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OnOctober201947JackHKimballwasappointedDis
trictManageroftheOrangeCountyMosquitoAbatement
DistrictthreemonthsaftertheformationoftheDistrictHe
wasmanageruntilMarch301974over26yearsHewasa
SanitaryEngineerbyeducationandexperienceandbrought
thisuniqueexperienceandanengineersattentionforpre
cisionanddetailtotheseoperations

JackservedasPresidentoftheCaliforniaMosquitoand
VectorControlAssociationIncCMVCAin1950and
conceivedandhadprintedfor12yearstheCMVCA
Yearbook HesetupanumberofCMVCAAnnualCon
ferencesandtwoJointNationalConferenceswiththeAmeri

canMosquitoControlAssociation TheCMVCAelected

JacktoHonoraryMembershipin1976andtheAMCA
awardedhimaMeritoriousServiceAwardin1974

JackKimballwaswidelyrecognizedforhisadministrative
andprogramplanningabilitiesHeservedasaconsultantto

JACKHKIMBALL

19131983

ri

theMalariaEradicationDivisionoftheWorldHealthOrganiza
tioninGuatemalaandNicaraguaandhelpedinpreparationof
theManualonLarvalControlOperationsinMalariaPro
grammesinGenevaTheOrangeCountyMosquitoAbate
mentDistrictwasreviewedbytheStateHealthDepartment
in1972anditconcludedthatcertainelementsofthepro
gramoftheOCMADmustberatedoutstandingandthatall
elementsoftheprogramareclearlyabovestandard

HewasanativeCalifornianborninBurlingameonJune22
1913 JackgraduatedfromtheUniversityofCalifornia
Berkeleyin1935withaBachelorofScienceDegreeinCivil
EngineeringHeusedthiseducationinworkingfortheCity
ofPaloAltoCaliforniaStateBureauofSanitaryEngineering
andUSPublicHealthServiceatwhichheattainedtherank

ofMajor
MrJackHKimballpassedawayonJune51983

GilbertLChallet
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GordonSmithwasgraduatedfromtheUniversityofCalif
orniaBerkeleywithaBSdegreeinentomologyandthen
servedtwoyearswiththe14thMalariaControlDetachment
USArmySouthPacificduringWorldWarII

In1946GordonjoinedtheKernMosquitoAbatement
DistrictasDistrictEntomologist Gordonwaswidelyre
cognizedforhistechnicalabilitiesinthedevelopmentofpesti
cideprogramsandmosquitoecologystudiesWhileatKern
MosquitoAbatementDistricthewasveryactiveintheCali
forniaMosquitoControlAssociationCMCAaffairsserving

GORDONSMITH

19181983

iii

aschairmanontheCMCAentomologyandpesticidecommit
teesDuringthe1950shewasinstrumentalindevelopingthe
needforacomprehensivemosquitoresearchprogramand
servedaschairmanoftheCMCAmosquitoresearchcommittee
from1963to1969thecommitteehadbeenformedin1959
toimplementtheresearcheffort

In1957GordonbecamemanageroftheEastsideMosquito
AbatementDistrictandretiredin1973HewasPresidentof

CMCAin1959andwaselectedasanhonorarymemberof
CMVCAin1977EarlWMortenson
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STUDIESTOWARDSTHEMANAGEMENTOFARBOVIRALEPIDEMICS

IOPERATIONALASPECTSANDINSECTICIDESUSCEPTIBILITYDURING1982

GYoshimuraWKReisenMMMilbyandWCReeves

MosquitoabatementdistrictsthroughoutCaliforniaarere
sponsibleforkeepingmosquitopopulationlevelsbelowthe
thresholdrequiredforarbovirustransmissiontomanThe
mostcommonmethodemployedislarvalcontrolsinceitis
themostcosteffectiveapproachwhenconsideringthearea
requiringtreatment Basedonthisstrategypreviousaerial
lowvolumeapplicationevaluationsinCaliforniaweretargeted
againstlarvaeinricefieldsWashinoetal1972Although
areductioninlarvalpopulationdensitywasdemonstrated
noapparentreductionoccurredintheposttreatmentadult
population

Whenlarvacidingmethodsfailstrategiesforthecontain
mentofarbovirusoutbreaksinurbanperiurbanareasempha
sizetheeliminationofinfectedvectorsthroughadulticide
sprayingBreelandetal1980Thisapproachseemsvalid
sinceduringrecentepidemicsthenumberofnewhumancases
andthevirusisolationratefromvectormosquitopopulations
havedeclinedcoincidentallywithaerialutralowvolume
adulticidinginCanadaMandyetal1979andTexasHop
kinsetal1975Thepresentpaperreportsonattemptsto
experimentallysuppressadultpopulationsusingthreereplicate
spraysatthreedayintervalsovera260haonemistudy
area

CulextarsalisCoquillettfemalesegressfromdiurnalresting
sitesshortlyaftersunsetwiththepeakperiodsofbiting
activityoccurringwithinthefirstfewhoursthereafterNelson
andSpadoni1972 Asouraircraftwasnotequippedfor

rThesestudiesweresupportedinpartbyResearchGrantAI3028
fromtheNationalInstituteofAllergyandInfectiousDiseasesGeneral
ResearchSupportGrantIS01FR0441fromtheNationalInstitutesof
Healthandbyspecialstatefundsformosquitocontrolresearchapprop
riatedannuallybytheCaliforniaLegislature

2KernMosquitoAbatementDistrictPOBox9428Bakersfield
CA93389

3DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCaliforniaBerkeleyCA94720

January23261983

nightflyingtheadulticideswereappliedasclosetosunsetas
possibleanticipatingthatsomeparticleswouldremaininthe
treatedareatocontacttheegressingmosquitoesDispersal
studiesconcludedthatpopulationsmaymoveuptoonemile
everythreedaysduringsummerDowetal1975andultra
lowvolumeadulticidingtrialsinTexasMitchelletal1970
notedthatCxtarsalispopulationsrecoveredtopretreatment
levelsafter48hoursThusweanticipatedthat260hawould
betheminimumsizedstudyareaforwhichpopulationssup
pressioncouldbedocumentedpriortoreplacementbyinfiltra
tionThetreatmentareawaslaterenlargedwiththespray
zoneextendedintotheprevailingwindtocounteractdrift

MATERIALSANDMETHODSInsecticidesInsecticides

wereselectedfromthosethatwereregisteredforadulticide
useinCalifornia Asresistancetomalathionwasalready
knowninKernCountythroughoperationalfailuresitwasde
cidedthatchlorpyrifosDursbanMosquitoColdFogging
ConcentrateshouldbetriedResistancetochlorpyrifoswas
encounteredattheJohnDalestudysitepromptingasearch
foralternativecompoundsAlimitedamountofbendiocarb
FicamULVacarbamatebecameavailableinAugustand
wasappliedonceatJohnDalebynonthermalaerosolgenera
torsFollowingthebendiocarbtrialresmethrinSBP1382
MFZ wastestedTheuseofallthreeinsecticideswasap
provedbythelocalCountyAgriculturalCommissioneras
bendiocarbisnotregisteredformosquitocontrolandboth
DursbanMosquitoColdFoggingConcentrateandresmethrin
havenolabelsforaerialapplicationinCalifornia

EquipmentandcalibrationAnAyresThrushCommander
usedforapplyingchlorpyrifosandresmethrinwasequipped
with8UniJetNo80005flatfannozzlespointed90down
Theoutputrateofthenozzleswasmeasuredbyusingexternal
groundsprayequipmentandtheswathwidthwasdetermined
byusingthebioassaymethodCxtarsalisadultsfromthe
Breckenridge1980Br80colonywereplacedinsentinelcages
TownzenandNavtig1973thatwerespacedovera230m
linethatwassetperpendiculartotheprevailingwinddirec
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tionTheaircraftsprayedthestandardlineintothewindat
analtitudeofca9mandataspeedof193kphThespray
pressurewas40psiwithanoutputrateof16512minPost
treatmentmortalityafter24hwasgreaterthan90overa65
mswathyieldingacalculateddosagerateof561gaiha

ThetwoMicrogenED220Acoldfoggerswerecalibrated
withbendiocarbdilutedata11ratiowithKlearolWitco
ChemicalCoandtheoutputratewasmeasuredbycollecting
thedilutedinsecticideinagraduatedcylinderforoneminute
Problemsdevelopedwherebytheflowratewasmuchlessthan
expectedandtheinlinefilterswereremovedtoallowthe
claybasedbendicarbformulationtoflow Thefirstcold

foggerwasmeasuredataflowrateof236mQminandthe
secondwasmeasuredataflowrateof2522m12min

