRELATIONTOMOSQUITOCONTROL

RECIRCULATIONDITCHESANDNATURALCHANNELSINTHEPETALUMASALTMARSH

OFSANFRANCISCOBAY

Aspartofastudytoevaluatetheimpactofmosquitocon
trolrecirculationditchesontheecologyoftwoSanFrancisco
BaysaltmarshesResitandBalling1979theterrestrialar
thropodfaunahasbeenexaminedintermsofcommunity
structurebiomassandthedistributionpatternsofspecific
populationsThispaperdealswiththeanalysisofpopulation
distributionpatterns

Theadditionofrecirculationditchesphysicallychangesthe
openmarshhabitatHowevertheseditchesappearsimilarto
thesmallernaturalchannelsthatoccurthroughoutthemarsh
Itcouldhehypothesizedthatthesetwofeaturestherecircula
tionditchesandthenaturalchannelsexertsimilarinfluences
upontheterrestrialarthropodfaunaofthemarshandthatthe
additionofrecirculationditchesmerelyresultsinanincrease
inthenumberofnaturalchannelsThereforeastudywasde
signedtodetermine1themajorterrestrialarthropodpopula
tionsofaSanFranciscoBaysaltmarsh2whichofthesepop
ulationsexhibitdistributionpatternsthatindicateadistance
responsepositiveornegativetothenaturalchannelsand3
iftheselatterspeciesexhibitthesameresonsestothepresence
ofditchesastheydotonaturalchannels

MATERIALSANDMETHODSThisstudywasconducted
atthePetalumasaltmarshFigure1locatedalongthePeta
lumaRiver7minorthofwhereitentersnorthernSanFran

ciscoBayThevegetationinthismarshisnearlyamonocul
tureofpickleweedSalirorniavirginicaasucculentvascular
plant

ArthropodsamplesweretakenwithaDvacsuctiondevice
atdistancesof1m3mand10mfroma2yroldditcha
5yroldditchandanaturalchannelFigure1Thus9strata
3sitesX3distancesweresampledoneachdateEachstra
tumwassampledbyplacingtheDvaconthesubstratefor
approximately5secthiswasrepeatedat1mintervals30
timesArthropodswereextracted24husingBerleseTullgren
funnelsandpreservedin70ethanolSampleswerecollected
atapproximatelytwoweekintervalsfromNovember1977
throughNovember1978

TheFauna Occurrenceandabundanceofselectedarthro

podspeciesoveranannualcyclefromthePetalumamarshare
presentedinFigure2Althoughnotintendedasanexhaustive
faunallistthemajorityofthedominantPetalumamarshpop
ulationsparticularlyintermsofbiomassdominancearein
cluded

Herbivores BrinelliesDipteraEphydridaecompriseone
ofthemostecologicallydiversefamiliesofthecyclorrhaphous
Dipterawithlargenumbersofspeciesoccurringworldwidein
avarietyofaquaticandsemiaquatichabitatsOfthe22spec
iesofephydridscollectedasadultsinthisstudyFigure2
SeatellatoIlytheafivewereabundant

MarkABarnbyandVincentHResh

UniversityofCalifornia
DivisionofEntomologyandParasitology

201WellmanHallBerkeleyCalifornia94720

100

SanAntonio
Creek

50m

1k

2yrold
ditch

MARSH

Petaluma
River
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Ofthe8speciesofleafhoppersHomopteraCicadellidae
collectedinthemarshFigure2IdiodonustoAceratagallia
onlyonespeciesStreptanusconfiniswasabundant

Carnivores Spidersareimportantarthropodpredators
insaltmarshesDavisandGray1966FosterandTreherne
1976ThewolfspiderPardosaraniulosaArancidaLycosidae
wasthenumericallydominantspiderinthePetalumamarsh
Figure2

SaprovoresTwoterrestrialcrustaceanswereveryabun
dantFigure2theamphipodOrchestintraskianaandtheiso
podLittorophilosciarichardsonae

DISTRIBUTIONANALYSISArthropodspeciesrepre
sentingdifferenttrophicgroupswerechosenbasedonboth
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Figure2AdultcfSronfinisandPrarnulosainclude
immaturespecimensoccurrenceandabundanceNovember
197778inDvacsamplesfromallhabitatsanddistances
Petalumamarsh

101

theirnumericalabundanceandbiomasstheformerforstatis
ticalconsiderationsandthelatterasreflectiveoftheirroleas

componentsinthefoodchainviainvertebrateandvertebrate
predators

STATISTICALTREATMENTForeachspeciespopula
tioncountsfromasamplewereexpressedasaproportionof
thetotalcountforthatspeciescollectedontintdateThere
forerelativeabundanceforeachsamplingdatewascalculated
forspecificsitesanddistanceseg2and5yroldditchesand
anaturalchannelat13and10mBygivingeachsampling
dateequalweighttheseasonalvariationinthecountswasre
duced

Distanceswerecomparedforeachsiteandsiteswerecom
paredateachdistancebyanalysisofvarianceTheStudent
NewmanKeulsprocedurep 005wasusedforaposteriori
multiplecomparisonstestsTable1AfollowingtheANOVA
tests

RESULTSInTable1arthropodspeciesselectedfordis
tributionanalysisandtheirresponsestothepresenceofrecir
culationditchesandnaturalchannelsarepresentedTwo
pointswereconsideredforeachofthesepopulations

1Isthereadistributionresponseatthenaturalchannel
2ifthereisaresponseatthenaturalchannelisitrepeat

edattherecirculationditches

CONCLUSIONSDistributionpattersofsaltmarsharthro
podshavebeenobservedtocorrespondcloselywithdistance
fromnaturalchannelsmarshpondsorotherwaterbodies
egHulletal1934Williams1938Evansetal1971Garcia
andSchlinger1972FosterandTreherne1975Therefore

Table1Responsesofselectedarthropodpopulations
fromPetalumamarshtothepresenceofanaturalchanneland
2yrand5yroldrecirculationditchesColumnAIsadistri
butionpatternevidentatthenaturalchannelColumnBIs
thereasimilarpatternatthe2yrditchandColumnCthe
5yrditchAYesrepresentsanANOVAp005NA Not

available

Population

Sstagnalis
Nsetosa

Seatophilasp
Proquilletti
Alitoralis

Sronfinis
0traskiana

Lriehardsonae

Prarnulosa

immatures
adults
total

A B C

naturalchannel 2yrditch5yrditch

Yesp 005
Yesp001
No

Yesp003
Yesp 004
Yesp001
No

Yesp 002

Yesp 001
Yesp001
Yesp001

yes yes

no no

no no

no no

yes yes

yes yes

no NA

no NA

yes NA

yes NA

yes yes



asamplingprogramdesignedtoevaluatewhetherapopulation
responsetorecirculationditchesisthesameasitisfornatural
channelshasanappropriatebiologicalfoundation

Itisclearthatsomeoftheterrestrialarthropodpopulations
examinedinthePetalumasaltmarshdemonstratesignificant
distributionpatternswhenexaminedwithrespecttothreedis
tancesfromanaturalchannelfiveofsixherbivoresoneof
twosaprovoresandasinglecarnivoreOfthesecertainones
exhibitedsimilardistributionpatternsatditchesSstagnalis

litoralisPramulosaandSconfiniswhereasothersdid
notNsctusaPcnquilleitiandLricltardsonaeThusfor
somepopulationstheadditionofditchesisnotdifferentfrom
anincreaseinthenumberofnaturalchannelsHoweverfor
otherseithertheditchesorsomefactorsassociatedwith
themdonotsimulatenaturalchannelsintheireffectonpop
ulationdistributionpatternsThisinformationcoupledwith
resultsfromcommunityandbiomassanalysesshouldyielda
clearerunderstandingoftheeffectsofmosquitocontrolre
circulationditchesontheterrestrialarthropodfaunaofSan
FranciscoBaysaltmarshes
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THEEFFECTSOFIRRIGATIONWATERSOURCEANDCROPROTATIONONTHE

ABUNDANCEOFCULEXTARS111SINCALIFORNIARICEFIELDS

INTRODUCTIONThemosquitoCulextarsalisiswidely
distributedthroughoutmostoftheUnitedStatesalthoughit
isuncommonorrareeastoftheMississippiBohartand
Washino1978OvermuchofthewesternUSitisanimpor
tantvectorofWEEandSLEvirusesparticularlyintheagri
culturalvalleysofCaliforniawhereithasalsobeenimplicated
inthetransmissionofCETurlockandHartParkviruses
Emmonsetal1979

OneofthemajorbreedinghabitatsofCxtarsalisinCali
forniaisthemorethanhalfamillionacresoffloodedrice

fieldsandassociatedirrigationandseepageditchesMarkos
1951MarkosandSherman1957ThedensityofCxtarsalis
larvaevariesconsiderablyamongricefieldswitharelatively
smallproportionoffieldsbeingresponsibleformostofthe
mosquitoproductionCaseandWashino1979Becauseofthe
vastamountofacreageunderricecultivationcontroloflarval
mosquitoesinthishabitatisfeasibleonlyifthehighlyproduc
tivefieldscanbeeasilyidentified

Previousworksuggeststhatfieldsnewlyreturnedtorice
cultureafteraperiodinanalternatecroptendtohavehigher
densitiesofCxtarsalislarvaethanfieldscultihatedfortwoor

moreconsecutiveyearsinriceCollinsandWashino1979In
thissamestudythemeanseasonalCxtarsalissamplingden
sitiesweresignificantlycorrelatedwiththemeanspecificcon
ductanceofthericefieldwaterr 0415p0001To
assessthevalueoftheabovetwovariablesaspredictorsof
Cxtarsalisproductionbyricefieldsthefollowingstudywas
undertaken

MATERIALSANDMETHODSFromJunethroughSep
temberof1979acentralcheckineachofthirtynorthSacra
mentosouthSutterCountyricefieldswassampledontwelve
occasionsforpreimaginalstagesofCxtarsaiisOneachsam
plingdatetwotransectsamplesof25dipseachingroupsof
5atintervalsofthreemetersandthirtysecondsweretaken
paralleltothelevyatdistancesofonemeterandtenmeters
intothecheckThetwoindividualswhoperformedthedip
pingfollowedthisprocedurewhichwasstandardizedfor
methodandtimingThetwotransectsamplesweretakensim
ultaneouslyandtheindividualsalternatedtheirlocations
everysamplingperiodtominimizetheeffectofbiasEggrafts
weresampledonceeveryfourweeksfourtimesduringthe
seasonbyavisualsearchofthewatersurfacedemarkedbya
onesquaremeterframeTwosuchareasoneadjacenttothe
levyandonetenmetersintothecheckweresearchedoneach
samplingdateSpecificconductanceofthericefieldwaterat
eachsamplingstationwasdeterminedconcurrentlywiththe
eggraftsampling

Toassessthesurvivalanddevelopmentratesofpreimaginal
Cxtarsalisineachfieldcohortsof25firstinstarlaboratory
strainCxtarsaliswereplacedintwoliterfieldsentinelcages
andmonitoredduringthesucceedingelevendaysforsurvival

FHCollinsandRKWashino

UniversityofCalifornia
DepartmentofEntomologyDavisCalifornia95616
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rateanddevelopmentalstageSevensuchcohortsoneevery
twoweekswerefollowedthroughouttheseasonateach
stationThesentinelcageswereconstructedofplasticbuck
etsthetopbottomandsidepanelsofwhichwerereplaced
withaTektomonofilamentnylonscreenwithameshopen
ing53micronssmallenoughtoexcludeallmosquitopreda
torsThecageswereplacedtwometersintothecheck

Thericefieldsinthestudyhadthefollowingdistribution
ofagesnumberofconsecutiveyearsunderricecultivation

AgeofField
firstyear
2years
3years
4years
5years
6years

NumberofFields

6

6

6

3

3

6

Fourofthefieldswereirrigatedwithwaterfromdeepwells
Theremainingtwentysixfieldswereirrigatedwithsurface
watereitherfromtheCampFarWestirrigationsystemorthe
SacramentoRiver

RESULTSANDDISCUSSIONAnexaminationofthefre

quencydistributionofthetotalnumberofpreimaginalCx
tarsalissampledperfieldclearlyrevealsabimodalpatternof
mosquitodensityamongthethirtyfieldsexaminedFigure1
Theninemostproductivefieldsaccountedformorethan90
ofthemosquitoessampledduringtheseasonIneightofthe
stationspreimaginalCxtarsaliswereneverpresentinthesam
plesTheseasonaltrendofmosquitodensityasreflectedby
thetotalnumberofmosquitoescapturedineachofthetwo
transectsamplesoneachsamplingdateFigure2suggeststhat
theinteriorofthefieldsupportsheavyCxtarsalispopulations
onlyduringtheearlypartoftheseasonThemarkeddecline
inthemeansizeoftheinteriorsamplesafterthe25Junesam
plingperiodmaybeaconsequenceofeitheradecreaseinthe
abundanceofplanktonwhichresultsasthedevelopingrice
standblocksthepentrationofsunlightortheinabilityofovi
positionfemalestopenetratethedensevegetationTheedge
ofthefieldwherericegrowthisinhibitedbythedeepborrow
pitadjacenttothelevysupportsCxtarsalispopulations
throughouttheseasonwithnopronouncedseasonaltrend
Figure2Althoughnotenougheggraftswerefoundtoreveal
anyseasonalovipositionpatternonlyoneofthetotalof
thirtyeggraftscollectedwasfromaninteriorsampleanob
servationwhichsuggeststhatfemalestendtoovipositinthe
firstsuitablesitetheyfindontheirencounterwitharicefield
Sincethericestandneartheperipheryofacheckisquite
sparceduringtheearlypartofthegrowingseasonthusper
mittingunimpededflowoftheirrigationwaterinteriorsites
maybemoresuitableatthistimeSuchaninterpretationis
consistentwiththetendencyofedgesamplelarvaldensities
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FigureI FrequencydistributionoftotalnumberofpreimaginalCulextarsalissampledin30ricefields12samplesfield50
dipssampleRicefieldstudySacramentoSutterCountiesCalifornia1979

tobeattheirlowestduringtheperiodwheninteriorsamples
arehighestFigure2

ThespatialdistributionofpreimaginalCxtarsalisisnot
randomoveraricefieldPreviousworkhasshownthatnot

onlydoesthedensityvaryconsiderablyamongthedifferent
checksofagivenfieldCollinsandWashino1979butitalso
variesmarkedlywithinagivencheckLarvalpopulationsseem
tooccurindiscontinuouspocketsprobablyasaresultof
severalfactorsincludingthecontagionoflarvaeemerging
fromoneeggraftandtheobservedtendencyforraftstobe
depositedinclusterspossiblyaconsequenceofovipositional
preferenceforcertainmicrohabitatsTherearealsoverypro
nouncedtemporaldiscontinuitiesInoursampleslarvaewere
rarelyabundantinagivenlocationformorethanthreeweeks
theytypicallywouldappearsuddenlyasabloomofearlyin
starswhichwerereplacedoverthesucceedingweekswithde
creasingdensitiesoflaterinstars

Asaresultofthesediscontinuitiesmostdipsampleswere
negativebutmorethan10ofthepositivesamplesyielded
20ormoremosquitoesSincethetotalnumberofpreimaginal
Cxtarsalissampledinagivenfieldisextremelysensitiveto
theeffectoftheseoccasionallargesampleswehaveincluded
inadditiontothetotalnumberofpreimaginalCxtarsalis
sampledfromeachfieldameasureofCxtarsalisabundance
basedontheranksofthesamplesSpecificallywerankedall
thesamplestakeninthethirtyfieldsovertheseasonandthen
calculatedthemeansamplerankforeachfieldThefieldswere
thenrankedfromleasttomostproductiveonthebasisofthis
measureTable1Sincethismethodsacrificesdegreeofdif
ferenceinformationforanimprovedestimateoftheorderof
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20 25

mosquitoproductivitybythethirtyfieldsbothestimatesare
retainedforanalysisandusedwhereappropriate

AlsoincludedinTable1arethefollowingmeasuresfor
eachfieldithemeanofthefourmeasuresofspecificcon
ductancemicromhoscmcorrectedto23Candiitwoindi
catorvariableswhichdistinguishrespectivelywellwaterir
rigatedfieldsfromsurfacewaterirrigatedfieldsandfieldsin
theirfirstyearunderricecultivationfromfieldswhichhave
beeninricefortwoormoreconsecutiveyearsThespecific
conductanceofirrigationwaterisdeterminedlargelybythe
sourcewaterfromdeepwellsinthestudyareatypically
rangesbetween450750micromhoscmwhiletheconductance
ofsurfacewaterrarelyexceeds350micromhoscmalthough
evaporationandtoalesserextentsoiltypeareprobablyim
portantaswell

Thepairwiseassociationsamongthevariableslistedin
TableIweredeterminedbycalculationofSpearmansrank
correlationcoefficientsTable2Thesignificantcorrelation
betweentherankbasedmeasureofCxtarsalisabundanceand

meanspecificconductancesupportsthevalidityofthisobser
vationinourpreviousstudyCollinsandWashino1979Also
notableisthesignificantcorrelationbetweentheCxtarsalis
abundancevariableandeggrafttotalsaresultwhichsuggests
thatovipositionalpreferenceasopposedtolarvalsurvivalor
developmentratesmaybetheprincipaldeterminantofmos
quitoabundanceinagivenricefield

Itisalsoimportanttoobservethatwhilethecorrelationbe
tweeneggrafttotalsandmeanspecificconductanceisnotsig
nificanthigheggraftcountsaresignificantlyassociatedwith
wellwaterfieldsInfactwhenthesamecorrelationcoeffic
ientsarecalculatedforsurfacewaterirrigatedfieldsonly
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Table3theCxtarsalisabundanceisnolongersignificantly
correlatedwitheithermeanspecificconductanceoreggraft
totalsThisstronglyimpliesthatthehighconductivitywell
waterirrigatedfieldsaccountforthesignificantoverallcorrela
tionsofCxtarsaliseggraftandpreimaginalstageabundances
withspecificconductancemeasures

Theactualcauseofthisphenomenonisuncertainbutany
ofseveralfactorsmaycontributeOvipositingfemalesmay
preferhighconductivitywellwaterfieldsoversurfacewater
irrigatedfieldsapossibilitysupportedbyapreliminaryovi
positionalpreferencestudywithalaboratorystrainofCx
tarsalismosquitopredatorsorcompetitorsmaybelessabun
dantinwellwaterfieldsalthoughthiswouldnotexplainthe
highereggraftcountsorwellwaterfieldsmayhavecharac
teristicsienutritionalphysiochemicalthatcontributeto
higherratesofautogenyamongemergingadultswhichun
constrainedbytherequirementofseekingabloodmealmay
ovipositinthesamesitewheretheydeveloped

528 611 625 79 723 86
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105

O EDGE25 DIPSAMPLE

INTERIOR25 DIPSAMPLE

O

O

O

1411141444111481
4446

00010110

820

0

oo

93

Figure2SeasonalabundanceofpreimaginalCulextarsalissampledin30ricefieldsRicefieldstudySacramentoSutter
CountiesCalifornia1979

Analysisofthesurvivalanddevelopmentratesofthesen
tinelcohortsrevealsasignificantlymorerapidrateofsentinel
developmentinfieldswithhigherlevelsofspecificconduct
anceTable4Thereishowevernosignificantrelationship
betweenspecificconductanceandoverallsentinelsurvival
rates

HighlevelsofCxtarsalisabundancearealsosignificantly
associatedwithfirstyearfieldsbuthigheggraftcountsare
notTable2Thiscorrelationremainssignificanteventwhen
wellwaterirrigatedfieldsareremovedfromconsideration
Table3inspiteofthefactthatthefieldwiththehighest
Cxtarsalisdensityfield17awellwaterfirstyearfieldsee
Table1isnotincludedinthereduceddatasetTherelatively
highCxtarsalisdensitiesfoundinfirstyearfieldsarepro
bablyaconsequenceofverylowlevelsofmosquitopredation
byaMesostomaspeciesofmicroturbellarianwhichisgenerally
quiteabundantinfieldsthathavebeenunderricecultivation
fortwoormoreconsecutiveyearsCollinsandWashino1978
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283

1650

1900

2100

2250

2420

3325

2000

2275

2300

2475

950

1925

1975

2650

2175

2300

3350

2075

2125

2800

3350

2350

4975

1875

4850

2700

3175

2550

4750

7050

0

0

0

0

0

0
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0
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0
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1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Table1MeasuresofinfieldabundanceofpreimaginalCulextarsalisandassociatedvariablesatselectedstationsin30rice
fieldsRicefieldstudySacramentoSutterCountiesCalifornia1979

Field

Number

EstimatesofCxtarsalis

productivitylowestto
highest

Sample
rank

estimate

Table2MeasuresofcorrelationamonglevelsofinfieldCulextarsalisabundanceandassociatedvariableslistedinTable1
SpearmanscorrelationcoefficientsN 30RicefieldstudySacramentoSutterCountiesCalifornia1979

Meanrankof50

dipCxtarsalissamples
TotalCxtarsalis

eggraftssampled

Meanspecific
conductance

569

421

Total

mosquitoes
sampled

1p 005significantatanoveralla 005

2p 025notsignificantatanoveralla 005

Meanspecific
conductance

micromhoscm
a23C

Wellwater

irrigatedfields

515

607

106

TotalCx

tarsalis

eggrafts
sampled

1styear
fields

491

045

Wellwater

irrigated
fields

Indicatorvariables

TotalCxtarsalis

eggraftssampled

546

first

year

fields



Table3Measuresofcorrelationamonglevelsofinfield
Culextarsalisabundanceandassociatedvariableslistedin

Table1wellwaterirrigatedfieldsremovedSpearmanscor
relationcoefficientsN26RicefieldstudySacramento
SutterCountiesCalifornia1979

Meanspecific 1styear TotalCxtarsalis
conductance fields eggraftssampled

Meanrankof50

dipCxtarsalis 386 542 300

samples

TotalCtarsalis

eggraftssampled 090 025

1p005significantatanoveralla005
2p05notsignificantatanoveralla005

Table4Measuresofinfieldsurvivalanddevelopmentratesofcohortsof25firstinstarCulextarsalissentinalsmonitoredfor
11daysN 196RicefieldstudySacramentoSutterCountiesCalifornia1979

Mean 1779

SD 591

Pearsonscorrelation 0025

coefficientwithspecific
conductance

1p 0001significantatoveralla 005

2p 0026notsignificantatoveralla 005

Wellwaterfield

Surfacewaterfields
Total

Totalsurvivors Sentinalsreaching Sentinelsreaching Sentinelsreaching Sentinelsreaching
atday11 Adult pupalstage fourthinstar thirdinstar

1styearfield Olderfield Total

04331
01155
0548

1Nnumberoffieldsineachcategory

209

374

0276

Table5Proportionofthetotalnumberofpreimaginal
Culextarsalisin30ricefieldsclassifiedbyirrigationwater
sourcewellvssurfaceandricefieldagefirstyearfieldsvs
olderfieldsRicefieldstudySacramentoSutterCounties
California1979

02903 0723

016221 0277

0452 1000

1979InfirstyearfieldsMesostomapopulationsareusually
verylowprobablyduetotheslowrateatwhichthisflatworm
recolonizesfieldsthathavebeenreturnedtoriceafteroneor

moreseasonsinanalternatecropFlatwormsoverwinterby
meansofheavilyencapsulatedeggswhichapparentlyarelarge
lydestroyedbydessicationinfieldswhicharenotflooded
duringthesummer

Onthebasisofirrigationwatersourcedeepwellversus
surfaceandthestatusofaricefieldinthecycleofcroprota
tionfirstyearinriceversustwoormoreconsecutiveyearsin
ricethethirtyfieldsinthisstudycanbegroupedintofour
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categoriesThefourwellwaterirrigatedfieldsaccountfor
723ofallpreimaginalCxtarsalissampledduringthesea
sonthesixfirstyearfieldsaccountfor548 andtheone

firstyearwellwaterfieldisresponsiblefor433ofthetotal
Thustheninefieldsidentifiedbythesetwocharacteristicsare
responsiblefor838ofthetotalCxtarsalisproductionas
comparedwithonly162fromtheremaining21surface
waterolderfieldsTable5

AcomparisonoftherelativeCxtarsalisproductivityof
eachofthefourcategoriesoffieldsTable6clearlyindicates
that1fieldsnewlyreturnedtoriceafteragrowingseasonin
analternatecropyieldCxtarsalisdensitiesthreetofourtimes
greaterthanfieldsplantedinricefortwoormoreconsecutive
yearsiiCxtarsalisdensitiesaretentofifteentimesasgreat
infieldsirrigatedwithwellwaterasinthoseirrigatedwith
surfacewaterTheeffectsciftheabovetwofactorswhencorn

514

609

0236

1819

597

0157
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1992
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binedseemtobemultiplicativeafirstyearfieldirrigatedwith
wellwaterproducingroughlyfiftytimesasmanymosquitoes
asanoldersurfacewaterirrigatedricefield

Whilewedonotproposethatourmeasurementsofthe
magnitudeoftheseeffectsareapplicableingeneralweare
fairlycertainoftheiroverallimplicationInparticularwebe
lievethatallocationofcontrolresourcessuchasGambusia

affinisorlarvicidesonthebasisofthesetworeadilyidentifi
ablecharacteristicscanproduceeffectiveandrelativelyeffic
ientcontrolofCxtarsalisinnorthernCaliforniaricefields
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Markos13G1951Distributionandcontrolofmosquitoesinrice
fieldsinStanislausCountyCalifornia NatMalariaSoc103
233247

Table6DensityofpreimaginalCulextarsalisin30ricefieldsclassifiedbyirrigationwater sourcewellvssurfaceandrice
fieldagefirstyearfieldvsolderfieldsRicefieldstudySacramentoSutterCountiesCalifornia1979

Fieldtype

Wellwaterfirstyear
Wellwaterolder
Surfacewaterfirstyear
Surfacewaterolder

Averagemean
density1

2358

528

125

042

Standard

error

196

040

015

Estimationofthepopulationsizeofananimalinitshabitat
isthemostfundamentalstepinpopulationecologyEspecially
formosquitocontrolagenciesitisoneoftheimportantfac
torsformakingdecisionssuchaschemicalapplicationsand
applicationtime

Itistimeconsumingworkbutitispossibletoderiveesti
matesofabsolutepopulationsizesofmosquitoesbysampling
Inthepresentstudy1haveexaminedtheefficiencyofthere
movalsamplingmethodZippin1956Wada1962a1962b
Southwood1966Service1976toestimateabsolutepopula
tionsofmosquitoesbreedinginsmallpondscatchbasinstree
holesandcemeteryflowervases

DescriptionoftheRemovalSamplingMethodTheremov
alofaknownnumberoflarvaeoneachdipfromabreeding
siteaffectsthenumberoflarvaewhichwillbecapturedin
eachsubsequentdipTherateofdeclineisrelatedtotheorigi
nalpopulationsizeunknownandtothenumberoflarvae re

movedfromthesiteknown
TheassumptionsunderlyingthemethodarethatAthe

populationmustbestableienobirthordeathduringthe
samplingperiodBthereisanequalchanceforeachanimal

ABSTRACT
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Markos13GandF1Sherman1957Additionalstudiesonthedistri
butionofmosquitoandpupaewithinaricefieldMosqNews17
4043

Numberof

fields

1

3

5

21

PopulationsizesofimmaturestagesofCulexquinquefasciatusSay
populationsbreedinginthe1mpondcatchbasintreeholeandceme
teryflowervasewereestimatedbyusingtheremovalmethod

Relative

density

56

13

3

lAverageovernumberoffieldsincategoryofseasonal meansamplesizeforeachfieldseasonalmeansamplesizebasedon12
samplesof50standarddipssample
2A11relativedensitiesbased uponaveragemeandensityofsurfacewaterolderfields

ESTIMATIONOFMOSQUITOPOPULATIONSIZEINCONFINEDNATURALBREEDINGSITES

TakeshiMiura

UniversityofCalifornia
MosquitoControlResearchLaboratory

5544AirTerminalDriveFresnoCalifornia93727

tobecaughtandCthisprobabilityofcaptureremainscon
stantduringthesamplingperiodZippin1956Wada1962a
b

MATERIALSANDMETHODSNaturallyoccurringCulex
quinquefasciatusSaypopulationsina1mpondlocatedin
thebackyardofthelaboratorySchaeferetal1974andina
catchbasin54cmdiamintheCityofKermanwerestudied
bydippingusingadipper450m1capacitywithalonghan
dleMosquitolarvaefromeachdipwerecarefullypouredinto
alarvalconcentratorHusbands1969andeachcollectionwas
keptseparatelyinavialcontaining85alcoholCollections
werethenbroughtbacktothelaboratoryforidentification
andcounting

Inordertoanalyzethedatabytheregressionmethod
severaldippercollectionswerecombinedanddesignatedas
unitofcatchsuperunitofWada1962aforthepond
study5consecutivedipswerecombinedandforthecatch
basinstudy15dipswerecombinedtomakeaunitEachunit
ofcatchwasplottedagainsttheprevioustotalcatchThe re

gressionlinesweredrawnbyeye



Table1Dippercollectiondatafromthe1mpondshowingtherelationshipbetweendipandunitcollections
Dipno

1

2

3

4

5

8

9

10

11

12

13

14

15

1

2

mean

123

52

54

40

32

6 35

7 38

28

22

57

34

34

18

27

18

16 21

17 18

18 17

SampleNo I

Nolarvaedip Nolarvaeunit

121

196

5113

63

76

2242

301

180

131

Larvae

40

58

1581

Populationsizescalculatedbytheregressionmethodwere
alsocrossexaminedbytheestimationsobtainedbyagraphical
methodZippin1956Southwood1966

Cxquinquefasciatuspopulationsbreedinginfabricated
treeholes4litercapacityLewisandTucker1978andceme
teryflowervases1litercapacitywerealsocalculatedbythe
removalmethodThistimelarvaewerecollectedbyamedi
cinedropperandnumberoflarvaecollectedwererecorded
eachminutea3minutecatchwasdesignatedasaunitof
catch

Populationsizescalculatedbytheregressionmethodand
graphicalmethodwerereexaminedbycomparisontotheabso
lutenumberofthetruepopulationcounts

RESULTSANDDISCUSSIONThirtyfivedipcollections
weremadefromthe1mpondremoving842mosquitoes
Table1Theywerethengroupedinto7unitstoshowagrad
ualdeclineinnumberscaughtineachunit

Inordertoestimatethepopulationsizethedatawereplot
tedandthepopulationsizewascalculatedas1030larvae
Figure1AOnthesamedaytheremainingpopulationinthe
pondwasreestimatedtodoublechecktheinitialpopulation
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Dipno

19 8

Table2StagecompositionofCxquinquefasciatusbreedingincatchbasinsKermanCA

Nolarvaedip Nolarvaeunit

20 18 82

21

22

23

8

16

19

24 9

25 13 65

26

27

28

6

11

13

29 8

30 5 43

31

32

33

3

6

10

34 12

35 0 40

IV

21

34

887

Pupae Total

4

7

177

249

371

100

estimationtheremainingpopulationsizewasestimatedas385
Figure1BThereforeifthese2numbers842initiallyre
movedand385remainingpopulationsizeareaddedtogether
thisalsoestimatesthepopulationsizeinthepondBythisway
thepopulationsizewas1227Finallythispopulationwasesti
matedbyusingthegraphicalmethodZippin1956as925
These3estimations10301227and925arecloseenoughto
satisfythereliabilityoftheremovalmethodtoestimatepop
ulationsize

Figure2showstheestimationofthepopulationsizebreed
inginthecatchbasininthecityofKermanBytheregression
methoditwascalculatedas19800mosquitoesandbythe
graphicalmethod19525