Operationalevaluation Twotypesofsentinels13day
oldBr80andtargetpopulationmosquitoesofunknown
agewereplacedinbioassaycagesinfourannuliwithinthe
260hastudyareatodocumentinsecticidecoverageandeffi
cacyunderfieldconditionsTwelvestandardswerepositioned
withinthesprayzoneandfourcomparisonstandardswere
locatedoutsidethesprayzoneborderSentinelcageswere
alsosequesteredwithinthesprayzonetoascertainspray
penetrationthroughvegetativecanopySequesteredcagesat
PosoWestwereplacedamongsttulesandinpipetrapsNelson
1980whichsimulatedanimalburrowsAtJohnDalecages
wereplacedundertreesandvegetativeunderstorywithinthe
duckclub

Thelocationsofthesentinelcagesduringthecoldfogging
trialwasmodifiedfromthoseusedintheaerialapplications
TransectAlaidoutinanEWdirectionbisectedthenorthern

halfofthestudysiteandconsistedof16sentinelcagesspaced
overthe167kmlengthTransectBalsolaidoutinanEW
directionwaslocatedintheSWquadrantofthesectionand
consistedof10sentinelcagesspacedover06kmTheNS
transectwaslocatedalongtheeasternborderofthesection
andconsistedoffivesentinelcagesspacedalong167kmThe

foursequesteredcageswereplacedamongstthetreeswithin
theduckclub

SusceptibilitytestmethodologyAdultsusceptibilitywas
testedusingthecontactfilterpapermethodGeorghiouand
Gidden1965 TheadultsfromtheBr80colonywere13
daysoldwhentestedwhereasadultsfromthetargetpopula
tionwereofunknownageandwereobtainedusingCDCtraps
Thesefemalesweresortedunderchloroformandallowedto

recoverforadaybeforebeingtested
RESULTSPosoWest chlorpyrifosPosoWestanoil

fieldareasituatedintheSierraNevadafoothillsca16km

northofBakersfieldwaschosenforstudybecausethetarget
populationwassemiisolatedrarelypressuredbyinsecticide
sprayingandthemosquitopopulationhasbeenintensively
monitoredsince1975Theapplicationofchlorpyrifoswas
doneon36and9JuneDuringeachtrialtheinsecticide
wasappliedatanaltitudeof915mduetotherollingterrain
andpowerpoleslocatedwithinthesprayareaAtotalof
227Qofchlorpyrifoswasappliedover260haduringtrials
1and2respectivelyyieldingadosagerateof62gaihaon
bothtrialsOntrial3atotalvolumeof265Qwassprayed

over323hagivingadosagerateof59aiha
SentinelmortalityresultswerecorrectedbyusingAbbotts

formulaandnosignificantdifferenceinmortalitywasnoted
betweenthePosoWestandBr80adultsMortalityofthePoso
Westsentinelssetonstandardswas98and95during
trials1and2respectivelyNosentinelswereexposedontrial
3sincetoofewadultswerecollectedintheCDCtrapsMor
talityoftheBr80sentinelswasgreaterthan90duringthe3
consecutivetrials

ThePosoWestsequesteredsentinelmortalityduringtrial
2was32forcagessetwithinthepipetrapsand75for
cagessetamongstthetuleswithanaveragemortalityof50
Br80sentinelmortalityduringtrial2was20inthepipe
trapsand63incagessetwithintulesforanaveragemor
talityof42 Br80mortalityduringtrial3was13inpipe
trapsand61intulesforanaveragemortalityof41

JohnDale chlorpyrifosTheJohnDalestudysiteca
17kmsouthofBakersfieldwassituatedonthefloorofthe
SanJoaquinValleyandconsistedofperipheralmixedagri
cultureandacentrallysituatedduckclubThistypicalagro
ecosystemwasselectedforstudybecauseoftherecurrent
mosquitocontrolproblemsthatwereconsistentlyassociated
withWesternequineencephalomyelitisvirusactivityChlor
pyrifoswasappliedbyairon1417and21Julyatanaltitude
whichvariedfrom9moverthecroplandtoca30moverthe
treesandhousesTrial1coveredanareaof344hawhereas
trials2and3coveredanareaof349haAtotalvolumeof

26512ofchlorpyrifoswasusedduringeachtrialyielding
dosageratesof5554and54gaiharespectively

SentinelmortalityoftheJohnDaleadultshungfrom
standardsdecreasedfromahighof53intrial1toalowof
40bytrial3whereasmortalityoftheBr80sentinelsre
mainedgreaterthan88throughoutAsimilardecreasein
mortalitywasnotedintheJohnDalesequesteredadults
Mortalitydeclinedfrom36ontrial1to9ontrial3

JohnDale bendiocarbBendiocarbwasappliedbytwo
coldfoggerson17AugustTheattemptedswathwidthofthe
firstcoldfoggervariedfrom0406kmwhiletheswathof
thesecondcoldfoggervariedfrom0408kmThefogging
commencedat37minutesaftersunsetBothfoggerstraveled
ataspeedof8kphwithaspraypressureof5psiAirmove
mentwasminimalthroughoutthesprayperiodwithamaxi
mumwindspeedof5kphrecordedattheterminationof
sprayingThewinddirectionhowevershiftedfromthepre
vailingWNWtotheSEasthesprayingprogressedTempera
turereadingstakenat3and9mshowedamaximumin
versionofonly05C Thetotalvolumeofbendiocarb

sprayedbythe2foggerswas1325Qwhichyieldedanaverage
dosagerateof10gaiha

The12hposttreatmentmortalitywas60forJohnDale
and56forBr80sentinelsattransectAMortalityattran
sectBwas22forJohnDaleand14forBr80Mortality
amongtheJohnDalesentinelswas1forcagesundertrees
and3ontheNStransectNomortalitywasobservedfor
theBr80sentinelspositionedateitherlocation

JohnDale resmethrinTheaerialapplicationofresme



thrinimmediatelyfollowedthebendiocarbtrialResmethrin
wasdilutedinKlearolata13ratioandappliedon1821
and24AugustAtotalof364hawastreatedoneachofthe3
trialsThesprayaltitudevariedfrom930masinthechlor
pyrifostrialsAtotalvolumeof881and72kofresmethrin
wasappliedduringeachtrialyieldingdosageratesof88and
7gaiharespectively

SentinelmortalityoftheJohnDaleadultshungfromstand
ardsdeclinedfromahighof45duringtrial1toalowof
26duringtrial3JohnDalesequesteredsentinelmortality
alsodeclinedfrom23to2 respectivelyBr80sentinels
exhibitedasimilarpatternwitha52mortalityontrial1de
creasingtoa27mortalitybytrial3Mortalityamongthe
sequesteredBr80sentinelswas2duringtrial1and4on
trial3

SusceptibilitystatusThecontactfilterpapersusceptibility
testsoftheCxtarsalisadultstochlorpyrifosbendiocarbres
methrinandresmethrinpluspiperonylbutoxideina13ratio
gavethefollowingpooledresults ThechlorpyrifosLD
valuedeclinedby2XforPosoWestadultscollectedduring
preandpostsprayperiodswhereastheJohnDaleadultswere
16XmoreresistantthantheBr80adultsduringtheprespray
testsandincreasedto23Xforthepostspraycomparison

ComparisonsoftheLDvaluestobendiocarbbetweenthe
Br80andpostsprayJohnDaleadultsindicatedthattheJohn
Dalestrainis3XmoretolerantHoweverwithresmethrin
theBr80adultswere2854XmoreresistantthantheJohn

DaleadultsTheadditionofpiperonylbutoxideloweredthe
LDofthepostsprayJohnDaleadultsby46Xandthe
Br80LDby79XwhencomparedtotheLDvalues
obtainedwithresmethrinalone

DISCUSSIONEvaluationoftheequipmentusedinthe
adulticidingtrialsdemonstratedaclearpreferenceforaerial
applicationmethodsTheaircraftisabletoobtainamore
uniformcoverageoftheinsecticideonthetargetzoneBy
comparisonthecoldfoggerrequiresoptimumweathercon
ditionsforgoodinsecticidecoverageislimitedtotheareathat
couldbecoveredduringalimitedperiodoftimeandisre
strictedtothetypeofterrainoverwhichitcouldbeused
Themaindrawbackwithouraircraftwasthatitwasunableto

flyatnightduringthepeakflightactivityperiodofthevector
species

Thecomparisonofmortalitiesobservedbetweenthe
sentinelpopulationsandtheadultsusceptibilitytestsindicated
thattherewasagoodcorrelationbetweenthetwomethodsof
insecticideexposureAlthoughtheBr80colonywasslightly
resistanttochlorpyrifositservedasareasonablebaseline
forcomparisonswiththenativepopulationsexceptinthe
caseofresmethrin

Thesequesteredsentinelsalwaysexhibitedalowermor
talitythanthosehungfromstandardsintheopen Pre

sumablymortalityamongsequesteredsentinelswasindicative
ofwhatwasactuallyoccurringinthefieldatthetimeof
applicationTherewassomeexposureofrestingadultstothe
insecticidebuteffectivepenetrationwastoopoortosuppress
thepopulation ResistanceoftheJohnDaleadultstothe

insecticidestestedfurthercomplicatedattemptedsuppression
Furtherstudiesareindicatedtosuggestinsecticidesuseful

foraerialapplicationagainstCxtarsalisinintensiveagri
culturalareas
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STUDIESTOWARDSTHEMANAGEMENTOFARBOVIRALEPIDEMICS

IIDYNAMICSANDAGESTRUCTUREOFTHETARGETPOPULATION

WCReevesWKReisenMMMilbyGYoshimuraandRPMeyer

Thereisaneedtodevelopstrategiesforeffectiveprograms
tocontrolepidemicsofwesternequineencephalomyelitis
WEEandStLouisencephalitisSLESuchprogramscan
beinitiatedinanticipationofanepidemicortointerruptan
epidemicIntheeventofanepidemicinCaliforniatheprinci
paltargetofanemergencycontrolprogramwillbetokillthe
olderadultfemaleCulextarsalisthatareinfectedwithvirus

andareorsoonwillbecapableoftransmittinginfectionto
avianhostshumansandequinesThepreviouspaperYoshi
muraetal1983describedthebackgroundandoperational
aspectsofacollaborativeprogramdevelopedtoevaluateour
currentcapacitytoreducethepopulationofadultCxtarsalis
tothresholdlevelsbelowwhichviralinfectioninthebasic

cycleandeffectivetransmissiontohumanpopulationswillnot
occurTheprincipalmethodevaluatedwasULVapplication
ofinsecticidesbyfixedwingsingleengineaircraftascloseas
possibletoduskwhenadultvectorsbecomeactiveThepres
entpaperdescribesthemonitoringoftherelativeabundance
agestructureandviralinfectionratesofthetargetpopulation
ascomparedwithpopulationsinadjacentuntreatedareas
duringthestudyperiodThisisapreliminaryreportandde
tailswillbepresentedinasubsequentpublication

METHODSThestudieswerecarriedoutattwositesPoso

Westasemiisolatednonagriculturalfoothillarea16kmNof
BakersfieldandasiteonthevalleyfloorJohnDalewith
diversifiedagriculturaldevelopment21kmsouthofBakers
field

Ineachtestmosquitoesweresampledovera23dayperiod
andtheadulticideapplicationsweremadeondays912and
15Hostseekingfemaleswerecollectedby12CDClighttraps
augmentedwith12kgofdryicethatwerelocatedwithinthe
sprayzoneandfourmoretrapspositionedmorethan08km
outsidetheperimetertoprovideacomparisonTheindexof
controlwasbasedontheratioofthenumberofCxtarsalis

femalescollectedpertrapnightinthecentraltrapstraps14
andperipheralareasofthesprayzonetraps512ascom
paredtothesurroundingzonetraps1316Previousepi
demiologicalanalysesOlsonetal1979hadindicatedthata
weeklyaverageoflessthanoneCxtarsalisfemaleperNew

ThesestudiesweresupportedinpartbyResearchGrantAI3028
fromtheNationalInstituteofAllergyandInfectiousDiseasesGeneral
ResearchSupportGrantIS01FR0441fromtheNationalInstituesof
Healthandbyspecialstatefundsformosquitocontrolresearchappro
priatedannuallybytheCaliforniaLegislature
2DepartmentofBiomedicalandEnvironmentalHealthSciences

SchoolofPublicHealthUniversityofCaliforniaBerkeleyCA94720
3KernMosquitoAbatementDistrictPOBox9428Bakersfield

CA93309

JerseylighttrapnightwouldsupportWEEvirustransmission
initsbasiccycleinruralCaliforniaandthattheseasonal
indexshouldbelessthantenpertrapnighttopreventhuman
diseaseThevectorlevelsrequiredforSLEviralactivityare
slightlyhigherSinceCDClighttrapsaugmentedwithdryice
generallycollectthreetimesormorethenumberofCxtar
salisfemalescapturedinNewJerseylighttrapsMilbyetal
1978weconsideredthatCDClighttrapindiceswouldhave
tobereducedtolessthan30femalespertrapnighttoassure
thatWEEviruswouldnotbetransmittedtoasusceptible
humanpopulation

Restingmosquitoeswerecollectedfromthecentralspray
zoneconcurrentlywithearlymorninglighttrappickupsAt
PosoWestwheremostmosquitoesrestedinrodentburrows
mosquitoeswerecollectedfromfivesmallredboxeseight
pipetrapsandeightegressconetrapsplacedinthemouthof
rodentburrows AttheJohnDalesitewheremosquitoes
restedinvegetationcollectionsweremadefromnatural
sheltersandalongtreerowunderstoryfortimedperiods
usingabatterypoweredaspiratorAdditionalspecimenswere
collectedfrom810cardboardboxsheltersplacedinvege
tationRestingabundancewasexpressedastotalspecimens
collectedperdaypersamplingunitandthuswascomparative
withinexperiments

FortyCxtarsalisfemalestrappedfromeachofthethree
sprayandcomparisonzonesweredissectedtodetermine
paritystatusSinceautogenyseriouslyalterstheparitystatus
ofthehostseekingpopulationthatissampledbydryiceaug
mentedlighttrapstheincidenceofautogenywasestimated
fromsamplesofpupaecollectedfromrepresentativebreeding
siteswithinoradjacenttothesprayzoneFiftyemerging
femalesfromeachcollectionwereoffered10sucrosefor

710daysandthendissectedtodeterminethestateofovarian
development

ExtensivebreedingoccurredatPosoWestandimmature
abundancewasmonitoredbytaking20dipsalongeachof
threetransectswithinthecentralsprayzoneSimilarsites
couldnotbefoundatJohnDale

IneachtestCxtarsalisadultsfromthesprayzoneandsur
roundingareasweremarkedwithidentifyingfluorescentdusts
andreleasedinthecenterofthestudyareasfourdaysandone
daybeforethefirstinsecticideapplicationTherateofre
captureofsurvivingmarkedadultsofknownorigininthe
sprayzonebeforeandafteradulticidingprovidedonemeasure
ofcontrolsuccess

Theincidenceofarboviralinfectioninthetargetpopula
tionwasmonitoredbyviraltestsofatleasttenpoolsof50
Cxtarsalisfemaleseachcollectedbeforeandafterspraying



RESULTSAdequatespraycoveragebyallthreeadulti
cidesresultedinasuppressionoftheratioofadultsinthe
centralsprayzoneascomparedwiththeunsprayedzoneto
lessthanone Thedegreeofsuppressionandtherateof
declinewasrelatedtotheinsecticidesusceptibilitystatusof
thetargetpopulationAtPosoWestwherethetargetpopula
tionwassusceptibletochlorpyrifosthedegreeofcontrol
reachedaratiobelow075afterthefirstspraywhileatthe
JohnDalesitewhereresistancetoallthreeinsecticideswas

encounteredrepetitiveapplicationswererequiredtoattain
detectablesuppression Inalltrialsthesuppressionwas
extremelyshorttermandpopulationindicesrapidlyrecovered
toprespraylevelsaftersprayingterminatedThetransient
natureofthesuppressionwasespeciallyevidentattheJohn
Dalesitewherethepopulationindexrecoveredappreciably
thenightfollowingapplication

ThemeannumberofCxtarsaliscollectedpertrapnightin
thecentralzonedecreasedsignificantlyduringthespray
periodinalltrialsHoweverthetrapcountsneverdropped
belowtheaverageof30femalespertrapnightdesiredtocon
trolviralactivity Suppressionoftheadultpopulationin
sheltersparalleledthedegreeofsuppressionofthelighttrap
indicesThereductioninrestingpopulationspersistedinto
thepostsprayperiodsinalltrials

Parityratesremainedhighinalltrialsanddidnotdecrease
appreciablyaftersprayingThehighparityratesinbothareas
reflectedthehighautogenyratesof84and88to100at
PosoWestandtheJohnDalesiterespectively

LarvalcontrolwasgoodatPosoWestastheprespray
countsof50larvaeandtwopupaeperdipdeclinedtoone
larvaandnopupaperdipafterthefirstsprayanddidnotre
coverduringthestudyperiod

TherecaptureratesofdustedCxtarsalisadultsreflected
theinsecticideresistanceofthelocalpopulationwhichhad
beenmarkedandreleasedAtPosoWestfewfemaleswerere

capturedafterthefirstspraywhilethedeclineintherecap
turerateswasnotacceleratedfromtheexpectedsurvivorship
curvesNelsonetal1978duringthebendiocarbresmethrin
trialsatthevalleysite