Itwassurprisingtofindsomanymosquitolarvaeinsucha
smallareaThisdoesnotmeanthatallmosquitoespresentin
thecatchbasinwouldemergeasadultsMortalityratemustbe
highespeciallyamongyounginstars2samplesweretaken
randomlyfromthealcoholpreservedcollectionandstagecom
positionofthepopulationwasexaminedTable2Morethan
faofthemosquitoescollectedwere1stinstarlarvaeandLess
than2ofthemosquitoeswerepupae
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Figure1Estimationoflarvalpopulationina1mpond
bytheremovalmethodShowingestimatedsizesbytheregres
sionandgraphicalmethods
AFirstestimationoftheinitialpopulationsize
BSecondestimationoftheremainingpopulationsize
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Figure3showstheestimationofCxquinquefasciatus
breedinginafabricatedtreeholeonthegroundThepopula
tionsizewasestimatedas775bytheregressionmethodand
720bythegraphicalmethodAttheendofthestudytheen
tirepopulationwascountedas756

Figure4showstheestimationofCxquinquefaseiatus
breedinginthecemeteryflowervaseBytheregressionmeth
oditwas405bythegraphicalmethod436andabsolutepop
ulationwas355

Insummarytheseresultsshowthattheremovalmethod
forestimatingmosquitopopulationsizeinhabitatissatisfac
toryThedatacollectedfortheremovalmethodcanbeanal
yzedeitherbytheregressionmethodorbyagraphical
method
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Figure3Estimationoflarvalpopulationinafabricatedtreeholebytheremovalmethodshowingtheabsolutepopulation
sizeandestimatedsizesbytheregressionandgraphicalmethods



ConsiderableattentionhasbeendirectedtotheMariana

Islandsinmoderntimesbecauseoftheirrelativegeographic
isolationandlocalizedfaunatheirstrategicimportanceto
boththeJapaneseandAmericanmilitaryplannersduring
WorldWarIIandtheiruseasastopoverpointbybothaerial
andsurfacecraftintransPacifictravelThisisastudyofthe
culicidfaunaofGuamRotaSaipanandTinianthe4islands
comprisingthesouthernmostendoftheMarianaschain
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Figure4Estimationoflarvalpopulationinacemeteryflowervaseshowingtheabsolutepopulationsizeandestimatedsizes
bytheregressionandgraphicalmethods

COMPARATIVEMOSQUITOCOLLECTIONDATAFROM

THESOUTHERNMARIANAISLANDSDIPTERACULICIDAE

WesleyRNowell

ConsultantinMedicalEntomology
357ReindollarAvenueMarinaCalifornia93933

ABSTRACT

Thedistributionofmosquitospeciesonthefoursouthernmostis
landsintheMarianaArchipelagoisreviewedTheinitialcollectiondata
foreachspeciesoneachislandareincludedandattentionisdirected
totheintroductionofnewspeciesandinterislanddistributions
Emphasisisplacedonthenecessityforeffectiveairandsurfacecraft
quarantineprogramstostopboththeincreaseinintroductionsanddis
seminationofthespeciesthroughouttheMarianaIslands
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ABSOLUTE 355

GRAPHIC 436
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TheearliestAmericanreferencestomosquitoesofthe
Marianaswerewrittenatthebeginningofthecenturybythe
seniormedicalofficersassignedtotheUSNavalStation
GuamandincludedintheirannualreportstotheSurgeon
GeneraloftheUSNavyTheinitialentomologicalsurveysof
GuamandSaipanwereachievedin1911withsubsequent
studiesbeingaccomplishedonGuamin1936andSaipanin
1932and1939TheinvasionsbyAmericanmilitaryforceson



SaipanTinianandGuamduringWorldWarIIreemphasized
therequirementforinformationonthemosquitoesand
mosquitobornediseasepotentialonthoseislandsAsaresult
reportsofsurveyscollectionrecordsbionomicnotesand
vectordatawereaccumulatedforeachofthefoursouthern
mostislandsstartingin1944

TheislandofGuamreceivedthemostattentionbecauseit
hadbeenaUSterritorysince1898andhistoricallyprovided
theprimaryportsofentrytotheMarianaIslandsThepre
senceofmilitarypersonnelonAndersenAirForceBaseand
theUSNavyfacilitiesatApraHarboralongwiththeincreas
ingtouristbusinessontheislandcontinuedtofocusattention
onthemosquitoesandtheirdiseasepotential

TherecordshowsthemosquitofaunaofGuamhasincreas
edthroughintroductionsfromotherIndoPacificareasEach
surveyshowedanincreaseinthenumberofspeciesandnoted
thepresenceofvectorspeciesNowell1977Itissuspected
thatdistributionamongGuamRotaSaipanandTinianis
associatedwithinterislandtransportofcargoandpassengers

Thispaperbringstogetherthekeymosquitocollectiondata
foreachofthe4islandssothattheymaybecomparedby
speciesandsequenceofrecoveryThisbibliographicreview
indicatesthatonlythefaunaofGuamhasbeencollectedand
documentedindetailthatthemosquitofaunaoftheMariana
IslandsisincreasinginnumberofspeciesthroughinterPacific
introductionsthatthereisinterislanddistributionofthe
speciesthroughoutthesouthern4islandsandthatthemos
quitofaunaofthearchipelagowiththeexceptionofGuamis
notcompletelyknown

ThereareearlyreferencestoStegomyiafasciatusFabricius
AedesaegyptiLinnaeusbyIeys1905McCullough

1908andBagg1927onGuambutthefirstentomologic
surveyonthatislandwasmadebyDTFullawayin1911
Fullaway1912recorded2speciesofmosquitoesStegomyia
scutellarisandaCulexspeciesnearvishnuiHisStegomyia
scutellariswaslaterdeterminedtohavebeenAeguamensis
inpartbyFarnerandBohart1944andAepandaniin
partbyStone1939whileSwezey1942wasoftheopin
ionthathisCulexspnearvishnuiwasCulexpipiensquin
quefasciatusAlaterstudyofFullawaysspecimensrevealed
onefemaleAevexansvexansBohart1957In1937OH
SwezeyreportedthatCxquinquefasciatusandanAedessp
occurredonGuamandin1939AStonedescribedAe
oakleyiandAepandanifromthatislandAnotherearlyrefer
encewasthatofPSchnee1912whopointedoutthatonly
mosquitoesofthegeneraCulexandStegomyiaweretobe
foundonSaipanSSogen1941placesAealbopictuson
Saipanin1934andthisspecieswascollectedbyUSmilitary
entomologistsonGuamSaipanandTinianduringthesurveys
of1944and1945Onthebasisoftheserecordsthemosquito
faunaofthesouthernMarianasuptothestartofWorldWar
IIcomprised7speciesAeaegyptiAealbopictusAeguam
ensisAeoakleyiAepandaniAevexansvexansandCx
pipiensquinquefasciatusThenumberofknownspecies
doubledto13duringtheWorldWarIIyearsandthenincreas
edsteadilywitheachsucceedingsurvey

Thedocumentedcollectiondataforall41speciesknownto
datearesummarizedinTable1andthefirstrecordedyearof
collectionforboththeadultandlarvalformsisgivenforeach
island
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SpeciesdistributiononSaipanTinianandRotashowsa
similarityinnumberbutthesamespeciesdonotoccuron
eachoftheislandsThedistributionpatternsindicatesimilar
itiesbetweenthefaunasofGuamandRotaandofSaipanand
TinianHowever7ofthe9specieswhichoccuronRotaare
alsosharedbySaipanandTinian

Table1shows41speciescollectedonGuam9onRota12
onSaipanand13fromtheislandofTinianAsfordistribu
tionnoneofthespeciesrecoveredfromtheotherislandsis
differentfromthosereportedfromGuamFurthermorethe
collectiondatesreflectinterislanddispersalofthespeciesfrom
Guam

ThatGuamshouldbethesourcefortheotherislandsis
understandableGuamhasprovidedthemajorairandsurface
vesselportsintheMarianasforinterPacifictransportdepart
ingManilaTokyoHonoluluandSanFranciscoGuamisalso
theterminalforintraMarianastravelThedispersalofthe
speciesfromGuamtotheotherislandsshouldhavebeenex
pectedsincetherehavebeenrepetitiveinterislandsailingsand
flightsfromGuamoverasustainedperiodoftimeandwithout
theprotectionofaquarantineorinspectionprogram

ThecollectiondatainTable1showthatthemosquito
faunainthesouthernMarianasappearedduring3increments
priortoWorldWarI1duringWorldWarIIandsubsequentto
WorldWarIIDispersalofthespeciesamongtheislandsof
GuamRotaSaipanandTinianoccurredprimarilyduringthe
WWIIandpostWWIIperiodsThepairingbetweenthespecies
listsforGuamandRotashow5WWIIand4postWWIIdates
whiletheSaipanrelationshipsare8duringWWIIand3post
WWIIpairswithTinianand1preWWII7WWIIand4post
WWIIpairingswithGtam

Sevenofthe41speciesareindigenoustotheMarianas
Theseare AeguamensisAeneopandaniAeoakleyiAe
pandaniAerotanusAesaipanensisandCxannulirostris
marianaeTwospeciesAeaegyptiandCxpipiensquinque
fasciatusarecosmopolitanintheirdistributionwhilethe2
ToxorhynchitesspecieswerereleasedonGuamin1954to
controlothermosquitoesHu1955

Itappearsthatwhileallofthe41speciesknownfromthe
southernMarianashavebeenrecoveredfromGuamatleast3
AeneopandaniAerotanusandAesaipanensiswereintro
ducedtoGuamfromRotaandSaipanSevenspecieshave
beenfoundonall4islandsbutonly4oftheinitial7species
knownfromGuamareinthisgroupoftheremainderAe
pandanihasbeenrestrictedtoGuamandRotaAeoakleyi
hasbeenrecoveredfromGuamandSaipanwhileAevexans
vexanshasyettobefoundonRotaIsland

WorldWarIIcollectionsconfirmedthepresenceofeach
oftheinitial7speciesandadded6moretothefaunaInaddi
tiontoAeneopandaniAerotanusAesaipanensisandCx
annulirostrismarianaeallindigenoustotheMarianasCx
litoraliswasfoundoneachofthe4islandsin1945andCx
sitienswascollectedonGuamduringthesameyearCxlitor
aliswastoowellestablishedtohavebeenintroducedduring
thewarbutCxsitienswasprevalentthroughoutthewestern
Pacificzoneandintroductionwasprobable

ThegenusAnopheleswasnotknownintheislandsuntil
AnindefinitusLudlowwasfoundonGuamin1948Intro
ductionofthespeciesfromthePhilippinesitstypelocality
wassuggestedbyHull1952Thewidedistributionandhigh



Table1MosquitocollectionrecordssouthMarianaIslands

Species

Guam

L A

SubfamilyAnophclinac
GenusAnophelesMeigen

SubgenusAnophelesMeigen
haezaiGater 1971

barbirostrisVanderWulp 1976

lesteriBalsasandHu 1971

sinensisWiedemann 1971

SubgenusCelliaTheobald
indefinitusLudlow 1948

litoralisKing 1975

subpictusGrassi 1970

tessellatusTheobald 1971

vagusDonitz 1970

SubfamilyCulicinac
GenusAedeomviaTheobald

catastictaKnab 1967

GenusAedesMeigen
SubgenusAedimorphusTheobald

oakleviStone 1938

vexansvexansMeigen 1945

vexansnipponiiTheobald 1971

SubgenusStegotnyiaTheobald
aegyptiLinnaeus 1937

albopictusSkuse 1944

hurnsiBasioandReisen 1971

dybasiBohart

guamensisFarnerandBohart 1936

hensilliFarrier

marshallensisStoneandBohart

neopandaniBohart
pandaniStone 1938

rotanusBohartandIngram 1971

saipanensisStone
scutcllarisWalker

GenusCulexLinnaeus

SubgenusCulexLinnaeus

annulirostrismarianacBohartandIngram 1945

fuscocephalaTheobald 1969

hutchinsoniBarraud

litoralisRBohart 1945

pipicnsquinquefasciatusSay 1936

pseudovishnuiColless
sinensisTheobald

sitiensWiedemann 1945

tritacniorhvnchusGiles 1962

vagansWiedemann
SubgenusCuliciomviaTheobald

papuensisTaylor
SubgenusLutziaTheobald

uscanusWiedemann 1971

GenusMansoniaBlanchard

SubgenusMansonioidesTheobald
uniformisTheobald

GenusArmigeresTheobald
SubgenusArmigeresTheobald

subalbatusCoquilett 1969

SubfamilyToxorhynchitinae

GenusToxorhynchitesTheobald
SubgenusToxorhvnchitesTheobald

amhoinensisDoleschall 1954

hrevipalpisTheobald 1954

TOTALSPECIESRECORDED 41

InitialCollectionDatesandDistributionRecords

Rota

L A

9

Collectionwasindicatedorpresenceofspeciesinferredthroughdiseasevectorassociation
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Saipan
L A

12

Tinian

L A

1975

1970

1948

1975

1970

1970

1958

1938

1911

1905

1948

1971

1970

1911

1970

1970

1976

1911

1970

1970

1970

1945

1969

1970

1945

1911

1970

1970

1945

1962
1970

1970

1968

1962

1969

1954

1954

1976

1945

1945

1945

1945

1976

1970

1945

1944

1945 1944

1976 1934

1945 1944

1976 1951

1976

1945

1944

1945 1944

1945 1945

1945

1970

1970

1945

1944 1973

1934 1944

1934 1944

1944

1944

1944 1944

1944 1945

1945 1944

1925 1973

1970 1973

13

1973

1973

1945

1944

1945

1944

1945

1945

1945

1973

1973

1973



degreeofadaptationtolocalconditionsatthetimethisspec
ieswascollectedcausedthecollectorstocommentthatthe
mosquitohadprobablyexistedonGuamforanappreciable
periodoftimeandthatitdidnotseemlikelythatitwas
introducedduringorfollowingWWIIYamagutiandLaCasse
1950

ThelistofpostWWIIintroductionsandinterislanddisper
salsofmosquitoesbeganwiththediscoveryofAnindefinitus
in1948AedeomyiacatastietawasfoundonGuamin1958
andithasremainedrestrictedtothatislandCxtritaeniorhyn
ehusandMansoniauniformiswerebothdiscoveredduring
routinesurveillanceonGuamin1962withCxtritaeniorhyn
ehusbeingtakenalsoonTinianin1973Cxfuseanusfirstre
portedfromGuamin1968wassubsequentlycollectedon
SaipanalongwithAnindefinitusin1970andonTinianin
1973CxfuseoeephalaandArrnigeressubalbatuswereadded
totheGuamlistin1969

Atotalof17speciesnewtotheMarianaswererecorded
during1970and1971byReiscnetal1972andtheinput
culminatedwiththecollectionofAnbarbirostrisandAn
litoralisin1975Allofthese19specieswerediscoveredon
GuamandallwereintroductionsThispopulationincluded8
Anopheles1Aedionaorphus51edesincludinganewspecies
4eburnsiBasioandReisenand5Culexspecies

ThesurveysonTinianin1973andRotain1976disclosed
evidenceofinterislanddistributionssincetheinitialcollections
madein194445Fiveadditionalspeciesincluding2anophe
linesweretakenonTinianand3speciesplusconfirmationof
theexistenceofCxpipiensquinquefasciatuswereaddedto
theRotalistAnadultAeneopandanitakenduringroutine
mosquitosurveillanceattheairforcebaseonGuamin1976
wasthefirstcollectionrecordforthatisland

TheinterislandcollectionssuggestintroductionofAn
indefinitusontoSaipanandTinianandmovementofAnsub
pictusfromGuamtoTinianSinceAealbopictushasbeen
knowntooccurontheother3islandssince1944itispossible
thatitexistedonRotaatthesametimebutwasmissedduring
thewartimesurveyofthatislandTherecoveryofAeneopan
danifrombothGuamandRotain1976suggestsinterisland
introductionasdoesthefindingofAepandanionRotain
1976andtherecordofAesaipanensisonGuamin1970The
recoveryofCxpipiensquinquefasciatusandCxtritaenior
hynchusonTinianwerenewcollectionrecordsforthatisland
andthetakingofCxfuseanusonSaipanandTiniansosoon
afteritsinitialcollectiononGuamin1968stronglysuggests
interislandintroduction