Despitetheminimallevelofcontrolbytheapplicationof
bendiocarbandresmethrintheminimumWEEinfectionrate

decreasedfrom107to21infectedCxtarsalisper1000con
currentlywiththesprayapplicationsTheinfectionratesin
creasedatthesametimeinnearbyareasTherewasnosigni
ficantreductioninHartParkandTurlockviralinfectionrates

coincidentaltothecontrolprogram
DISCUSSIONTherapidrecoveryoflighttrapindicesand

consistentlyhighparityratescouldbeexplainedbyarapid
immigrationintosprayedareasofhostseekingfemalesthat
hadrecentlyovipositedautogenouseggsPriormarkrelease
studiesDowetal1965andearlierULVapplicationsof
malathionforadultCxtarsaliscontrolinTexasinareasas

largeas65kmHayesetat1971Mitchelletal1969
Mitchelletal1970hadindicatedthiscouldbeaproblemIt
washopedtoovercomethisprobleminthepresentstudies
withthreesprayapplicationsatthreedayintervalsandthe
selectionofthesemiisolatedPosoWestareaasonestudysite

AtPosoWestthetargetpopulationwasisolatedbydryhills
onthreesidesandallmajorbreedingsitesthatcouldbefound
werelocatedwithinthesprayzone Despiteessentiallya
100killofthelarvalpopulationandananticipated98kill
oftheresidentadultpopulationfemaleabundanceinthe
centralsprayzonecontinuedtorangefrom22to72females
pertrapnightThisissufficientforthepersistenceofarbo
viraltransmissionFutureevaluationstudieswillhavetobe

targetedatcompletelyisolatedpopulationsormustencompass
largeenoughareastodocumentpopulationreductionand
interruptionofviraltransmissionpriortomassiveimmigra
tionsItprobablywouldaddtotheeffectivenessofadulti
cidingprogramsifsprayapplicationscouldbegin30minutes
aftersunsetwhenadultCxtarsalisbegintheirmaximumflight
activityUnfortunatelypresentlyavailableaircraftwerenot
adaptabletothisschedule

Thedifficultiesindocumentingpopulationsuppression
werecompoundedbyaninabilitytodemonstrateshiftsinage
structureoffemalescollectedintraps

ThepreviouspaperYoshimuraetal1983gavedetailsof
theproblemsencounteredwithinsecticideresistanceatthe
JohnDalesiteIfthisCxtarsalispopulationisrepresentative
ofthesouthernSanJoaquinValleyitcanbeanticipatedthat
interruptionofarboviraltransmissionbyadulticidingwith
anyofthecompoundstestedwillbemarginallyeffectiveand
thatitwillnotbecosteffectiveInadditionitcanbeanti

cipatedthatrepetitiveadulticidingpressureswillrapidlyen
hancethelevelofresistanceofthepopulation Itisen

couragingthatadulticidingmayhavereducedWEEviral
activityinthepresentstudy

Inconclusionthepersistenthighlevelofarboviralactivity
invectorpopulationsincloseproximitytocentersofhuman
populationcontinuestoposeapotentialpublichealthpro
bleminCaliforniaandresistanceofCxtarsalispopulations
toallmajorgroupsofcommerciallyavailableadulticides
continuestobedocumentedItmustbeconcludedthatthe

establishmentofeffectiveprotocolsformanagementofWEE
andSLEepidemicsremainsunresolvedandmusthaveahigh
priorityinfutureresearch

ACKNOWLEDGEMENTSWeespeciallythankHCle
mentKernCountyMosquitoAbatementDistrictforcon
tinuingsupportofmosquitoresearchinKernCountyWealso
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During1982therewere210patientssuspectedofhaving
encephalitiswhoweretestedforwesternequineencephalo
myelitisWEEandStLouisencephalitisSLEatthe
CaliforniaDepartmentofHealthServicesViralandRickettsial
DiseaseLaboratoryVRDLoratoneofthesixcountypublic
healthlaboratorieswhichprovidethistestingserviceTable
1Inadditiontotheserologicdiagnostictests13human
brainsamplesweretestedforarbovirusesbyinoculationinto
sucklingmice

OnecaseofWEEwasdetectedduringtheyeara14year
oldboyfromSanBernardinoCountywhobecameillJuly21
whileinFloridaHewashospitalizedJuly23inFtLauder
daleStudiesthereruledoutEasternequineencephalomyelitis
EEEVenezuelanequineencephalomyelitisVEESLE
CaliforniaencephalitisCEdengueandvariousotherviruses

1ViralandRickettsialDiseaseLaboratorySectionCalifornia
DepartmentofHealthServices

2DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCaliforniaBerkeley

3VectorBiologyandControlSectionCaliforniaDepartmentof
HealthServices

4VeterinaryPublicHealthUnitInfectiousDiseaseSectionCalifor
niaDepartmentofHealthServices

sCenterforHealthStatisticsCaliforniaDepartmentofHealth
Services
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OlsonJGWCReevesRWEmmonsandMMMilby1979
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SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASE

RichardWEmmonsMarilynMMilbyPatriciaAGillies
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butnotestsweredoneforWEEThepatientwastransferred
toSanBernardinoCountyinlateAugustandtestsbytheSan
BernardinoCountypublichealthlaboratoryshowedacom
plementfixingCFantibodytitertoWEEof164single
bloodSubsequentlytestsbytheStateVRDLusingserum
samplescollectedinFloridaJuly24andAugust3andinSan
BernardinoAugust28confirmedrisingWEEantibodytiters
asfollowsCF18 116 132IFA1812048

18192andIFAIGM18181921128Theboyhad
traveledextensivelyinthemonthpriortoonsetofillnessthe
ColoradoRivernearParkerArizonaFtWorthTexasback
toBigRiverSanBernardinoCountyontheCaliforniasideof
theColoradoRiveroppositeParkerArizonathentoMiami
andFtLauderdaleFloridawherehebecameillItcannotbe

statedwithcertainlywhereinfectionwasacquiredbutthe
ColoradoRiverareaisthemostprobablesite

TwentyfiveclinciallysuspectequinecasesofWEEfrom16
CaliforniacountiesandoneArizonacountyweretestedsero
logicallyduringtheyearInaddition12equinebrainsamples
weretestedinsucklingmiceFourcaseswerediagnosedas
WEEthreefromCaliforniaandonefromArizona1a
sevenyearoldfemalequarterhorsefromFresnowithonset
June14offeverposteriorparesislastingseveraldaysand
othersignstypicalofWEEthencompleterecoverythehorse
hadnotbeenvaccinatedduringthepasttwoyearsbutprior
tothathadbeenvaccinatedseveraltimestheWEECFanti
bodytiterrosefrom132onJune14to164onJuly1and
indirectimmunofluorescenceantibodytiterswere18and



Table1NumberofhumanstestedserologicallyforWEEandSLEbycountyandmonthofonset1982

COUNTY TOTALSJANFEB MAR APR MAY JUN

Alameda

Butte

ContraCosta

ElDorado

Fresno

Humboldt

Imperial
Inyo
Kern

Kings
Lake

LosAngeles

Mendocino

Merced

Napa
Nevada

Riverside

SanBenito

SanBernardino

SanDiego
SanFrancisco

SanJoaquin

SanLuisObispo
SantaClara

SantaCruz

Shasta

Sierra

3

8

2

13

8

3

5

3

8

3

1

19

1

10

1

1

2

1

43

29

3

5

Sutter 3

Tehama 3

Tulare 1

Ventura 3

Yolo 2

TOTALS 210 1

1

1

1

10 1 2

3 1

8 1

4 1

1

1 1

3 1

2 1

1

1

1

1

2

4 14

1512respectivelythehorsehadnotbeenoutofthearea
fortwoyears2afivemontholdcoltfromnearBlytheon
theColoradoRiverIndianReservationYumaCountyAri
zonawasillJune2022butrecovereduneventfullyThe
WEECFantibodytiterrosefrom116onJune24to1256
onJuly8andtheWEEIFAantibodytiterrosefrom132
to11283aneightyearoldmarefromBlytheRiverside
CountywithonsetofillnessAugust3hadahighstationary
titer164ofWEECFantibodyand1512ofWEE1FA
antibodyseratakenAugust16andSeptember10thehorse
recoveredcompletely therewasnohistoryofvaccination
foratleasttwoyears4asixmontholdunvaccinatedcolt
fromBakersfieldKernCountyhadonsetSeptember7of
feverdepressionandataxiaandbloodsamplestakenSeptem
ber21andOctober5showedrisingWEECFantibodytiters
of18to132andWEEIFAtitersof18to1128Re
coverywascomplete

2 1 20

3 6 3

2

1

1

1

1

1

1

JUL AUG SEP OCT NOV DEC UNK

3 4 2 3

1 5 2

1 1

1

1 2 1 1 1 2

1 1

2 5 3 4 1 3

1

1

1

4 2 1

1

1

7 6

7 3

1

1 1

1 1 1 2 1

1

1 1 1 2 1

1 1 1

1 1

2 1

2

1 1

1

1

1 2

2 4 1

3 4

16 19 51 35 30 18 13 9

7

AfifthhorsefromOjainorthernVenturaCountywhich
expiredafteranencephalitislikeillnesshadasingleserum
sampletestedwhichhadWEECFantibodytiterof164
andWEEIFAantibodytiterof1512Howeverthehorse
hadaWEEboostervaccinationinMarch1982sothesigni
ficanceoftheantibodytitersisuncertainandthecaseisnot
consideredtobevalidAnautopsybrainsamplefromthis
horsewasinoculatedintosucklingmicebutfailedtoyield
virusSeveralothersuspectequinecasesalsohadstationaryor
singlesampleWEEantibodytiterswhichwereconsideredmost
likelytobeduetopreviousvaccinationsotheyalsoarenot
includedaspresumptiveorconfirmedcases

ResearchcontinuesintheVRDLtodevelopanindirectFA
testforWEEIgMantibodyinequineswhichwilldistinguish
betweencurrentandpastinfectionsanalogoustotheutility
ofsuchatestfordiagnosingcurrenthumancasesofvarious
viraldiseases
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Table2Numberofmosquitoesandpoolstestedduring1982bytheViralandRickettsialDiseaseLaboratorySectionbycountyandspecies

County Ctarsalis Pools Cpipiens Pools Cpeus Pools

Mosquito Mosquito Mosquito

Butte 4669

Colusa 1568
Fresno 95
Glenn 1170

Imperial 6675
Kern 39336
Kings 420

LosAngeles 96

Marin 884
Merced 628

Orange 171

Placer 228

Riverside 12071
Sacramento5073
SanBernardino847
SanJoaquin 628

Shasta 290

Stanislaus 1521
Sutter 6119
Tchama 241

Tulare 14727
Ventura 310
Yolo 3154
Yuba 3265
Arizona 22

aCulexerythrothorax
bAedesdorsalis

95
32

2

24

153
802

9

2

19

15

5

5

248

113

23

13

7

36

125

6

319
7

65

68

2

734 23
794 17

150 3

352 10

3926 80

243 6

51 2

159 6

30 1

2260 49

19

Themosquitosurveillanceprogramwassupportedagainin
1982bytheUniversityofCaliforniaSchoolofPublicHealth
ArbovirusResearchUnitbyassignmentofMrCharles
CravenstoassistintheVRDLMosquitoeswerecollected
from24CaliforniacountiesandoneArizonacountyand
122498mosquitoesin2592poolsweretestedforvirus
Table2SamplingwasconcentratedonCulextarsalisCulex
pipienscomplexandAedesmelanimon98ofthepools
Therewere477viralisolatesfromthemosquitopools
Tables3 5227WEE109HartPark125Turlockand16
Californiaencephalitisgroup Asusualmostviralactivity
wasinthesouthernhalfoftheStateThelowlevelofSLE

virusactivitywasreflectedinthefailuretoisolateanySLE
virusesandalowseroconversionrateinsentinelchickens

Sentinelchickenflockswerelocatedat25sitesinthe

StateTable6 SeroconversionsforWEEantibodyIFA
techniqueweredetectedin11flocksHighseroconversion
rateswereconcentratedinthesouthernhalfoftheState

Only32413 ofchickensinoneflockinImperialCounty
seroconvertedtoSLE

Individualreportsofsurveillancefindingsweremade

104208 2195 6439 148 2279 50

Amelanimon Pools Other Pools Total Total

Mosquito Species Mosquito Pools

Mosquito

745 17

27 1

7980 162

5414 112

1595 33

95 2

15a 1 1185 25

50b 1 7459 177

48110 981

420 9
96 2

300b 6 1184 25

250 5 1028 23

523 15

228 5

18257 377

5316 119

898 25
628 13
290 7

71 2 1611 39

6119 125

241 6

134 4 15020 329

310 7

3154 65

3295 69
22 2

9207 191 365 8 122498 2592

promptlybytelephoneandaweeklysurveillancebulletin
25issueswasmailedtoprogramparticipantsInaddition
summariesofmosquitosurveillanceresultstabulatedaccording
toMosquitoAbatementDistrictboundarieswereprepared
semimonthlybytheCaliforniaDepartmentofHealthServices
CenterforHealthStatisticsandweredistributedtothose

participatinggroups

ACKNOWLEDGEMENTWethankthemanystaffmem
bersoftheViralandRickettsialDiseaseLaboratorythe
VectorBiologyandControlBranchtheInfectiousDisease
SectionandothersintheCaliforniaDepartmentofHealth
ServicesallparticipatinglocalMosquitoAbatementDistricts
CountyHealthDepartmentstheCaliforniaDepartmentof
FoodandAgricultureprivatephysiciansandveterinarians
andallotherswhohelpedinthesurveillanceprogramThis
programwassupportedinpartbyspecialfundsformosquito
controlresearchappropriatedannuallybytheCalifornia
Legislature



Table3Numberofviralisolatesfrommosquitoestestedduring1982bytheViralandRickettsialDiseaseLaboratorysectionbymosquitospecies
countyandagentisolated

SPECIES COUNTY WEE TURLOCK CALIFORNIAGROUP HARTPARK TOTAL

Cxtarsalis Butte 2 1 3
Imperial 30 3 33
Kern 83 81 82 246
Kings 4 2 6

Orange 1 1
Riverside 7 7 3 17
Sacramento 3 3
SanBernardino 1 3 4
Stanislaus 1 1 2
Sutter 6 2 8
Tulare 81 8 14 103
Yolo 1 1 2
Yuba 5 2 7

Cxtarsalis 206 123 0 106 435

CxpipiensCompxImperial 4 4
Kern 2 2
Orange 1 1
Riverside 1 1

CxpipiensCompx 6 2 0 0 8

Aemelanimon Kern 15 16 3 34

Aemelanimon 15 0 16 3 34

227 125 16 109 477

Table4NumberofWEEisolatesfrommosquitoestestedduring1982bytheViralandRickettsialDiseaseLaboratorysectionbymosquitospecies
countyandmonthcollected

SPECIES COUNTY MAY JUNE JULY AUGUST SEPTEMBER OCTOBER TOTAL MIR1000a

Cxtarsalis Imperial 2 28 30 449
Kern 2 42 38 1 83 211

Kings 4 4 952
Riverside 1 6 7 058
SanBernardino 1 1 118
Tulare 8 58 15 81 550

Cxtarsalis 2 29 11 110 53 1 206

Cxpipiens Imperial 4 4 545

Compx Kern 2 2 252

CxpipiensCompx 0 4 0 2 0 0 6

AemelanimonKern 5 7 3 15 188

Aemelanimon 0 0 0 5 7 3 15

2 33 11 117 60 4 227

aMinimuminfectionrate1000mosquitoes

9
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Table5Viralisolatesfrommosquitopoolstestedduring1982bytheViralandRickettsialDiseaseLaboratorySection

Collected Pool

Month Day Number County Place Species Mosq Agents Isolated

4 28 Chlv17 Riverside Mecca Cxtarsalis 50 Turlock

5

6

6

continued

11 Kern14 Kern OldRiver Aemelanimon 50 CalifGrp
13 Kern5036 Kern Bakersfield Cxtarsalis 50 HartPark
18 Kern21 Kern Oildale