Thecapabilityforintroductionofmosquitoesintothe
MarianasexistsandtheprobabilityforentryisconstantA
USnavalfacilitywasestablishedonGuamfollowingaccept
anceoftheislandfromSpainin1898andtheislandbecamea
majorstopoverforshipssailingfromManilatotheUnited
StatesandfromHawaiitothePhilippinesIn1935Pan
AmericanAirwaysselectedGuamtobeoneofthelanding
pointsforitsChinaClippersandasthenumberofflightsin
creasedsodidtheopportunityforinsectintroductionsWorld
WarIIsawthetakingofGuambyJapaneseforcesandlater
theinvasionsofSaipanTinianandGuamandcaptureofRota
bytheAmericansGuambecameacenterforthereturnof
USarmedforcespersonnelfromthewesternPacificfollow
ingtheconclusionofWWIIBoththeaerialandsurfaceports
werereestablishedandPhilippineAirlinesinauguratedits
transPacificflightin1947
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TheflowofAmericanmilitarymanpowerandresourcesto
theFarEastresumedduringtheKoreanConflictandlaterthe
VietnamCampaignandforseveralyearsfollowingbothcrises
shipsandaircraftladenwithretrogradecargofromthe com

batzonescontinuedtoberoutedeastwardviaGuamThis was

alsotheperiodwhenJapanAirlinesdevelopeditsflightsched
ulesthroughGuamThepostwardemandforinterisland com

muterserviceresultedinthecharteringofseveralGuambased
airlinesThecurrentscheduleof9flightsdailyfromGuamto
Saipanandreturn6withastopoveronRotaand2withland
ingsonTinianenhancestheprobabilityofinterislanddisper
salofmosquitoes

Themosteffectivewaytoprecludeintroductionofun
wantedfloraandfaunaintotheMarianasisbyestablishment
ofaquarantineprogramSuchaprogramadministeredbythe
GovernmentofGuamandapplyingtoalltravelandcommerce
ateachaerialandsurfaceportonGuamcoupledwithacom
parableprogramineffectattheairportsonSaipanRotaand
Tinianwouldprovidetheprotectionwhichisrequired

QuarantineactivitiesataerialportsinthePacifichavebeen
discussedbyBasioetal1970forManilaandJoyce1961
fortheHawaiianIslandsTherequirementforaprogramto
precludetheintroductionofmosquitoesandotherpestani
malsontoGuamwasrecognizedbyearlyauthorsFarner
1944Reeves1953andJoyce1961Holway1964andRei
senetal1972recommendedincreasedemphasisbeplaced
onmosquitosurveillancearoundboththeseaandaerialports
ThemostcomprehensivequarantineproposalforGuamwas
presentedbyHayesandWhitworth1969Thehistoryofin
troductionsandinterislanddispersalsofmosquitospeciessub
stantiatestheneed

TheperiodicsurveysmadeonGuambeginningin1948
haveshownaconstantaugmentationinthenumberofmosqui
tospeciesoccurringonthatislandThisnumberincreased
fromthe13knownattheendofWWIItoatotalof41by
1975InadditioncollectionsonSaipanandthemosquitosur
veysmadeonTinianin1973andonRotain1976showed
gainsinthenumberofspeciesforeachislandThisindicatesa
steadyinfluxofspeciesontoGuamwithsubsequentinter
islanddispersalBoththeinfluxanddispersalcanbeattributed
toaerialandvesseltrafficanduntilascreeningprogramto
stopthisflowisestablisheditisanticipatedthatthetraffic
willcontinue

BoththehealthandeconomyofthesouthernMarianaIs
landscanbeaffectedadverselybymosquitointroductionsAn
islandcommunityisparticularlyvulnerabletodisasterthrough
introductionofpestandvectorspeciesofmosquitoesWithout
ahistoryofrepeatedexposureshumanpopulationstendtobe
moresusceptibletonewinfectiveagentsSincetheprobability
ofintroductionofvectorspeciesexistsforeachoftheislands
thenthepossibilityofinfectionandepidemicmustbeexpect
edThisformofdisasterhasalreadybeendocumentedforthe
MarianasDenguewasencounteredbytheAmericaninvasion
forcesonSaipanTinianandGuamduring1944andanepi
demicofJapaneseBencephalitisoccurredonGuamin1947
48Guamsuffereditsfirstcasesofautochthonousmalariain
1966andadditionalcaseswerediagnosedontheislandin
1969Vectorsoftheseandothermosquitobornediseases
occurthroughouttheIndoPacificareaandthepotentialexists
fortheirspreadintotheMarianas



Thenumberofmosquitospeciesoneachofthe4southern
MarianaIslandshasincreasedduringtheperiod19451980
andmosquitobornediseaseoutbreakshavealreadybeenre
cordedonGuamSaipanandTinianItisanticipatedthatthe
influxofmosquitoeswillcontinueandeventuallythreatenhu
manhealthifitisnotcontrolled
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MYRIOPIIYLLUMGROWTHINIRRIGATIONCANALSFOLLOWINGREDUCTIONSOF

COMPETITIVEPOTAilOKTOBYTILAPL1ZILCH

TheuseofherbivorousAfricanfishofthegenusTilapia
CichlidaeinsoutheasternCaliforniairrigationcanalsand
drainshasproducedsubstantialtocompletebiologicalaquatic
weedcontrolduringthepastseveralyearsalthoughcertain
obstaclesrelatedtofishavailabilityandmanagementcontinue
toexistLegner1979LegnerandPelsue1977Onespecies
TilapiazilliiGervaisisfavoredinbiologicalcontrolbecause
ofitsadaptationtorapidlyflowingcanalwaters0915m
secandlowwatertemperatures10C

AquariastudieshaverevealedastrongpreferenceofTzillii
forPotarnogetonpectinatusLoverMyriophyllumspicatum
varexalbescensJepsonHauseretal1977Legnerunpublish
eddatasothatthelatterweedmightbeselectivelyexcluded
byTzilliiinnatureleavingitasapersistentmonoculture
Theseresultsledtotheestablishmentofatemporary7zillii
quarantinebytheCaliforniaDepartmentofFishandGame
fromtheagriculturalareasadjacenttotheColoradoRiverThe
presumptionwasthatsincethefishwouldprobablynotcon
trolMyriophyllumitwouldbeuselesstoweedcontrolagen
ciesThustheannualreleaseoflargenumbersoftheseuse
lessherbivoreswouldnotjustifythethreatoftheirpossible
establishmentinthelowerColoradoRiverwhereimportant
waterfowlhabitatsmightbereduced

Theresultsof7yearsofresearchwithTzilliiintheIm
perialandCoachellaValleysnowshowthatMspicatumis
alsoeffectivelycontrolledalongwithPpectinatusandother
weedspeciesLegnerandFisher1980Legnerunpublished
dataDiscriminationbyTzilliiintheusuallymixedstands
ofbothweedspeciesisnotcompleteconsiderablenourish
mentbeingattainedfromtheoftensignificantnumbersof
crustaceanslarvalmosquitoesandchironomidmidgesand

EFLegner

UniversityofCalifornia
DivisionofBiologicalControlRiversideCalifornia92521

ABSTRACT

SignificantreductionsofcompetitivePotamOgetonpectinatusL
byTilapiazilliiGervaiswerenotfollowedbyincreasesintheMyrio
phyllumspicatumvarexalhescensJepsondensityinirrigationcanals
ofsoutheasternCaliforniaBothspeciesofaquaticweedsmaybecon
trolledatlowdensitylevelswhenadequatenumbersoftheherbivorous
fisharepresent
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aquaticsnailsthatseekrefugeintheMyriophyllummass
ThusTzilliimaybeconsideredonanexperimentalbasisfor
thebiologicalcontrolofaquaticweedsinirrigationcanalsof
thePaloVerdeValleyandotherareasadjacenttotheColo
radoRiverLargescalereproductionintherelativelycool
watersoftheColoradoRiversystemisnotexpectedgiventhe
minimum225Cspawningrequirementsofthisspecies
Hauser1977Alsoextensivewintermortalitywouldproba
blybecommoninwatertemperaturesbelow10CThehigh
energyconsumptionofalternativemechanicalcanalcleaning
operationsisnotjustifiedwhenapossibleeffectivefueleffic
ientbiologicalcontrolexists
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INVESTIGATIONSONNUISANCEMIDGESINWATERPERCOLATION

During1979aninvestigationwasinitiatedregardingnui
sancelevelsofchironomidmidgesproducedfromtheSan
AntonioFloodChannelandMontclairpercolationbasins
ThisparticularfloodcontrolsystemoperatedbytheChino
BasinMunicipalWaterDistrictCucamongaCAconsistsof4
percolationorspreadingbasinswhichreceivewaterfroma
concretelinedfloodchannelThesebasinsareusedforperco
latingwaterintothegroundforreplenishingsubsurfaceaqui
fersHoweverduringfloodingofthebasinsnuisancemidges
areproducedinlargenumbersandcomplaintsregarding
swarmsofadultmidgeshavebeenregisteredattheChino
BasinMunicipalWaterDistrictbyresidentsneighboringthe
floodcontrolsystem

Thethrustofthisinvestigationwastomakeaquantitative
andqualitativedeterminationofmidgefaunainthefast
movingshallowwatersofthefloodchannelandthedeep
watersofthepercolationbasinsAdditionallyitwasdesirable
toascertainhowthemidgespeciescompositionchanges
seasonallyandhowthisinformationmightbeincorporated
intoasuccessfulmidgeabatementprogramDuringthecourse
ofthisstudyapplicationsofinsecticidesweremadealongwith
installationofelectrocutingzaptrapsandadultTighttraps
Herewepresentasummaryofthe1979studiesandoffersug
gestionsforfuturestudiestoalleviatetheacutepestproblem
producedbychironomidmidges

TheconcretelinedSanAntonioFloodChanneltransports
waterfromSilverwoodLakethroughDevilsCanyonintothe
MontclairpercolationbasinsystemFigure1Whennotdi
vertedintothebasinsthiswatercontinuessouthtoOrange
CountyCAAtmaximumwaterdepththesebasinsvaryin
sizefrom44to123acwithbasin3beingthesmallestand
basin2thelargestBasin1and4eachcoverabout8acTwo
ofthe4percolationbasinsbasins1and2areborderedonthe
eastandwestbyresidentialdwellingsBasin3isborderedon
thewestbyresidentialhomesandontheeastbyanelemen
taryschoolwhilethefourthbasinlocatedsouthofInter

state10issurroundedbytreesandotherterrestrialvegeta
tion

BeginninginAprilandextendingthroughNovembera
routinelarvalsamplingprogramwasestablishedwhere3ofthe
4percolationbasinsweresampledbylifting56x6x2mud
samplesfromthebottomofeachbasinwithanEkmandredge
Duetotheisolationofbasin4itwasexcludedfromthesam
plingprogramsinceitwasnotconsideredtosignificantlycon
tributetothemidgeproblemThecollectedmudsampleswere
processedaccordingtoMullaetal1971Thecontentsof
eachHurdsamplewastakentothelaboratorywherethenum
beroflarvaewerecountedandtaxonomicdeterminations
madeaccordingtoMason1968andOliveretal1978

Theresultsofthismonitoringprogramarepresentedin
Figure2Forthemajorityofthesamplingseasonbasin1

BASINSMONTCLAIRCALIFORNIA

GregoryDJohnsonandMirSMulla

UniversityofCalifornia
DepartmentofIntomologyRiversideCalifornia92521
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containedthegreatestnumbersofmidgelarvaefollowedby
basin3andbasin2Inthefirstbasinthemidgenumbersstart
edoutatabout100larvaeftofbottomsedimentsinApril
andincreasedtoover600larvaeftbymidJuneDuringthis
sameperiodthelarvaldensitiesinbasins2and3showeda
similarincreasereachingapproximately125and170larvae
ftofmudrespectivelyThemidgespeciesofquantitativeim
portanceinbasin1fromAprilmidJunewerespeciesof
ChironomusTanytarsusandProeladiuswhileTanytarsus
sppandProcladiussppweremostprevalentinbasins2and3

Basedontheincreasingdensitiesofmidgelarvaeinthe3
basinsthroughJuneandthenumberofcomplaintsregistered
totheChinoBasinWaterDistrictbyresidentseastofbasin1
itwasdeemednecessarytotreatthebasinswiththeorgano
phosphorusinsecticideAbatetheonlyregisteredmaterial
currentlyavailableforaquaticmidgecontrolThusonJune
211979basins1and2weretreatedwithAbateEC4Thein

secticidewasdrippedintothewatercomingintobasin1from
theconcretelinedchannelThisbasinhavinganaveragedepth
of23atthetimeoftreatmentwastreatedatarateof13lb
AIsurfaceacreBasin2wastreatedatarateof025lbAI
surfaceacrebydrippingtheliquidformulationintothewater
comingoverthespillwayThisbasinhadanaveragedepthof
21atthetimeoftreatmentBasin3wasnottreatedsinceit
wasnotconsideredasignificantcontributortotheannoyance
problemprimarilyduetothedistanceseparatingthisbasinand
theareainundatedbyswarmingmidges

Theimmediateeffectivenessofthislarvicideonthemidge
larvalpopulationscanbeseeninFigure2By1wkpost
treatmentthelarvalpopulationsinbasin1werereducedfrom
about650larvaefttoapproximately140larvaeftwhilein
basins2and3theavgnolarvaeftdroppedfromabout125
to25and170to27respectivelyThereductioninlarval
numbersinbasin3wasprobablyduetothediffusionoftreat
edwaterfrombasin2Theefficacyofthecompoundwas
shortlivedwiththelarvaldensitiesincreasing2wksposttreat
mentBasedontheposttreatmentsamplesitwasfoundthat
AbateaffectedspeciesofChironomusandTanytarsushow
everProcladiuswasnotreducedbythistreatmentThisphe
nomenonofnaturalresistancebyspeciesofProcladiustothis
andotherOPinsecticideshasbeenreportedbyAliandMulla
1978

FollowingtheJune21Abatetreatmentthelarvalpopula
tionsinbasin1remainedbelow200throughSeptemberand
werewellbelow100larvaeftinbasin2AsshowninFigure
2thelarvaldensitiesincreasedinbasin3toabout300larvae
ftthroughJulyandAugustafterwhichtheydeclinedto
about75larvaeftinSeptemberDuringJulyresident com

plaintseastofbasin1weresteadilyincreasingandalthoughit
wasbelievedunwarrantedaninsecticideapplicationwasmade
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tobasin1OnJuly24thisbasinwastreatedat05lbAIsur
faceacusingthetreatmentmethodspreviouslydescribed
Thistreatmenthadnoaffectonthemidgelarvaldensities
Figure2norreducedthefrequencyofcomplaintsbythe
residentsborderingthisbasinThiswasprimarilyduetothe
factthatthemidgepopulationatthistimewerepredominant
lyspeciesofProcladiusandaspreviouslyindicatedthismidge
isresistanttotheOPAbate

ThroughJulywhenmidgelarvaldensitieswereunder200
larvaeftcomplaintswerecontinuallybeingregisteredbyresi
dentslocatedeastofbasin1Inordertogatherquantitative
andqualitativedataregardingadultmidgesinthisarca2New
JerseylighttrapsweresetupOneadulttrapwaslocatedbe
hindhomeAwhichisimmediatelyadjacenttobasin1andthe
secondtrapwassituatedathomeBinthecenteroftheresi
dentialareawhereadultswarmshadbeenreportedThetraps
wereplacedintheseareasovernightfor3samplingdatesThe
resultsarepresentedinTable1

Bylookingatthetotalnumberofmidgescollectedfrom
the2areasonthe3samplingdatesitcanbeseenthatthe
overnightchatchesinthecenteroftheresidentialneighbor
hoodwasroughly12thatcollectedbehindhomeAjustnextto
basin1Thiswasexpectedsincethisdwellingisadjacentto
basin1andinthedirectionoftheprevailingwindAswiththe
larvalsamplesthemidgespeciesofquantitativeimportance
wereTanytarsusChironomusandProcladiuswithTanytarsus
sppusuallypredominatingTable1Howeveralargenumber
ofCricotopusadultswerecollectedinthelighttrapsalthough
larvaeofthisgenuswerequantitativelyunimportantinthecol
lectedmudsamplesThesourceoftheseCricotopusadultswas
mostlikelyfromtheconcretelinedfloodchannelwhichwas
foundtoexclusivelyharborCricotopusspp