44

50 Turlock

18 Kern22 Kern Oildale
64

50 Turlock
18 Kern23 Kern Oildale

44

50 Turlock

23 Impr46 Imperial YumaTestStatn
64 9I

50 Turlock
24 Impr22 Imperial Heber

46 fI

33 WEE
24 Impr163 Imperial Calexico

46

50 WEE
25 Kern29 Kern Wasco

tt

29 HartPark

25 Kern5057 Kern Buttonwillow Aemelanimon 50 HartPark
25 Chlv28 Riverside Mecca Cxtarsalis 50 HartPark

25 Chlv30 Riverside Mecca
44

50 HartPark
25 Ch1v37 Riverside Mecca

44 fl

50 Turlock
25 Chlv49 Riverside Mecca

64

50 Turlock
26 Kern5065 Kern Bakersfield

66 fI

50 Turlock

Kern5071 Kern Bakersfield 50 Turlock

Kern5072 Kern Bakersfield
44

50 Turlock
Kern5076 Kern Bakersfield 50 HartPark

Kern5077 Kern Bakersfield 50 HartPark Turlock
Kern5078 Kern Bakersfield

44

50 HartPark Turlock
Kern5079 Kern Bakersfield

64 tt

50 Turlock
Kern5083 Kern Delano Aemelanimon 50 HartPark

Kern5084 Kern Delano
44

50 HartPark

Impr11 Imperial Heber Cxtarsalis 50 WEE

Impr27 Imperial Heber
44

50 WEE

Impr28 Imperial Heber 50 WEE

Impr30 Imperial Heber 50 WEE

Impr165 Imperial Heber 50 WEE

Impr166 Imperial Heber
66

50 WEE

Imprl67 Imperial Heber 50 WEE
Impr168 Imperial Heber

46 ft

50 WEE

Impr170 Imperial Heber 50 WEE

Impr173 Imperial Heber 50 WEE
Kern5116 Kern Bakersfield

44

50 Turlock
Dlan8 Tulare Teviston 50 HartPark
Dlan9 Tulare Teviston 45 HartPark
Dlan10 Tulare Earlimart

46

45 HartPark
Kern32 Kern Wasco 50 HartPark
Kern44 Kern Arvin 50 HartPark
Kern45 Kern Arvin

44

50 HartPark
Kern49 Kern Greenfield

44

50 HartPark
Kern5123 Kern Bakersfield

44

50 HartPark Turlock
Kern5119 Kern Bakersfield 50 HartPark
Kern5127 Kern Bakersfield

46

50 HartPark
Kern5128 Kern Buttonwillow

44

50 HartPark
Kern5139 Kern Delano Aemelanimon 50 CalifGrp
Dlanl1 Kern Pond Cxtarsalis 50 HartPark
Dlan12 Kern Pond 50 HartPark
Kern55 Kern Wasco 50 HartPark
Kern60 Kern Rosedale 50 Turlock
Kern62 Kern Bakersfield 50 HartPark
Kern63 Kern Bakersfield

44

50 Turlock
Kern64 Kern Bakersfield

44 II

50 HartPark
Kern65 Kern Bakersfield 44 If

50 HartPark
Kern66 Kern Bakersfield

44 ff

50 HartPark
Kern67 Kern Bakersfield

4 tf

35 Turlock
Kern5151 Kern Bakersfield 50 Turlock
Trlk4 Stanislaus Newman

44 2I

28 Turlock
Kern5157 Kern Bakersfield 64 tt

50 HartPark
Kern5159 Kern Bakersfield 50 HartPark Turlock
Kern5160 Kern Bakersfield 50 Turlock
Kern5161 Kern Bakersfield

44

50 Turlock
Kern5165 Kern Bakersfield

64 f1

50 Turlock
Kern5166 Kern Bakersfield 64 fI

50 Turlock
Kern5169 Kern Bakersfield

44

50 Turlock
Kern5171 Kern Bakersfield

44

50 HartPark
Kern5172 Kern Bakersfield 50 HartPark



Table5continued

Collected Pool

Month Day Number County Place Species Mosq Agents Isolated

7

11

6 22 Impr50 Imperial Calexico Cxtarsalis 30 WEE
22 Impr60 Imperial Calexico 23 WEE

22 Impr92 Imperial Calapatria
64

50 WEE
22 Impr93 Imperial Calapatria 50 WEE
22 Impr95 Imperial Calapatria 50 WEE
22 Impr112 Imperial Calapatria 50 Turlock
22 Impr66 Imperial Heber CxpipiensCompx 50 WEE
22 Impr102 Imperial Calapatria

66

50 WEE
22 Impr104 Imperial Brawley 50 WEE
22 Kern5183 Kern Bakersfield Cxtarsalis 50 Turlock HartPark
22 Kern5184 Kern Bakersfield

it

50 HartPark
22 Kern5185 Kern Bakersfield

66

50 Turlock
22 Kern5187 Kern Bakersfield 50 Turlock

22 Kern5188 Kern Bakersfield it

50 Turlock
22 Kern5189 Kern Bakersfield

44

50 Turlock
22 Kern5190 Kern Bakersfield

44

50 HartPark
22 Kern5191 Kern Bakersfield 50 HartPark

22 Kern5193 Kern Bakersfield 50 Turlock
22 Kern5194 Kern Bakersfield 50 Turlock
22 Kern5196 Kern Bakersfield 50 HartPark Turlock
22 Kern5197 Kern Bakersfield 50 HartPark Turlock
22 Kern5198 Kern Bakersfield 50 Turlock
22 Sanb22 SanBernard Needles

64 II

50 Turlock
22 Sanb23 SanBernard Needles

If

50 Turlock
22 Sanb29 SanBernard Needles It

34 WEE

23 Impr82 Imperial PaloVerde 43 WEE

24 Impr52 Imperial Heber 18 WEE

24 Impr74 Imperial Heber 56 WEE

24 Impr89 Imperial Heber
It

50 WEE
24 Impr90 Imperial Heber

It

50 WEE

24 Impr94 Imperial Heber 50 WEE

24 Iinpr76 Imperial Heber
ff

50 WEE

24 Impr79 Imperial Heber
li ft

55 WEE
24 Impr96 Imperial Heber tt

50 WEE

24 Impr110 Imperial Heber fV

50 WEE

24 Impr114 Imperial Heber 58 WEE

26 Impr69 Imperial Seely 50 WEE

26 Impr86 Imperial Seely
ft

50 WEE

26 Impr70 Imperial Seely CxpipiensCompx 49 WEE
28 Dlan16 Tulare Teviston Cxtarsalis 35 HartPark
29 Kern5212 Kern Bakersfield 50 Turlock

29 Kern5213 Kern Bakersfield 50 HartPark

29 Kern5218 Kern Bakersfield 64 ff

50 HartPark

29 Kern5220 Kern Bakerfield 50 Turlock

29 Kern5222 Kern Bakersfield 50 Turlock

1 Kern5228 Kern Bakersfield
66 If

50 Turlock

1 Kern5230 Kern Bakersfield 50 Turlock

1 Kern5231 Kern Bakersfield 50 Turlock HartPark

6 Kern5244 Kern Bakersfield 46 It

50 Turlock HartPark

6 Kern5245 Kern Bakersfield
46 II

50 Turlock

6 Kern5246 Kern Bakersfield 50 Turlock HartPark

6 Kern5247 Kern Bakersfield
44 VI

50 Turlock

6 Kern5249 Kern Arvin
44 tI

50 HartPark

6 Kern5250 Kern Arvin
it ff

50 HartPark

6 Kern5253 Kern Arvin
46 II

50 HartPark

6 Kern5254 Kern Arvin
44 fI

50 Turlock HartPark

6 Kern5260 Kern Arvin
44 lf

50 HartPark

6 Kern5255 Kern Arvin Aemelanimon 50 CalifGrp
6 Suya5277 Sutter YubaCity Cxtarsalis 50 Turlock

7 Chlv61 Riverside Mecca
44 ft

50 Turlock

7 Chlv63 Riverside Mecca
44 II

50 WEE
7 Suya27 Yuba Marysville

it If

50 Turlock
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Table5continued

Collected Pool

Month Day Number

7

County Place Species Mosq Agents Isolated

7 Suya34 Yuba Olivehurst Cxtarsalis 50 Turlock
10 Kern5284 Kern Arvin

t St

50 HartPark

10 Kern5285 Kern Arvin 50 HartPark

10 Kern5286 Kern Arvin
44 91

50 HartPark

10 Kern5287 Kern Arvin
44 95

50 HartPark

10 Kern5288 Kern Arvin
44 95

50 HartPark

10 Kern5292 Kern Arvin
if St

50 HartPark

11 Kern5295 Kern Arvin Aemelanimon 50 CalifGrp
12 Nwst75 Riverside Norco Cxtarsalis 50 HartPark

12 Suya41 Sutter Sutter 50 Turlock
12 Dlan18 Tulare Teviston

44 15

44 HartPark

12 Sacr14 Yolo KnightsLanding 50 Turlock

12 Sacr31 Yolo Woodland 50 HartPark

13 Kern69 Kern Rosedale
44 91

50 HartPark

13 Kern71 Kern Rosedale 50 HartPark

13 Kern72 Kern Rosedale 38 Turlock
13 Kern81 Kern OldRiver 44 51

50 HartPark

13 Kern84 Kern OldRiver
46 11

50 Turlock

13 Kern5322 Kern Delano Aemelanimon 50 CalifGrp
13 Kern73 Kern Rosedale 50 CalifGrp
13 Kern74 Kern Rosedale 50 CalifGrp
13 Suya49 Yuba Olivehurst Cxtarsalis 50 Turlock

13 Suya57 Yuba Marysville 50 Turlock
14 Kern5317 Kern Buttonwillow 50 HartPark

14 Kern5326 Kern Bakersfield
44 59

50 HartPark
14 Kern5329 Kern Bakersfield 50 Turlock HartPark

14 Kern5331 Kern Bakersfield
44 91

50 Turlock

14 Kern5332 Kern Bakersfield
15

50 HartPark
14 Kern5333 Kern Bakersfield

44

50 Turlock
14 Kern5335 Kern Bakersfield 50 Turlock

14 Kern5336 Kern Bakersfield
46

50 Turlock
19 Dlan22 Kern Pond 37 HartPark

19 Sacr38 Sacramento Franklin 50 Turlock
20 Kern5352 Kern Buttonwillow

44

50 Turlock

20 Kern88 Kern OldRiver
44

50 Turlock

20 Kern91 Kern OldRiver
44

50 Turlock HartPark

20 Kern93 Kern Greenfield 64

50 HartPark

20 Kern94 Kern Greenfield 64 51

50 HartPark
20 Kern5357 Kern Delano Aemelanimon 50 CalifGrp
21 Kern5364 Kern Bakersfield Cxtarsalis 50 Turlock
21 Kern5367 Kern Bakersfield 50 Turlock

21 Kern5368 Kern Bakersfield
51

50 Turlock
22 Kern5370 Kern Bakersfield 50 Turlock
24 Kern5371 Kern Arvin 50 HartPark
24 Kern5372 Kern Arvin 50 HartPark
24 Kern5373 Kern Arvin 50 Turlock
24 Kern5374 Kern Arvin 50 Turlock
24 Kern5375 Kern Arvin 50 HartPark

24 Kern5378 Kern Arvin
44

50 HartPark
24 Kern5379 Kern Arvin 50 HartPark

24 Kern5380 Kern Arvin 50 HartPark
24 Kern5382 Kern Arvin

t4

50 Turlock
24 Kern5383 Kern Arvin

44

50 HartPark
26 Sacr65 Sacramento RioLinda 50 Turlock
26 Suya80 Sutter LiveOak 50 HartPark

26 D1an23 Tulare Earlimart 50 WEE

26 Dlan24 Tulare Earlimart 50 WEE

26 Dlan26 Tulare Earlimart 49 HartPark
26 Dlan29 Tulare Earlimart 50 WEE
26 D1an32 Tulare Earlimart 50 WEE

26 D1an34 Tulare Teviston
44

50 WEE

26 D1an35 Tulare Teviston 50 WEE

26 D1an36 Tulare Teviston 50 WEE

26 Dlan37 Tulare Teviston 41 WEE
27 Kern97 Kern OldRiver 44

50 HartPark
27 Kern99 Kern OldRiver 50 WEE
27 Kern101 Kern Rosedale

4t

50 Turlock
27 Kern102 Kern Rosedale

19

50 Turlock HartPark
27 Kern103 Kern Rosedale 50 Turlock

27 Kern106 Kern Rosedale
19

50 HartPark



Table5continued

Collected Pool

Month Day Number County Place Species Mosq Agents Isolated

7

8

27 Kern5395 Kern Buttonwillow

27 Kern5396 Kern Buttonwillow

27 Orco2 Orange Irvine

27 Tlre9 Tulare Corcoran

28 Kern5404 Kern Bakersfield

Cxtarsalis 50 WEE

50 HartPark

50 Turlock

50 HartPark

50 HartPark

2 Sacr78 Sacramento ElkGrove 42 Turlock
2 DIan38 Tulare Teviston 50 Turlock HartPark
2 D1an39 Tulare Teviston 50 WEE
2 Dlan40 Tulare Teviston

44 If

50 WEE
2 Dlan41 Tulare Teviston

44 ff

50 WEE
2 Dlan42 Tulare Teviston 50 WEE
2 Dlan43 Tulare Teviston

44 If

50 WEE
2 Dlan44 Tulare Teviston 50 WEE
2 D1an45 Tulare Teviston 50 WEE
2 Dlan46 Tulare Teviston 50 WEE
2 D1an48 Tulare Earlimart

44 If

50 WEE
2 Dlan49 Tulare Earlimart

46 lf

50 HartPark
2 Dlan56 Tulare Earlimart

44 f1

50 HartPark
2 Dlan59 Tulare Earlimart

44

50 WEE
2 DIan61 Tulare Earlimart 50 WEE
3 Kern108 Kern OldRiver 50 HartPark
3 Kern110 Kern OldRiver 50 HartPark
3 Kern117 Kern Arvin 50 WEE
3 Kern118 Kern Arvin

44 f1

50 Turlock
3 Kern120 Kern Arvin

44 If

50 WEE
3 Kernl22 Kern Arvin

44

50 Turlock
3 Kernl23 Kern Arvin

44 ff

50 WEE
3 Kern125 Kern Arvin

44 tt

50 WEE
3 Kern126 Kern Arvin 50 WEE
3 Kern5410 Kern Delano 44 If

50 WEE
3 Kern5421 Kern Buttonwillow 50 WEE

3 Kern5422 Kern Buttonwillow 50 WEE
3 Kern112 Kern OldRiver Aemelanimon 50 CalifGrp
3 Kern5412 Kern Delano 50 CalifGrp
3 Kern5425 Kern Buttonwillow

44 ff

50 WEE
3 Kern5428 Kern Buttonwillow

44 ff

50 WEE
4 Chlv72 Riverside Mecca Cxtarsalis 50 Turlock
4 Ch1v73 Riverside Mecca 50 WEE
4 Chlv74 Riverside Mecca

44 fl

50 WEE
4 Chlv75 Riverside Mecca

64 II

50 WEE
4 Ch1v77 Riverside Mecca 50 Turlock
4 Chlv80 Riverside Mecca

44 f1

50 Turlock
4 Chlv81 Riverside Mecca L It

50 WEE
4 Chlv82 Riverside Mecca 50 WEE
4 Ch1v83 Riverside Mecca

64 ft

35 WEE
9 Suyal19 Sutter YubaCity 50 Turlock
9 Suya122 Sutter YubaCity

66 ff

50 Turlock
9 Dlan67 Tulare Teviston

44 11

50 WEE
9 D1an68 Tulare Teviston

44 ft

50 WEE
9 Dlan71 Tulare Teviston

44 If

50 WEE
9 Dlan72 Tulare Teviston

64 If

43 WEE
9 Dlan73 Tulare Earlimart 50 WEE

9 Dlan74 Tulare Earlimart
44

50 WEE
9 Dlan75 Tulare Earlimart

44 1t

50 WEE

9 Dlan76 Tulare Earlimart 50 WEE
9 Dlan77 Tulare Earlimart

64 ft

50 Turlock
9 Dlan79 Tulare Earlimart 50 WEE
9 Dlan92 Tulare Teviston

44 fl

50 WEE
10 Buco54 Butte Nord 64 fl

50 Turlock

10 Kernl28 Kern Wasco
44 ft

50 WEE
10 Kern134 Kern Arvin

46 If

50 WEE
10 Kern135 Kern Arvin 50 WEE

10 Kern137 Kern Arvin
66 If

50 HartPark

10 Kern138 Kern Arvin 50 HartPark

10 Kern139 Kern Arvin
44 If

50 WEE

10 Kern141 Kern Arvin 50 HartPark

10 Kern5495 Kern Buttonwillow
44 If

50 WEE

10 Kern5497 Kern Buttonwillow 50 Turlock
10 Kern5499 Kern Buttonwillow

64 1f

50 WEE

10 Kern5500 Kern Buttonwillow 50 WEE

13
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Table5continued

Collected Pool

Month Day Number County Place Species Mosq Agents Isolated

8 10 Kern5501 Kern Buttonwillow Aemelanimon 50 CalifGrp
10 Kern5506 Kern Buttonwillow 50 CalifGrp
10 Trlk23 Stanislaus Patterson Cxtarsalis 18 HartPark