Toprovidelocalrelieffortheresidentsincloseproximity
tobasin14electrocutingzaptrapsweresetupat4residences
inthemidgeinfestedareaTheintentionofinstallingthese
trapswastoprovidetheresidentstemporaryrelieffromthe
nuisanceswarmsofmidgesawayfromwindowsanddoors
allowingunobstructedpassagewaytoandfromtheirhomesIt
hasbeenshownpreviouslythatthesetrapswillprovidelocal
reliefhowevertheyhavebeenfoundtohavenegligibleeffects
ontheoverallmidgepopulationMullaandAxelrodunpub
lisheddata

Oneofthemainproblemsencounteredincontrollingmidge
populationshasbeennaturalandacquiredresistanceofmidge

Table1NumberofadultmidgescollectedinNewJersey
GroundsMontclairCA

August2

Sept6

Sept20

Trap

Date1979 Locationl Chironomus Tanytarsus

HomeA

HomeB

HomeA 104 202

HomeB 22 153

HomeA 321 267

HomeB 130 231

16 137 95 156 0 404

6 128 71 56 2 263

120

speciestoorganophosphorusinsecticidesAilandMulla1978
Consequentlymidgelarvicidesshouldbeappliedonlyasalast
resortandatatimewhenthepopulationdensitieshavein
creasedsufficientlytoyieldmaximumcontrolNaturallythe
midgespecieswillalsodeterminetheefficacyofinsecticide
treatments

Duetotheproblemsassociatedwithinsecticideegesca
latingpricesunavailabilityofeffectivecompoundsonlyyield
ingshorttermcontrolitwouldbemorebeneficialinthelong
runtoselectothersuppressiontacticstodealwiththechiro
nomidmidgeprobleminthisfloodcontrolchannelThefirst
methodwouldbethestockingoflarvivorusfishsuchascarp
whichcanthriveindeepwaterreservoirslivingonorcloseto
thebottomandtheirdietsincludebottomdwellinginsectlar
vaeNaturallywatermustbepresentinthebasinsthroughout
theyearIntermittentfloodinganddryingofbasinsleadto
heavyproductionofmidgesAliandMulla1978bAsthe
basinsremainfullforlongperiodsandremaininstablecondi
tionmidgeproductivitydeclinesmarkedlyConsequentlythe
useofnaturalpredatorsandlimiteduseofinsecticidesmight
bethebestsolutionforcontrollingmidgesinthisfloodwater
system
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lliomeAadjacentandrightbehindBasin1homeBfurtherawayinthecenteroftheresidentialdevelopment

6 527

9 234

77 35 891

14 50 469



PREVALENCEANDPOTENTIALPROBLEMSOFNUISANCEANDVECTORINSECTS

INMALIBUCREEKLOSANGELESCOUNTYCALIFORNIA

INTRODUCTIONTheMalibuCreekdrainageislocated
30mileswestofdowntownLosAngelesintheSantaMonica
mountainsofSouthernCaliforniaItreceivesrunofffromLas

VirgenesandColdCreeksandalsofromLibertyCanyon
LakesinthedrainageareaincludingWestlakeMalibuLake
and20thCenturyLakeThecreekdischargesintothePacific
Oceanbythewayofalagoonlocatednearthecommunityof
MalibuCalifornia

PriortoJuly1978theLasVirgenesMunicipalWaterDis
trictssTapiaFacilitydischargedreclaimedwatertreatedto
thesecondarylevelintoMalibuCreekatapoint5milesup
streamfromthelagoondischargepoint003 Figure1The
reclaimedwaterwasdischargedintothecreekonlyduringthe
coolermonthsoftheyearfrommidNovembertomidMarch
Undertheinfluenceofthisseasonaldischargeandtheprevail
ingwinterrainsMalibuCreekflowedinthewinterspringand
summermonthsaidduringthelatesummeandfallwater
flowbecamediscontinuousandisolatedpoolsofwaterwere
created

AspartofapilotstudytheTapiafacilityhasbeendis
chargingreclaimedwaterintoMalibuCreekinayearround
basisatdischargepoint003sinceJuly1978Concernhasbeen
expressedthatsuchadischargeduringthesummermonths
maypossiblyresultintheproductionofpestandvectorin
sectsinthecreekandintheterminallagoonarea

Thepurposeofthisstudywastocompleteanassessmentof
theproductionofnuisanceandvectorinsectsintheMalibu
CreekareaThestudyincludedmosquitoesCulicidaeblack
fliesSimuliidaeandaquaticmidgesChironomidaeQuanti
tativedatawasgatheredontheabundanceoftheseinsects
overa4monthperiodAug1Dec11979atthevarious
samplingstationsutilizedinthestudyWithintherelatively
shortdurationofthestudyperiodwealsoendeavoredtoeval
uatepotentialproblemscreatedbythespecificvectorandpest
insectsfoundinthestudyareaandtosuggestspecificremedies
fortheeliminationofhighpopulationsofmosquitoesblack
fliesandmidgesshouldthepotentialforsuchpopulationsbe
foundtoexistintheMalibuCreekarea

Additionallywewishedtodetermineifthedischargeofre
claimedwaterincreasestheproductionofmosquitoesblack
fliesandmidgesandtoevaluatetherelationshipbetweenalgae
andmacrophytegrowthandtheproductionofnuisancein
sects

METHODSANDMATERIALSAllsamplingwascom
pletedbetweenAugust11979andDecember11979during
the4monthstudyperiodSamplingsitesutilizedinthisstudy
arelistedbelowandshownonthemapoftheMalibuCreek
areainFigure1

UpstreamSite1 R9MalibuCreekMalibuCreekStatePark
UpstreamSite2R12MalibuCreekconfluencewithColdCreek
DownstreamSite3RioMalibuCreekupstreamRindgeDam

WayneLKrasnerandMirSMulla

UniversityofCalifornia
DepartmentofEntomologyRiversideCalifornia92521
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DownstreamSite4R3MalibuCreekdownstreamRindgeDam
DownstreamSite5 R4 MalibuCreekatCrossCreekRoad

BecauseofdredgingactivitiescarriedoutbetweenCross
CreekRoadandMalibuLagoonduringthestudyperiodsite
R4couldonlybeutilizedduringNovember1979

SamplingPlan Larvalmosquitopopulationsweresampl
edonaweeklybasisateachsamplingsiteSamplesweretaken
insuspectedlarvalhabitatsalongthestreammarginaswellas
potentialhabitatsisolatedpoolsdiscontinuousdepressions
intheareaofeachsitetodeterminethepresenceofmosquito
larvaeLarvalsamplesweretakenbythestandardizeddipper
techniqueHagstrum1971inwhich10dipssiteweretaken
andreturnedtothelaboratorywherealllarvaewereidentified
andcounted

MALILAKE

CENTURYLAKE

MALIBUCREEK

CALIFORNIA

TAPIAI
PARKI

LVMMD
usNKRt

010

ruwANwraWON

R3

t
AWfiCCORM I

PACIFICOCEAN

MALIBULAGOON

Figure1SchematicdiagramofMalibuCreekandassoci
atedtributarieswithsamplingsitesshownasR003R12



Adultmosquitopopulationsateachsiteweresampledona
biweeklybasisbeginningSeptember131979usingCDCmini
aturelighttrapsbaitedwithdryiceNewhouseetal1966

ImmatureblackfliesSimuliidacweresampledusinga
methodsimilartothatdescribedbyWilliamsandObeng
1962Larvalandpupalnumberswereestimatedutilizing
polyethylenestripsasartificalsubstratesThestripsmeasured
381x13cm15xzinandwereattachedtowirespikes
withstaplesThreestripswereplacedeachweekateachcreek
samplingsiteThefollowingweekallowing7daysforcoloni
zation2stripsfromeachsamplingsitewereremovedand
placedin70alcoholforfuturecountingandidentificationof
larvaeandpupae

Larvalchironomidmidgesweresampledbybenthicscoop
samplestakenatweeklyintervalsThisscoopremoveda
6x6x2areaofthesubstrateandthismaterialwasplacedin
abucketandmixedthoroughlywithwaterThesamplewas
thensievedthrougha52meshscreentransferredtoacontain
erandtransportedtothelaboratoryThelarvaewererecover
edfloatedandcountedinthemannerdescribedbyMullaet
al1971

RESULTSTheresultsofallsamplingscompletedinthe
MalibuCreekareaduringthestudyperiodarepresentedin
Table1

AMosquitoes Thelarvalandadultmosquitoescollected
fromtheMalibuCreekareaduringthecourseofthestudyper
iodincludethefollowingspeciesAnophelesfranciscanusAn
freeborniCulexapicalisCxtarsalisCulisetaincidensandCs
inornata

Themosquitoesfoundinthegreatestnumberduringthe
studyperiodAugust11979December11979wereinthe
genusAnophelesBothlarvalandadultsamplestakenduring
thestudyindicatethepresenceofAnfranciscanusandAn
freebornialongvariousportionsofMalibuCreekbothabove
andbelowdischargepoint003Thehigherstpopulationsof
AnfranciscanuslarvaeandadultslocatedintheMalibuCreek
drainageareaduringthestudyperiodwerefoundatR9up
streamofdischargewhilethehighestpopulationsofAnfree
bornilarvaeandadultswerefoundatR3downstreamofdis
charge

LarvaeofAnfranciscanuswerefoundtobeassociated
withmatsoffilamentousalgaeCladophoraUlothrixand
Vaucheriausuallyfoundalongthemarginsofslowmoving
sunnysectionsofthecreekOccasionallyAnfranciscanuslar
vaewerealsofoundinmatsofalgaefloatinginthecenterof
slowmovingportionsofthecreekAnfreebornilarvaehow
everwerefoundinshelteredsitesalongthemarginsofslow
movingsectionsofthecreekAtsiteR3Anfreebornilarvae
werefoundtobeassociatedwithgrassesCynodonandEchin
ochloagrowingalongthecreekmarginAtthepresenttime
theextentofgrowthofthisgrassislimitedoccurringonlyin
averyfewlocationsExpandinggrowthofthesegrassescould
resultingrowingpopulationsofthismosquito

Theothermosquitospeciessampledduringthestudywere
usuallyfoundinisolatedpoolsordepressionsseparatedfrom
themainbodyofthecreekTheseisolatedpoolsofwaterwere
createdafterperiodsofpeakdischargeandsubsequentreced
ingandwereformedinflatorsunkenareaslocatedadjacent
tothestreatnmarginThemainmosquitofoundinthesehabi
tatsduringtheearlypartofthestudywasCxtarsaliswhilein
thelastmonthNovemberasexpectedCsincidensandCs
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inornatahadbeguntoappearinsomeofthesesitesCxtar
salisisthemostcommonandwidespreadmosquitoinCalifor
niaandtheimmaturestagesofCxtarsalisarefoundinprac
ticallyalltypesoffreshwaterhabitatsCsincidensandCs
inornataareessentiallycoolweathermosquitoesandthelarvae
arealsofoundinavarietyoffreshwaterhabitatssimilarto
thoseofCxtarsalis

Populationsoflarvalmosquitoesdeclinedduringthelast
monthofthestudyperiodprobablyasaresultofcoolertem
peraturesalthoughCulisetaspbecamemorenumerousSimi
larlyadulttrapcatcheswerehighatsiteR9inSeptemberbut
muchlowerinOctoberandNovember

BBlackflies TwoblackflyspeciesSitrruliumvirgatum
andSarguswerefoundateachoftheMalibuCreeksampling
sitesSvirgatumwasfoundingreaternumbersatsitescharac
terizedbyafasterandmoreturbulentcurrentLarvaeand
pupaewerefoundintheswiftestpartofthestreamwithlarge
numberscongregatingonrocksdirectlyundertherushing
waterOntheotherhandSarguslarvaeandpupaewere
foundingreaternumbersincurrentsoflowervelocityand
werefoundtobeattachedtoalmostanytypeofsubstrate
Atthevarioussamplingsitesbothspeciescouldbefoundbut
therelativenumbersofthetwospeciescolonizingthepolye
thylenestripsseemedtobeinfluencedbytheplacementof
thestripsateachsiteandtheimmatureblackflymicrohabitat
preferencespreviouslydescribedThereforecarewastakento
placepolyethylenetapesinthesameportionofthestreamat
eachsiteonsuccessivesamplingdatestomeasurerelative
populationtrendsduringthecourseofthestudyperiod

AscanbeseenfromTable1thehighestobservedweekly
colonizationratesforimmatureblackflieswereatsitesR10

andR3wherethemainspeciespresentwasSvirgatumwhile
thesitescharacterizedbylowercolonizationratesR9R12
andR4weredominatedbySargus

Incontrasttothegeneraldeclineinmosquitopopulations
notedduringthelaterpartofthestudyperiodpopulationsof
immatureblackfliesatthestudyconclusionremainedatre
lativelyhighlevelsatsitesRI0R3andR4whencompared
toprevioussamplesatthesamesites

CMidges AquaticmidgesinthegeneraCryptochirono
rnusPolypedilumandProcladiuswerefoundtodominatein
thelarvalscoopsamplestakentomonitorpopulationsofthese
insectsSiteR10showedthehighestnumbersoflarvalchiro
nomidssampledinMalibuCreekbutpopulationsofthesein
sectsfoundwerelowinrelationshiptonumbersfoundin
otheraquaticsituations

DISCUSSIONMosquitoespropagateinstagnantwateror
portionsofstreamsthatareslowmovingandcloggedwith
vegetationThepotentialformosquitoproductionintheMali
buCreekareaisgreaterwherethewaterflowinthecreekis
impairedorminimalresultinginthecreationofpoolspud
dlesanddiscontinuousdepressionsSuchconditionsaresimilar
tothosewhichareseeninMalibuCreekabovethedischarge
pointduringthesummermonthsorbelowdischargepoint
whenthecreekisreceivingnodischarge

Ingeneralcreeksandstreamswithcontinuousflowarenot
goodmosquitohabitatsInsuchsituationssuitablehabitatsfor
mosquitolarvaearescarceandadditionallyincontinuousand
deeperwaterpredatorshaveagreatercapabilitytoeliminate
mosquitolarvalpopulationsThereforecontinuoussubstantial



Table1PopulationdensitiesofnuisanceinsectscollectedintheMalibuCreekareaLosAngelesCountyCalifornia1979
LarvalMosquitoes AdultMosquitoes Larvalblackflies

No10dips Notrap Notape Larval

Sampling Anopheles Simulium Simulium Chironomidae
date Culex freeborni franciscanus Culiseta Culex Anopheles Culiseta virgatum argus Nosqft

SITER9upstreamfromdischarge
Aug10 0 0 15 68
Aug16 0 0 11

Aug27 0 0 14 0 5
Sept6 0 4 33 1 0
Sept13 0 5 23 4 179 0 16
Sept21 0 4 3 12
Sept27 0 17 9 3 131 0 2 34 0
Oct4 1 8 2 2 4 28
Oct11 0 1 2 nosample 4 8 0
Oct18 0 2 0 4 6 0
Oct24 0 0 0 1 3 1 6 8 0
Nov1 0 2 5 33 6
Nov15 0 0 1 0 0 0 4 13

SITER12upstreamfromdischarge
Aug10 0 0 1 0 20
Aug16 0 0 0 0

Aug17 16 0 2 0

Sept6 6 0 13 0
Sept13 9 0 2 0 1 0 0 32
Sept21 7 0 1 0 44
Sept27 9 0 3 0 1 0 0 2 10 4
Oct4 8 1 2 0 1 4 8
Oct11 8 0 0 0 1 0 0 6 12 8
Oct18 8 0 1 0 4 17 24
Oct24 15 0 1 12 0 0 0 12 48 0
Nov1 9 0 0 7 15 61
Nov15 0 0 0 0 nosample 3 18

SITER10downstreamfromdischarge
Aug10 9 0 3 28
Aug16 6 0 6
Aug27 0 0 0 377 38
Sept6 3 0 8 58 1
Sept13 0 0 9 nosample 98 2 52
Sept21 0 0 10 190 0 72
Sept27 0 0 8 2 0 0 100 3 76
Oct4 1 0 0 156 2 52
Oct11 0 0 8 1 0 0 151 6 36
Oct18 0 0 5 83 10 63
Oct24 0 0 2 0 0 0 nosample 80
Nov1 0 0 1 57 4
Nov15 0 0 0 nosample 50 2

SITER3downstreamfromdischarge
Aug10 9 18 0

16
Aug16 2 6 0 0 1
Aug27 0 10 0

nosample
Sept6 0 25 0 155 24
Sept13 0 19 0 0 16 0 139 66 48
Sept21 0 32 0 2 13 20
Sept27 0 36 0 3 13 0 24 32 8
Oct4 0 41 0 10 12 20
Oct11 0 62 0 0 1 0 84 39 4
Oct18 0 29 0 26 3 12
Oct24 0 38 0 0 0 0 24 17 20
Nov1 0 10 0 8 54
Nov15 0 7 0 0 3 5 29 33

SITER4downstreamfromdischarge
Oct4 0 0 3
Oct11 0 0 0
Oct18 0 3 0 4 44
Oct24 0 10 9 0 0 1 6 30
Nov1 0 0 0 8 8
Nov15 0 0 0 0 1 3 9 38
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waterflowwillresultinnonoticeableincreaseinmosquito
productionalongmostofMalibuCreek

Immatureblackfliesarefoundonlyinwelloxygenatedlotic
waterhabitatsLarvaeandpupaeattachthemselvestovarious
substratesinportionsofthestreamwherethecurrentisfavor
ablefortheirdevelopmentThedischargeofsecondaryefflu
entfromtheTapiaFacilitywillcertainlyincreasethepopula
tionsoflarvalblackfliesintherunningwatersituationsdown
streamfromthedischargepointBlackfliesoccurnaturallyin
thosesectionsofMalibuCreekwhichflowduringthewinter
springandearlysummeroftheyearbuttheywouldprobably
notbepresentinthelatesummerandfallmonthsthroughout
mostofMalibuCreeksincewithouteffluentdischargethe
waterinmanyoftheseareaswouldceasetoflowandisolated
poolswouldbecreatedForutnatelytheblackflyspeciescur
rentlyfoundinMalibuCreekarenotanthropophilicandpose
littlenuisancepotentialtohumans

MosquitoBreedingPotential Althoughwehavemention
edpreviouslythattheyearrounddischargeofeffluentinto
MalibuCreekwouldproablyresultinnonoticeableincreasein
mosquitopopulationsthereremaincertainareasalongthe
creekthatwouldbesubjecttolowlevelfloodingcreatedby
theincreasedflowbroughtaboutbyeffluentdischargeThese
areascouldthenproducemosquitoessocaremustbetaken
withregardtomonitoringbothflowdischargeratesandareas
subjecttoinundationforpotentialproblemsOnthoseocca
sionswhenlargequantitiesofwateraredischargedinshort
periodsoftimesomelowareaslocatedalongsectionsofMali
buCreeknearsitesR10andR3maybeinundatedMostof
MalibuCreekpossessesgoodinclinefacilitatingflowwithin
themainstreamchannelandthoseareassubjecttoinundation
arenotextensiveinanysense

Anotherpotentialproblemexistsinthelowlyingareasnear
MalibuLagoonChannelizationofasectionupstreamfromthe
lagoonhascreatedgoodflowintothelagoonbutitmightbe
necessaryfromtimetotimetobreechthebermbetweenthe
lagoonandtheoceanatregularintervalssothatthewaterlevel
inthelagoondoesnotrisetotheextentthatitfloodstheex
tensivepotentialmosquitobreedingareasborderingthe
lagoonThesesaltmarshareashavebeenknowntoproduce
largenumbersofAedessquamigerinpreviousseasonsand
withincreasedcreekflowasaresultofeffluentdischargethe
waterlevelofMalibuLagoonshouldbecloselymonitoredto
eliminatethepotentialfloodingofthesemarshareas

AquaticVegetationandMosquitoBreeding Therewasa

definiterelationshipfoundtoexistbetweenthepresenceof
AnopheleslarvaeandaquaticvegetationAnfranciseanuslar
vaewerefoundassociatedwithfilamentousalgaeandAnfree
bornlarvaewerefoundtobeassociatedwithgrassesCvno
donandErhinoehloaSinceitisknownthattheeffluentdis
chargeisrichinnutrientsitcouldbepostulatedthatthisdis
chargecouldleadtoadownstreamincreaseinalgaeand
macrophyteswhichmayserveaspotentialmosquitohabitats
Suchconditionsduringthecurrentdischargeperiodhowever
werenotnotedonalargescale

Weexaminedthisquestionbycomparingcreeksitesup
streamR9andR12fromtheeffluentdischargepoint003
Figure1withthosedownstreamR1andR3

Theamountsofalgaeandmacrophytesobservedattheup
streamsiteswereequivalenttothoseobserveddownstream
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andhencethecreationofincreasedvegetativegrowthcould
notbeattributedtothenutrientladensecondaryeffluent

PestsIdentifiedintheStudyArea Themainmosquito
speciescollectedinthestudyareaAnfreebornandAnfran
ciscanusareknowntofeedpreferentiallyonmammalsbutare
notespeciallyanthropophilicinnatureCxtarsalisfeedson
mantosomeextentanditplaysanimportantroleasapoten
tialvectorofWEEWesternEquineEncephalitisandSLE
StLouisEncephalitisintheWesternUnitedStatesBohart
andWashino1978Thepopulationsofthismosquitosampled
duringourstudyatMalibuCreekarenotlargeascomparedto
someotherareasintheState

Oftheothermosquitoessamplesduringthefourmonth
studyperiodCxincidensisknowntobeanthropophilicand
attimesasignificantpestspeciesCsinornatafeedsprimarily
onlargedomesticmammalsandseldombitesman

Blackfliesaresimilartomosquitoesinthatfemalesare
bloodsuckingandcertainspeciescanbeveryannoyingtoman
ThetwoblackflyspeciescollectedatMalibuCreekStirgat
umandSargusarenotknowntobesignificantpeststoman
Thesespeciesseemtofeedpreferentiallyonhorsesandother
largemammalsHall1972

Chironomidmidgescanconstituteahumanruisanceprob
lemwhentheadultsemergeinlargenumbersfromaquatic
sitesandcongregatenearhumandwellingsThepopulationsof
theseinsectsobservedintheMalibuCreekareaarenotdeemed

toposesuchaproblemsincetheyoccurinfairlylowdensities
alongonlylimitedstretchesofMalibuCreek

NuisanceInsectControlProcedures Intheeventthatin

sectproductionduringwaterdischargeperiodsismaterially
increasedseveralcontrolmethodologiesmightbeemployedto
managetheirpopulationsinthearea

Flushing Theflusingactionofmovingwatercanbeutil
izedformosquitocontrolIfalargeheadofwaterisdischarg
edforexampleatweeklyintervalsthecurrentcanwashthe
immaturestagesofmosquitoesdownstreamMosquitoesare
muchmoresensitivetothismanagementpracticethanother
organismsThismanagementpracticecouldbeeasliycoordi
natedwitheffluentdischargepatterns

BiologicalControlAgents Mosquitofishandotherbio
logicalcontrolagentsaremoreefficientindeeperwaterthan
insmalldiscontinuousbodiesofwaterWithsubstantialwater

flownotonlypredaceousfishbutalsogamefishwillprob
ablythriveIfnecessarythestreamorportionsofitcanbe
stockedwithmosquitofishfromtimetotime

ChemicalControlMeasures Attimesitmightbeneces
sarytotreatisolatedpoolsandpuddleswithrelativelysafeand
innocuousgranularchemicallarvicidesthatwillleavenolast
ingresiduesintheecosystem

TworegisteredmaterialstemephosAbateandfenthion
arecurrentlyavailableforuseinaquaticsituationsandare
routinelyemployedtocontrolhighpopulationsofmosqui
toesTemephosisregisteredforthecontrolofblackfliesand
aquaticmidgesTheextentandmagnitudeofthesetreatments
wouldbequitelimitedasonlythosesmallportionsofthe
totalcreekhabitatwhichshowproblemsneedbetreatedWe
believethatthesetreatmentswouldhavetoberesortedtovery
infrequently

Channelization MostofMalibuCreekpossessesgoodin
clinefacilitatingchannelizedflowHoweverthereareafew



locationswherethestreambedbecomeswideandclogged
withvegetationSuchasituationexistednearR4between
CrossCreekRoadandMalibuLagoonExtensivechanneliza
tioninthisareacompletedinSeptemberandOctober1979
haseliminatedpotentialmosquitobreedingsitesbyconfining
thestreamflowtoseveralsmallwaterwaysSuchchanneliza
tionpracticiesareemployedroutinelyforfloodcontrolpur
poses

CONCLUSIONSIndiscussingtheresultsofourstudyit
mustberememberedthatthisstudywasdoneonlyovera4
monthperiodfromAugustI1979toDecember11979We
didnothavetheopportunitytoobservethepopulationsofthe
insectssurveyedmosquitoesblackfliesandmidgesovera
completeseasonalcycleandhenceitisdifficulttoprovide
positiveconclusionsregardingtheirpossibleabundanceat
othertimesItisknownthatmosquitoesandblackfliesnot
foundinthissurveydooccurintheMalibuCreekduringother
seasonsoftheyearMosquitoessuchasCulexthriambus
CxbohartiandCxpewshavebeenfoundinthestudyareaby
personnelfromtheLosAngelesCountyWestMosquitoAbate
mentDistrictandhencethisstudymustnotbetakenasa
completesurveyofthenuisancepotentialknowntooccurin
thisarea

Consideringthedatagatheredfromthisstudyseveralcon
cludingstatementscanbemadewithregardtothenuisance
insectsobservedintheMalibuCreekareaandtheinfluenceof
effluentonpopulationsoftheseinsects

1Itisourfeelingthatyearrounddischargeofeffluentfrom
theTapiaFacilityntoMalibuCreekwillnotmaterially
increasethepopulationsofnuisanceinsectsintheareas
downstreamfromthedischarge

2Mostlikelyoverallpopulationsofmosquitoeswillnotin
creaswhilepopulationsofblackflieswillincreasewhen
comparedtoseasonalpopulationsoftheseinsectsbefore
thecreekreceivedyearrounddischarge
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3AreasofpotentialmosquitobreedingdoexistintheMalibu
Creekareaandshouldbemonitoredforproductionofmos
quitoesThesebreedingpotentialsexistwhetherthereisre
claimedwaterdischargeornotThesaltmarshareaborder
ingMalibuLagooncancreateasignificantproblemunder
floodedconditionsbutthiscanbeavoidedbybreeching
thebermbetweenthelagoonandtheoceanatregularinter
valsAdditionallytheeffluentdischargeflowpattern
shouldbeofanirregularnaturetoprovideflushingofanos
quitohabitatsandyetnotbeextremelylargeinvolumeso

thatdepressionsandpoolsadjacenttothecreekbedare
floodedFloodingthesesiteswillcontributetounnecessary
mosquitobreeding

4Severalspecificcontrolremediesincludingbiologicalphysi
calandchemicalcontroltreatmentscouldbeusedtohan

dlepotentialoutbreaksofnuisanceinsectsinsectionsof
MalibuCreek
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FLIGHTANDDISPERSALOFNATIVEMOSQUITOSPECIESIN

THENEWRIVERBASINIMPERIALCOUNTYCALIFORNIA

EricWGordon2RichardPMeyer
3 andMarilynMMilby

ABSTRACT

Twomarkreleaserecapturestudieswereperformedtoex
tendtheknowledgeofCulextarsalisbionomicsintheNew
RiverareaofImperialCountyCaliforniaUnderthedirection
oftheImperialCountyHealthDepartmentthestudieswere

ThesestudiesweresupportedinpartbyfundsfromtheCalifornia
StateAppropriationsforMosquitoControlResearchintheUniversity
ofCaliforniaandbyResearchGrantA103028fromtheNational
InstituteofAllergyandInfectiousDiseasesGeneralResearchSupport
GrantISO1FR05441fromtheNationalInstitutesofHealthEduca
tionandWelfare

2lmperialCountyHealthDepartmentDivisionofEnvironmental
QualityControlVectorControlSection935BroadwayElCentro
California92243

3DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCaliforniaBerkeleyCalifornia
94720
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designedtodeterminemovementsofmosqutioeswithinand
outoftheriverbottomandutilizedatraparrangementcon

sistingofthreeconcentriccirclescenteredontheNewRiver
AdultswerecollectedformarkingandreleasebyCDCtraps
withCO2andreleasesweremadeatthecenterandfour
pointsontheinnercircle

Althoughmovementwaspredominantlyupanddownthe
riverbedapproximately20ofCidertarsalisrecapturesin
eachofthetwostudiesweremadeattraplocationsonthe
bluffssurroundthereleasesitesindicatingthatthisspecies
woulddisperseoutoftheriverbottomLifetableandpopula
tionestimateswerenotpossiblebecauseeitherclimaticorlog
isticproblemspreventedextensionoftrappingandobserva
tionsforatendayperiodThefindingsachievedtheprimary
puposeofdemonstratingsignificantmovementfromtheriver
bottomtoadjacentareasofhumanhabitation



SPATIALANDTEMPORALDISTRIBUTIONANDDIETOFLARVAE

OFTHECLEARLAKEGNAT

AEColwell

LakeCountyMosquitoAbatementDistrict
410EsplanadeLakeportCalifornia95453

ABSTRACT

ClearLakegnatChaoborusastietopusDyarandShannon
larvaeweremorethantwelvedinesasabundantinthecenter
ofaponddepth32inastheywereatshallowerlocations
neartheshoreLateinstarlarvaeexhibiteddietverticalmigra
tionsmovingfromthebottomsedimentduringthedayinto
thewatercolumnduringthenightThemigratinglarvaedid
notfollowaspecificdissolvedoxygenortemperaturezoneas
thesechangedovera24hrperiodHoweverthelarvaedidre

maininregionsoflowlightintensityThedailymovementup
intothewaterwasalsoassociatedwithfeedingAt2100hr
80ofthelarvaeinthewaterhadingestedmatterinclud
ingdinoflagellatesrotifersandcopepodsintheircropswhile
95ofthelarvaeinthemudhademptycropsElectivity
indicesindicatedthelarvaeweremoresuccessfuliningesting
small05mmsmoothbodiedpreythanotherorganismsin
thepond

EQUIPMENTFORSTUDYINGTHEAQUATICSTAGESOFTHECLEARLAKEGNAT

CIIAOBORISASTICTOPUS

NLAndersonAEColwellandRKWashino

INTRODUCTIONImmaturestagesofChaoborusastieto
pusClearLakegnatinhabitboththewatercolumnandthe
bottomsedimentofpondsandlakesinLakeCountyandother
regionsofCaliforniaThesehabitatsnecessitatetheemploy
mentofavarietyofsamplingapparatusinordertostudythe
abundanceanddistributionofCastietopusTheequipment
usedforroutinemonitoringofCastietopusissimilarto
apparatususedtoassesssomelenticchironomidmidgepopula
tionsEkmanDredgesSchindlerBottlesplanktonnetsand
floatingandsubmergedemergencetrapsareallusedregularly
Howeverthisequipmentisnotsuitableforsamplingthe
regionofflocculantoozewhichispresentatthelowerendof
thewatercolumninmanychaoboridhabitatsAlsothis
apparatusisnotsuitablefordeterminingtheverticaldistribu
tionofCastietopusinthesedimentatthelakebottomAn
oozesamplerandasectionalcoringdeviceweredevelopedfor
thesepurposesInadditionanunderwaterobservatorywas
constructedtopermitdirectobservationsoflarvaeandpupae
inthewaterandthemud

OOZESAMPLERThefirstsamplingdeviceissimilartoa
Schindler1969planktontrapTofunctionproperlythe
Schindlertrapmustbeloweredveryrapidlyandjerkedup
wardsforadistancebeforeitwillcloseTheseactionsdisturb
theoozeandmakeitdifficulttosampletheoozeregionjust

1LakeCountyMosquitoAbatementDistrict410Esplanade
LakeportCalifornia95453

2DepartmentofEntomologyUniversityofCaliforniaDavis
California95616
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abovethemudwaterinterfaceToovercomethisdifficulty
amessengeractivatedtriggermechanismwasdevelopedso
thattheunitcouldbegentlyloweredtothedesiredleveland
thesamplecollectedjustabovethelakebottomSincetheside
ringplanktonnetandplanktonbucketpresentonaSchindler
trapcancreateturbulenceorvibrationswhichcouldcause
avoidancebyCastietopustheseitemswerenotincludedon
theoozesamplerAseparatefunnelbucketforconcentration
andcollectionoftheplanktonsamplewasconstructedforuse
withtheoozesampler

TheoozesamplerFigure1wasconstructedof79mm
Plexiglasacrylicsheetsgluedtogetherwithethylenedichlor
ideEDcementThetopbottomandcornerswererein
forcedwithadditionalPlexiglasThemetalhandletrigger
mechanismcompressionspringhingesandtensionsprings
wereallattachedwithflatheadedstovebolts

SECTIONALCORERTheseconddeviceisaKBTde
signcoresamplerwhichwasmodifiedbytheadditionofa
plungerandacoresamplecollectionvesselThecoreplunger
handlewasmadeofsteeltheheadofaluminumThealumin
umheadwasturnedonalathesoitwouldslipfitintothecore
tubewithamaximumclearanceof0076mmthuspreventing
themoreliquidsedimentsfromspillingoutofthecoretube
Thecollectionvesselwasconstructedfrompolyvinylchloride
pipefittingsandflangsThesepiecesweregluedtogetherwith
polyvinylchloridepipecementThecollectionvesselwas
threadedtomatewiththecoretubeDuringfieldoperation
thecorerisloweredintothebottomsedimentofapondor
lakeanduponretrievaltheplungerisinsertedintothebottom



Figure1Diagramofoozesampleramessengerbtrigger
mechanismccompressionspringhinged227kgtestline
eguideforlineftensionspring
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ofthecoretubeAfterthetripheadassemblyisremovedthe
coresamplecollectionvesselisscrewedontothecoretube
Thecoresamplecanthenbeeasilyseparatedintodiscrete
verticalfractionsbypushingthesampleupintothecollection
vesselTheplungerhandleismarkedincentimeterincrements
sothatsamplescanbecollectedfromknowndepthintervals
Themudisscrapedwithastraightedgeintothecollection
vesselandrinsedwithasqueezebottleintoasamplecupfor
subsequentlaboratoryanalysis

BENTHOBSERVATORYThe benthicobservatoryor
benthobservatoryFigure2wasconstructedondrylandand
thensetintoaspeciallydugpondThedesignofthebenthob
servatorywasmodifiedfromthewoodenshallowwatermodel
ofBayStrong1972Constructionofthebenthobservatory
wasinitiatedbybuildingformsfortheslabfloorandbending
andtyingthesteelreinforcingrodsThesteelworkincluded
127cmrebarformostofthestructureexceptfor159cm
rebarineachcornertoprovideloopsforhoistingAlsoweld
edwiremesh152cmsquareswastiedtotherebarforadded
rigidityTheconcretewallswereconstructedwithtwopours
Thefirstincludedtheslabbaseand61cmofthewallThe

formsweremadefromplywoodandconsistedofaninterior
formandanexteriorformTheinteriorformforthefirstpour
wasfilledwithsandtocounterthebuoyantforceoftheliquid
concreteFuturewindowopeningswereframedwithareverse
lipofclearredwoodsothatinthefinishedconcretewallthe
windowscouldbesetonasmoothsurfaceThetwolowerwin

dowframeswereleftintactafterthefirstpourandprovided
ananchorfortheupperformsThenextstepwascompleting
theupperformsOncetheinteriorandexteriorformswerein
placeandbracedsecurelytheupperportionwaspouredby
bucketingtheconcreteintotheformswhilestandingona
scaffoldTheconcretecontainedacementtoaggregateratio
wtwtof25133andthebenthobservatoryrequiredca
38cubicmetersofconcrete

ObservationwindowswereplacedinthreewallsTwowin
dows61cmx122cmwereplacedinalowerpositionand
onewindow61cmx152cmwasplacedhigherinthewall
oftheobservatoryThecaulkingcompoundusedinmounting
theglasswasElastoseal227atwopartepoxymixturethat
wasappliedwithaspecialcaulkinggunThe19cmthick
temperedplateglasswaswipeddownwithacetonejustprior
tosettingitinplaceNeoprenespacers64mmthickwere
usedtoholdtheglassupoffthebottomlipwhilethesealant
setup

Provisionsweremadetowaterproofthebenthobservatory
asmuchaspossiblebeforesubmergingthestructureThoro
sealacementitiouswaterproofcoatingwasappliedtothe
coldjointonbothinsideandoutsideconcretesurfacesThe
entirebenthobservatorywasthenplasteredontheoutside
usingamixtureofonepartcementtothreepartssandThe
plasterwasthencoveredwithtwocoatsofcoaltarepoxy
Twocraneswerenecessarytoliftthebenthoservatoryandset
itintothepondAsmallsecondstoryutilizedprimarilyfor
equipmentstoragewassubsequentlyconstructedoutofre
cycledformlumberMetalshieldswerecoatedtopreventoxi
dationandhungoverthewindowsforprotectionfromvan
dalismandtoinhibitalgalgrowthontheglass
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Figure2Diagramofbenthobservatoryasecondstoryofwoodblockabledoors cmultipleexteriorcoatingsover152cm
thickconretewallsd19cmthickplateglasserecessedhpforwindowfwindowshield gballasttank



Thebenthobservatorypresentlyinusedoesnotleakor
floatandisnoteasilyvandalizedTheconstructionmaterials
forthebenthobservatorycostlessthan2000Itprovides
24squaremetersofviewingareaforobservingthebottom
mudthemudwaterinterfaceawatercolumnofupto21
mthewaterairinterfaceandtheaerialspaceabovethe
water

Thebenthobservatorywasdesignedtofacilitatedirect
observationsofpossiblecompetitorsorpredatorsofCasticto
pusandtodeterminewhatcharacteristicsmightbenecessary
forabiologicalagenttobeeffectiveincontrollingthisspecies
BayStrong1972hasdiscussedtheutilizationofabenthob
servatoryinmosquitoandchironomidresearchandinother
limnologicalstudies

STUDIESOFCULICOIDESOCCIDENTALISATBORAXLAKECALIFORNIA

RichardVKelsonArthurEColwellandDucanKN1cClusky

LakeCountyMosquitoAbatementDistrict
410EsplanadeLakeportCalifornia95453

INTRODUCTIONThebloodfeedingofCulicoidesspp
DipteraCeratopogonidaecancausehumandiscomfortand
affecteconomicdevelopmentandtourismLinleyandDavies
1971ThewidelydistributedCuariipennisCoquillettwasre
centlysplitintotwospeciesDownes1978oneofwhich
CoccidentalisWirthandJonesisofpublichealthimportance
inLakeCountyCaliforniaCoccidentalisalsoisavectorof
bluctonguearbovirusoflivestockPriceandHardy1954
Luedkeetal1967

TheCoccidentalislarvalpopulationcenterinLakeCounty
isBoraxLakeanalkalinebodyofwaterapproximately50ha
inarcaNaturalbiologicalcontroldoesnotmaintainthepopu
lationbelownuisancelevelsThelakeisfishlessandduring
studiesincooperationwithOregonStateUniversityunpub
lishednofishincludingGilasppIlesperoleueassymmetric
usBairdandGirardCatostomusspIctalurusnebulosus
Lesueur1punetatusRalinesqueCyprinodonmacularius
BairdandGirardGambusiaaffinisBairdandGirardPoeeilia
reticulataPetersandGasterosteusaculeatusLinnaeusproved
capableoflongtermsurvivalinwaterfromBoraxLakeOther
biologicalagentsandchemicalpesticidestestedalsohavebeen

ABSTRACT

CulicoidesoccidentalisWirthandJonesisapublichealthpestin
LakeCountyCaliforniaFieldtestsduring1979ofLethane384
tcmcphosmethopreneandBacillusthuringiensisvarisraelensisde
BarjacatBoraxLakeprovedineffectiveincontrollingCoccidentalis
SeasonalemergenceoccurredfromMarchtoNvemberandappeared
cyclicaldielemergenceapparentlywasinfluencedbymoonlightand
bylowtemperaturesAdultaggregationsofCoccidentaliswereob
servedandcollectedFemalesaggregatedaroundagaseousventmales
aggregatedinshorelinematingswarmsatsunset
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Thispaperwilldiscussfieldtestsofpotentialcontrolagents
conductedin1979andthemonitoringmethodsdevelopedfor
thesetestsAlsopresentedarestudiesduring1979ofemer
genceseasonalanddailyandadultaggregationsofCocci
dentalis

MATERIALSANDMETHODSA006hapondmean
depth06madjacenttoBoraxLakewastreatedwiththe
potentialcontrolagentsthelakeitselfforchemicaltreat
mentsservedasthecontrol

OnJune8180mofthepondshorewassprayedwith
Lethane384272kgAIhainheavyaromaticnapthalene
OnJune26Abatetemephos1granuleswerespreadover
thepondsurfaceinanamountcalculatedtoyieldaconcen
trationof200partsperbillionOnAugust14409Altosid
methoprene4briquetsweresuspendedmidwayinthe
watercolumn

AbiocontrolagentBacillusthuringiensisvarisraelensisde
Barjacwastestedinametalcylinder57cmdiameterwhich
wasembeddedinthesubstrateatthepondshorelineOn



September510mlofformulatedSAN4021WDCBt
israelensiswasappliedtothewater1001litersinthecylin
derAsecondcylinderwastheuntreatedcontrol

Thetemephostreatmentwasmonitoredinpartbysampl
inglarvalandpupalpopulationsofCoccidentalisfromshore
linemudSixmudsamplesweretakentwiceweeklyfromthe
pondandlakefromJune15toAugust3Thesamplingloca
tionwasjustbelowthewaterlineLateralpositionofthe
sampleswasselectedwitharandomnumbertableApoly
ethylenevial5cmlong3cmdiameterwasusedtoobtain
each71cmmudsampleThesampleswererinsedintoacup
andimmediatelytransportedtothelaboratoryTherelarvae
andpupaewereseparatedfromthemudbyCaC12flotation
Eachmudsamplewastransferredintoa250mlpolypropylene
cupThecupwasthenfilledwithsaturatedCaC12solution
andstirredAsthemixturesettledpupaeandlargelarvaewere
pickedoffthesurfacewithforcepswhenthemixturehad
settledtheliquidwaspouredthroughsideholesofthecupand
examinedunderadissectingmicroscopeforsmalllarvaeAll
larvaeandpupaewerecountedThissamplingprocedurewas
adaptedtoanareaofhighCulicoidesdensityasone71cm
samplefromBoraxLakemudcouldcontainupto5000larvae

MudsampleswerealsotakenduringtheBtisraelensis
testfromeachcylinder1hrpretreatmentand12and6
daysposttreatment233and4samplesrespectivielyOnly
larvalnumberswererecorded

ThetemephostreatmentinpartandtheLethane384
andmethoprenetreatmentsweremonitoredbysamplingadult

Figure1DiagramofemergencetrapforCulicoides1lid
2outer300mlcup3window4inner250mlcuppart
5nail
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CoccidentalisemergenceEachemergencetrapFigure1
consistedofa300mlCorningTMpolypropylenecupwith
bottomandtwo2x1cmwindowscutoutandlidanda250
mlFalconTMpolypropylenecupwithbottomcutoutand
tophalfcutoffheldtogetherbyanailTheventilationwin
dowswerecoveredwithscreening30meshescmTheinner
surfacesofthe300mlcupandlidwerecoatedwithTangle
footThetrapsweredesignedtoallowthepupaetowriggle
uptheinner250mlcuppartfreeofTanglefootand
emergetheadultsthenflewupwardandbecamestuckonthe
stickysurfacesThistrapsampled17cmlargerconical
emergencetrapsegDavies1966werenotnecessarybe
causeofthehighdensityofCoccidentalisatBoraxLake
Thetrapsusedinthepresentstudywereinconspicuousless
subjecttovandalismeasilytransportableinexpensiveand
quicktoconstruct

Emergencetrapswereplacedalongtheshorejustabove
thewaterlineofthepondandBoraxLakeLateralposition
ofthetrapswasselectedwitharandomnumbertableTraps
wereembedded15cmintothemudtopreventmigrationinto
theareaunderthetrapFourtotentrapsweresetatboth
locationstwiceweeklyfromMay3toJuly5July31to
August28September14and18October5toNovember6
approximatelyweeklyfromMarch9toApril24andon
December4Trapswereremovedafter3to5dayssufficient
timefortheadultstoemergefromthepupaeAfterretrieval
trapsweresealedinplasticbagsimmediatelytransportedto
thelabandfrozenuntilcountedbyremovingadultswith
forceps

SeasonaldataonemergenceatBoraxLakewereobtainedas
describedaboveWeeklymeanairtemperatureswerecomput
edfromNationalWeatherServicedataMajoremergence
peaksandthetimeintervalsbetweenthemweredetermined
fromFigure2andthemeantemperatureduringeachinterval
wascalculatedThermalinputindegreedaysforacomplete
lifecyclewascalculatedbymultiplyingeachtimeintervalin
daysbythemeanintervaltemperatureless5Ctheassumed
developmentalthresholdThis5Cthresholdwasusedbe
causeitallowedtheleastvariationincalculationsofthermal
inputJohnsonetal1979

Dielemergenceatthepondwasmonitoredbysettingand
removing10emergencetrapsevery2hrsfrom0900Septem
ber27to0900September28Adultsinthetrapswerere
movedandpreservedin90ethanolTimesofsunriseand
sunsetmoonriseandmoonsetatthepondsitewererecorded
Physicalmeasurementsweretakenatstandardlocationsevery
hour temperaturesairpondwaterandshoremudwere
measuredwithamercurythermometerrelativehumidities
withacertifiedhygrometerandwindspeedswithananemom
eterKurzInstrumentsModel441M

Chanceobservationsandcollectionsmadewithrapid
swingsofaninsectnetandpreservedin90ethanolofadult
aggregationsweremadesporadicallyduringtheyearOn
October4matingswarmaggregationsweresystematically
observedforlocationcharacterofsubstratebeneathswarm
timepresentsizeshapeheightanddiameterNineswarms
werecollectedonthisdate

RESULTSANDDISCUSSIONNoneoftheexperimental
treatmentstriedin1979provedeffectiveenoughtobecon
sideredforpracticaluseinthecontrolofCoccidentalis
DespitethetreatmentsemergencepatternsofCoccidentalis
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remainedsimilaratthetreatedandcontrollocationsFigure
2Larvalnumbersdeclinedtemporarilyafterthetemephos
treatmentFigure3butthischangewasnotofthemagni
tudenordurationnecessaryforpracticalcontrolTemephos
hadnoapparenteffectonpupalnumbersFigure3The13t
israelensistreatmentalsowasineffectiveaslarvalnumbers
actuallyincreasedfollowingtreatment

ThediscouragingresultsoffieldtestsatBoraxLakemaybe
attributabletothewatershighpHca100whichdegrades
somechemicalcompoundstotheabundanceofmacrophytes
andalgaewhichtendtoadsorbcompoundsandtothehabits
oftheCoccidentalisAlargeproportionofthelarvaeand
pupaestayinthemudandarethusprotectedfromthehighest
concentrationsofthecontrolagents

Figure2indicatesCoccidentalisemergedintothetraps
fromMarch16toNovember13slowlydevelopinglarvaeare
theoverwinteringstageofthisspeciesatBoraxLakeThe
emergencecountsincreasedordecreasednoticeablyata
meantemperaturethresholdofca15CNoemergenceoc
curredbelow8CNelsonandBellamy1971notedthat
temperaturesbelow10Cappearedtosuppressflightactivity
ofCoccidentalisinKernCountyCaliforniaTemperatures
below10Ccouldinhibittheupwardflightnecessaryfor cap

tureintheemergencetrapsorcoulddirectlypreventemer
gence

Table1indicatesthegenerationtimewasshortest30days
duringthesummermonthsAveragethermalinputforacom
pletelifecyclewas536degreedaysThesethermalinputfind
ingsmightbeusefulinpredictingwhenduringayearCocci
dentaliscouldbecomeaseriousproblem

ThemajorityofCoccidentalisemergenceonSeptember
2728Figure4occurredaftersunset1708hrs00crep
unitsandpeakedduringaperiodoffullmoonlightat1930to
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2120hrs53to95crepunitsNoemergencepeakoccurred
aboutsunrise0736hrs00crepunitsThepeakperiodsug
geststhatonthisdateCoccidentalisemergencewaspositive
lyaffectedmorebyfullmoonlightthanbysunriseorsunset
NelsonandBellamy1971foundthatforflightactivityof
Coccidentalismoonlightcouldobscuretheusualsunriseand
sunsetactivitypeaks

Ifemergencewereonlydependentonlightintensityor
changesinlightintensityapeakshouldhaveoccurredabout
sunriseInthesummermonthsmanynewlyemergedindivid
ualsteneraladultswereobservedinearlymorningatBorax
LakeTheabsenceofasunriseperiodemergencepeakinthis
dielstudywasprobablyattributabletotemperatureaslowas
10CFigure5

Themajorityofthedielemergence1800hrsto2200hrs
wasatatimeoflowwindvelocity10msecandrising
relativehumidity40to80Malesandfemalesemergedat

Table1DatesofmajoremergencepeaksofCoccident
alistimeintervalsbetweenthesepeaksandthermalinputs

EmergencePeaks PeakIntervals ThermalInputs
Dates Days DegreeDays

March31

May17
June28

August2
September3
October3

48

42

35

32

30

i 38

10 5

369

640

641

529

500

536

Figure4Dielemergence10traptotalsofCoccidentalisonSeptember27281979atthepondUppergraphcentered on

sunriselowergraphcenteredonsunsetCrepuscularunitsasdefinedinNeilson1961
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Figure5Uppergraph24hremergence10traptotalsofCoccidentalisonSeptember27281979atthepondLower
graphtemperaturesofairpondwaterandshoremudatthepond



generallythesametimesalthoughfemalesoutnumberedmales
at2000hrs41to30andat2200hrs12to3The24hr
emergencetotaloffemalesoutnumberedmales92to67

TwotypesofadultCoccidentalisaggregationswereob
servedonetypecomposedpredominantlyofmalestermeda
matingswarm andanothertypecomposedonlyoffemales
Onefemaleaggregationwaspresentduringtheentireemer
genceseasonatleastduringdaylighthoursatagaseousvent
onthesoutheasternsideofBoraxLakeThreecollections
fromabovetheventondifferentdatescontainedonlyfemales
Thefemalescomingtothisspotwereprobablyrespondingto
CO2emittedfromtheventNelson1965showedthatCO2
wasanattractantforfemaleCoccidentalisinKernCounty
althoughsomemaleswerealsoattracted

Matingswarmswerecomposedpredominantlyofmalesof
2678individualscollectedinthenineswarms2668were
malesThreeoftheswarmscollectedcontainednofemales
Presumablywhenafemaleenteredamatingswarmshealmost
immediatelycontactedamaleDownes1955AtBoraxLake
joinedcoupleswereobservedtofalldownoutoftheswarms
andrestuprightonthesubstratefacinginoppositedirections

OtherinsectswerecollectedinCoccidentalisswarmsIn

oneswarm1735hrsOctober406to12moveralightgray
gravelroadweretwospeciesofchironomidsincludingPara
lauterborniellaspOtherswarmscontainedcecidomyiids
empididsaphididscicadellidsandephemeropterans

Mostswarmingoccurrednearsunset1803hrsatBorax
LakeonOctober4swarmingcommencedat1728hrs13
crepunitsandhadceasedatallbutonelocationby1930hrs
21crepunitsMostrecognizableswarmsconsistedof20to
20000individualswerecolumnarinshapewere06to30m
indiameterandoccurred06to60mabovethegroundThe
majorityofswarmsobservedwerewithin30mofthelakeand
allwerewithin150mSwarmsfrequentlyformedalongthe
shoreattheinterfaceofbarebrightwhitesaltdepositsanda
coverofdullgreensaltgrass1istichlisspicataLGreene
Thisinterfacemayhavefunctionedasanoptischemarke
asdefinedinCampbellandKettle1979towhichtheCocci
dentalisorientedMatingswarmsalsoformedoverpickup
trucksalightcoloredinsectnetandtheobserversheadOn
October26amatingswarmofabout100individualsformed
overabluetruckat1000hrsThiswastheonlymatingswarm
ofCoccidentalisseenduringthemorning
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INTRODUCTIONOFSCORPIONSTOORANGECOUNTY

INTRODUCTIONOverthepastfewyearstheOrange
CountyVectorControlDistricthasbecomeawareofaprob
lemofapparentlyincreasingoccurrencethatbeingtheim
portationofpoisonousscorpionsCentruroidessculpturatus
intotheOrangeCountyarcaThisimportationisnotablefor
anumberofreasonsForemostisthereputationthisscorpion
sharesasbeingdeadlypoisonousAlthoughthisimplies
deathmayoccurtoanystrickenpersonthisusuallyisnotthe
caseAsaruleinfantsandagedpersonsarethepersonsmost
susceptibletothisscorpionssvenomMostpersonsingood
healthwillsurviveenvenomationfromastingwithoutserious
consequencesSecondlytheintroductionofthisscorpionhas
occurredfrequentlyenoughthatwehaveconetoexpectit
eachsummerFromourobservationsandinvestigationswe
feelanobligationtoalertappropriateagenciesvectorcontrol
districtsandhealthdepartmentsandinformthepublicabout
thisproblemaswellasprovidesomepreventativemeasures
Thefollowingdiscussionisasummaryofourfindings

INVESTIGATIONSincethefallof1975theDistricthas

identifiedfiveCentruroidessculpturatusscorpionsbroughtin
fromthepublicAtfirsttheoccurrenceseemedtofitapat
ternthescorpionswereusuallyencounteredinthefalland
withoutexceptionallhavebeenfoundinsidehousesThisled
ustobelievethatthescorpionshadbeenbroughtinduringthe
latterpartofthesummerandfoundtheirwayintothehomes
fromthegaragearcawherecampingequipmentisusually
storedItappearshoweverafteranumberofinterviewsand
communicationwiththeresidentsthatthescorpionsmay
havebeenbroughtinearlierinthesummerwiththeexcep
tionofoneandmovedintothehomeasaresultofthefirst
coldweatherinOctoberandNovemberAchronologyofthe
occurrencesisthefollowing

September41975 GardenGrove

October1976 HuntingtonBeach
November151977 FountainValley2specimens
January61978 FountainValley
October171978 Anaheim

Thetendencyofthesescorpionstoseekshelterduringcold
periodsisunquestionedanditsabilitytoclimbstructures
treesorenterhomesiswellknownTocompoundthings
furtherourfearshavebeenthatthisspeciescouldestablish
itselfinthecountyThispossibilityhasbeenconfirmedtous
byDrStanWilliamsofSanFranciscoStateUniversity

MODEOFINTRODUCTIONIngeneralitisbelieved
thatscorpionsfindtheirwayintootherareasbywayofcon
cealmentinrolleduptentscampingequipmentetcIndeed
wearecertainthefirstscorpionweidentifiedarrivedinthis
mannerourinvestigationsrevealedthatinallcasesthescorpi

RudyGcck

OrangeCountyVectorControlDistrict
PostOfficeBox87SantaAnaCalifornia92702
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onsweretransportedinbyeitherthepersonfindingthescor
pionorbytheirneighborsinadvertantentlyThedifferences
inpresentdaycampingstylesandequipmentsuggeststhat
thereareothermodesofintroductioninadditiontothosepre
viouslymentionedThisisborneoutbythefactthatasub
stantialpercentageoftheresidentsintheareaswherethese
scorpionshavebeenfoundeithergocampinginmotorhomes
orpickuptypecampersThisappliestomostofthecounty
andSouthernCaliforniaaswellInessencetheboominRV
travelhasresultedinunprecedentednumbersofpeoplegoing
outtothedesertareasofSouthernCaliforniaandArizonain

cludingtheirmutualboundarytheColoradoRiverAlthough
motorhomesandcampersdonotlendthemselvesreadilyto
transportingscorpionsitemssuchastrailersdothetype
usedforhaulingmotorcyclesanddunebuggiesManyofthese
trailershaverampswhichareleftdownduringthecampers
stayThispermitseasyaccessintothetrailerswithmuchpara
phernaliatotakerefugeinThisisthesuspectedmodeof
introductioninsomeofthecaseshoweverwearenotexclud
ingotherpossibilitiesBecauseofthetremendoususeofthe
desertsandColoradoRiverareabycampersandtheirdiverse
activitiestheDistricthastakentheposturethatinforming
thepublicofthepossibilityofbringinginthisscorpionisthe
bestmeansofcopingwiththeproblem

PREVENTIONANDCONTROLPublicawarenesshas

beenaccomplishedbysubmittingpressreleasestothelocal
newspapersThearticleadvisesthepublicofprecautionary
stepstotakepriortodepartingforhomeAlthoughthearticle
isaimedprimarilyatCentruroidcsscorpionswemention
otherarthropodsandsnakesetcbecausetheymayalsobeun
welcomeguestsThisyearwewilladdtothisbyprintingup
bulletinsfordistributiontomotorcycleandoffroadvehicle
clubsandtrailerstorageyardsIntheeventthatascorpionis
founditisessentialtoinquirewhetherthathomeownerhas
beenvacationingandwhereIftheprobablesourceisaneigh
bortheyshouldbetactfullyinformedofthepotentialhazard
theyarecreatingDetectionwithinaneighborhoodisvirtually
impossibleduetothecreaturesnocturnalandreclusivehabits
Thebestremedyistorecommendpesticideapplicationin
theyardandaroundthefoundationofthehomeSeveralgen
eralpurposeinsecticidesareregisteredforthistypeofappli
cation

CONCLUSIONTheintroductionandestablishmentofa

potentiallydangerousscorpionisaveryrealpossibilitywithin
theSouthernCaliforniacoastalregionincreasedrecreational
useoftheareaswherethesescorpionsoriginatecanonlyserve
toincreasethispossibilityInviewofthistheOrangeCounty
VectorControlDistrictiscertainthatotherSouthernCaliforn

iacountieswillexperiencethisproblemItishopedthatthis
paperwillserveasanalerttoapotentiallyseriousproblem



DEVELOPMENTSINTRIALSINCALIFORNIAONANIMALWASTEMANAGEMENT

PRACTICESINRELATIONTOMOSQUITOCONTROL

JLMeyerlandEHOlson

Usingwatertomovedairymanuretoastoragepondis
economicalefficientcleanmosquitoescanbecontrolledand
theprocesscanbeautomatedIntheCentralValleysofCali
forniarecyclingofnutrientsfromwastepondsbyirrigationof
cropshasgainedwideacceptanceandisthemosteconomical
andpollutionfreemethodyetdeveloped

In1970afewdairieswereusingwastepondstocapture
wastefrommilkingparlorsAbout10percentoftheanimal
wasteoccursduringcattleholdingandwashinginpreparation
formilkingTheadventofpollutioncontrolregulationsin
1970createdaneedforresearchinpondsealingcropnutri
entrequirementswithmanuremosquitocontrolandpreven
tionofmanuredwaterfromenteringwaterwaysorground
watersupplies

Manurepondswerefoundtobeselfsealingafterresearch
inaseriesofpondsundersandtoclaysoilconditionsManure
andtheanaerobicbyproductsformedanimpermeableseal
Intheearlystagesofdevelopmentofpondsveryfewmosqui
toeswereobserved

Largedairyanimalsproduceabout120wetpoundsof
wasteperdayThiswastecontainsvaluablenutrientsThese
nutrientswhenappliedtocroppedsoilsattherateof3to5
cowsacreyearwerefoundnottocausegroundwatereutrophi

1UniversityofCalifornia
2StanislausCountyFarmAdvisor
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cationandsupplyalargeportionofcropnutrientrequire
ments

Dairymenfoundpondssoefficientmanybegantoflush
wastefromfeedingandloafingareasMuchlargeramountsof
manuresolidsupto100poundscowdaywereflushedinto
theholdingpondsThesolidsintheformoffibercancreate
odorandfloatingmaterialsonpondsAtthispointintime
mosquitoesbegantobreedinthefloatingmaterialsinliquids
nearweedybanksandinallprobabilityatypeofmosquito
developedwhichwasabletoreproduceinthesalineanaerobic
pondsWeedcontrolonthebanksbecamenecessary

Solidsseparatorsbegantobeusedtoremovethelarge
materialThesolidsseparatorshavemateriallyreducedfloating
materialsandmosquitobreedingThefiberousmaterialsare
sundriedandmaybeusedforbeddingtheliquidswithnutri
entsarereturnedtothesoilasfertilizeronneralyallCentral
Valleydairiestoday

Otherthanoilsurfacecontrolinholdingpondsmorefre
quentirrigationfromthepondsisamanagementtoolavailable
todairymenandpoultrymenformosquitocontrol

Wehaveconcludedthatweedbankcontrolfiberremoval
andirrigationintervalsoftwotothreeweeksfromtheponds
arethebestmanagementpracticesOnlyoccasionalpond
treatmentisthennecessary



GRAYLODGEWILDLIFEAREACALIFORNIA CONTINUINGSTUDIESOF

MOSQUITOPRODUCTIONANDCONTROL

GordonDHanna

UniversityofCalifornia
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ABSTRACT

Studiestowarddevelopinganintegratedcontrolprogram
againstaedinemosquitoesprincipallyAedesmelanimonand
lodesnigromaeulisbeguninAugust1978werecontinuedin
1979PreviousworkwasreportedbyHanna1979andan
historicalperspectivewasprovidedbyLusk1979

Tentativeconclusionsorfindingsinthisongoingstudyin
cludethefollowing
aAbasicdistinctionbetweenfieldswithsparseemergent

vegetationandthosewithdenseemergentvegetationis
centrallyimportantforbothexperimentalandcontrol
purposes

bForfieldswithsparseemergentvegetationtreatmentwith
Ganibusiaaffinisatastockingrateof1fibfishpersurface
acreoffieldpondresultedinatleasta75reductionin
aedinelarvalpopulationsascomparedtocontrolfields
Thiseffectwasequivalenttotreatmentwith2granular
chlorpyrifosat2IbperacreNosignificantdifferences
werefoundbetween1lbperacreand3lbperacreG
affinisstockingratesforthesefields

cForfieldswithdenseemergentvegetationresultsoftreat
mentwithbothGaffinisandchlorpyrifoscontinuedtobe
ambiguousduetothehighvariationinlarvaldensitiesbe
tweenfields

dRelativelylowlarvaldensitieswereassociatedwithspecific
fieldscontainingdensegrowthofwatergrassEchinoehloa
erusgalliHoweverthisassociationmayhavebeendueto
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fieldlocationratherthanvegetationtypeandfurthertest
ingisnecessaryWatergrassisanimportantspeciesencour
agedinwildlifemanagement

eIntensiveandextensivesamplingthroughouttwoseasons
indicatedthatformostfieldsatleast75ofthelarvae

werelocatedwithin50ftoftheedgeofthefieldpond
Exceptionsoccurredwherefieldswereslowlyflooded
andorwherealargeamountofhighgroundwasleftun
floodedwithinthefield

fTreatmentwithchlorpyrifosat2Ibperacrearounda30
ftperimeterswathratherthantheentirefieldappearsto
besufficientforadequatecontrolinmanysituationsand
furthertestingofthisstrategyisplanned
Resultsofremovalofperimetervegetationbydiscinga
30ftswathtoenhancefishdispersalintocriticallarval
habitatsandtoenhancepenetrationofchlorpyrifosgran
uleswereinconclusiveFurtherstudiesofthisstrategyare
planned
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