10 TIrel3 Tulare Tulare 50 Turlock

10 Tlrel4 Tulare Tulare
44 IS

50 WEE

10 Tire15 Tulare Tulare 50 Turlock HartPark

10 Tlrel6 Tulare Tulare
91

43 WEE

10 Suya131 Yuba Marysville 50 Turlock

11 Kern5481 Kern Arvin 50 WEE

11 Kern5483 Kern Arvin 50 WEE

11 Kern5484 Kern Arvin
46 IS

50 WEE

11 Kern5485 Kern Arvin 50 HartPark

11 Kern5486 Kern Arvin
64 IS

50 WEE

11 Kern5487 Kern Arvin 50 WEE

11 Kern5488 Kern Arvin 50 WEE

12 Kern5471 Kern Arvin 50 HartPark

12 Kern5472 Kern Arvin 50 WEE

12 Kern5474 Kern Arvin
44 St

50 Turlock

12 Kern5475 Kern Arvin
46 SI

50 WEE

12 Kern5477 Kern Arvin 50 WEE

12 Kern5478 Kern Arvin 50 WEE
12 Kern5480 Kern Arvin 50 WEE

12 Kern5515 Kern Bakersfield
44 St

50 HartPark

16 Dlan98 Tulare Teviston 50 WEE

16 D1an100 Tulare Teviston 50 WEE

16 Dlan102 Tulare Teviston
9

50 WEE

16 D1an104 Tulare Pixley
44 II

50 WEE

16 Dlan106 Tulare Pixley 50 WEE

16 Dlan107 Tulare Pixley 50 WEE

16 D1an108 Tulare Pixley
If

50 WEE

16 Dlan109 Tulare Pixley 50 Turlock

16 D1an115 Tulare Teviston 50 WEE

16 Dlan116 Tulare Teviston
SI

50 Turlock

16 Dlan117 Tulare Teviston 50 HartPark
16 Dlan118 Tulare Teviston 50 WEE

16 Dlan119 Tulare Earlimart
II

50 WEE
16 Dlan122 Tulare Earlimart 25 WEE

17 Kern142 Kern Arvin
IS

50 WEE

17 Kern143 Kern Arvin
IS

50 HartPark

17 Kern144 Kern Arvin 50 WEE

17 Kern146 Kern OldRiver 50 WEE

17 Kern148 Kern OldRiver 50 WEE

17 Kern150 Kern OldRiver 50 HartPark

17 Kern5518 Kern Delano
SS

50 WEE
17 Kern5526 Kern Buttonwillow 50 Turlock
17 Kern5527 Kern Buttonwillow 50 WEE

17 Kern5529 Kern Buttonwillow Aemelanimon 50 WEE
17 Tlre25 Tulare Tulare Cxtarsalis 35 WEE

17 Tlre28 Tulare Tipton 50 WEE
17 Tlre29 Tulare Tipton 50 WEE
17 Tlre30 Tulare Tipton 50 WEE
17 Tlre31 Tulare Tipton 27 Turlock
18 Kngsl Kings LemooreNas 50 WEE

18 Kngs2 Kings LemooreNas 50 Turlock
18 Kngs4 Kings LemooreNas

44 If

50 WEE
18 Kngs5 Kings LemooreNas 50 Turlock
18 Kngs7 Kings LemooreNas 50 WEE
18 Kngs8 Kings LemooreNas 50 WEE

18 SanB37 SanBernard Needles 50 Turlock
21 Kern5539 Kern Arvin CxpipiensCompx 50 WEE

21 Kern5550 Kern Arvin Aemelanimon 50 CalifGrp
23 Suya135 Sutter Sutter Cxtarsalis 50 Turlock
23 Dlan124 Tulare Earlimart 50 WEE
23 Dlan128 Tulare Teviston 50 WEE
23 Dlan130 Tulare Teviston 50 WEE
23 Dlan131 Tulare Teviston

SS

50 WEE
23 Dlan133 Tulare Teviston 50 WEE
23 Dlan134 Tulare Teviston 50 WEE
23 Dlan135 Tulare Teviston

II

50 WEE
23 D1an138 Tulare Teviston 50 WEE
23 D1an139 Tulare Teviston 12 HartPark



Table5continued

Collected Pool

Month Day Number County Place Species Mosq Agents Isolated

8 23 D1an149 Tulare Pixley
44 If

19 WEE

23 Dlan143 Tulare Teviston 50 WEE
23 Dlan151 Tulare Pixley 50 WEE

24 Buco69 Butte Gridleyer 50 Turlock
24 Kern151 Kern Arvin

64 95

50 Turlock
24 Kern152 Kern Arvin Cxtarsalis 50 WEE
24 Kern154 Kern Arvin

CC 51

50 WEE
24 Kern158 Kern Shafter 50 Turlock
24 Kern161 Kern Shafter

44 15

50 WEE
24 Kern5566 Kern Delano 50 WEE
24 Kern5567 Kern Delano 28 WEE
24 Kern5570 Kern Buttonwillow

44 51

50 WEE
24 Kern5571 Kern Buttonwillow Aemelanimon 50 CalifGrp
24 Kern5572 Kern Buttonwillow

44 51

28 WEE
24 Suya150 Sutter YubaCity Cxtarsalis 50 Turlock HartPark
24 Tlre35 Tulare Tipton 50 WEE
24 Tlre38 Tulare Tulare

f1

50 WEE
24 Tlre42 Tulare Tulare 50 WEE
24 Tlre47 Tulare Pixley 50 WEE
24 Tlre48 Tulare Pixley

44 55

50 WEE
24 Suya149 Yuba Marysville 41 HartPark
26 Kern5577 Kern Arvin 50 Turlock
26 Kern5590 Kern Arvin

46 If

50 HartPark
26 Kern5593 Kern Arvin 44 55

50 WEE
26 Kern5594 Kern Arvin

44 55

50 WEE
26 Kern5600 Kern Arvin

44 51

50 WEE
26 Kern5574 Kern Arvin CxpipiensCompx 50 WEE
30 Nwst169 Riverside Norco

66 f5

50 Turlock
30 Dlan164 Tulare Earlimart Cxtarsalis 50 WEE
30 D1an167 Tulare Teviston 50 WEE
30 Dlan170 Tulare Teviston 50 HartPark
30 Suya162 Yuba Marysville

44

42 HartPark
31 Kern164 Kern OldRiver

46

50 Turlock
31 Kern167 Kern Rosedale 50 WEE
31 Kern168 Kern Rosedale Aemelanimon 50 WEE
31 TIre58 Tulare Pixley Cxtarsalis 50 WEE
31 T1re64 Tulare Pixley

66

50 WEE

9 1 Impr145 Imperial Seely
44

26 Turlock
1 Kern5621 Kern Buttonwillow

44

50 WEE
1 Kern5623 Kern Buttonwillow 50 WEE
1 Kern5625 Kern Buttonwillow 50 WEE
1 Kern5629 Kern Delano 50 WEE
1 Kern5626 Kern Buttonwillow Aemelanimon 50 WEE
1 Kern5627 Kern Buttonwillow

64

50 WEE
1 Orcol2 Orange Irvine CxpipiensCompx 30 Turlock
7 Tlre73 Tulare Tulare Cxtarsalis 50 WEE
7 Dlan177 Tulare Earlimart 50 WEE
7 Dlan178 Tulare Earlimart

44 55

50 WEE
7 Dlan180 Tulare Earlimart 50 Turlock
7 Dlan181 Tulare Earlimart

66 If

50 WEE
7 Dlan182 Tulare Earlimart 50 WEE
7 Dlan193 Tulare Teviston 50 WEE
7 Dlan194 Tulare Teviston 50 WEE
7 Dlan197 Tulare Teviston 50 WEE
8 Buco91 Butte Gridley 50 HartPark
8 Kern170 Kern OldRiver

ft

50 WEE
8 Kern172 Kern Rosedale

If

50 WEE
8 Kern177 Kern Bakersfield 50 HartPark
8 Kern175 Kern Rosedale Aemelanimon 50 CalifGrp
8 Kern176 Kern Rosedale 35 WEE
9 Kern5650 Kern Buttonwillow Cxtarsalis 50 WEE
9 Kern5651 Kern Buttonwillow 50 WEE
9 Kern5653 Kern Buttonwillow

44

50 WEE
9 Kern5656 Kern Delano

44 5f

50 WEE
9 West2 Kern Taft 50 WEE
9 Kern5654 Kern Buttonwillow Aemelanimon 50 WEE
9 Kern5655 Kern Buttonwillow

44 55

50 WEE
13 Dlan200 Tulare Earlimart Cxtarsalis 50 WEE
13 D1an217 Tulare Teviston 50 WEE

15
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Table5continued

Collected Pool

Month Day Number County Place Species Mosq Agents Isolated

9 14 Kcrn181 Kern Shafter

14 Kernl82 Kern Shafter

14 Kcrn184 Kern Shafter

14 Kernl87 Kern Shafter

14 Kern188 Kern Shafter

14 Kern195 Kern Arvin

14 Kernl96 Kern Arvin

14 Tlre94 Tulare Tulare

14 Tlre96 Tulare Tulare

15 Kern5667 Kern Delano

15 Kern5670 Kern Buttonwillow

15 Kern5671 Kern Buttonwillow

15 Kern5672 Kern Buttonwillow

15 Kern5676 Kern Buttonwillow

15 Kern5678 Kern Buttonwillow

15 Kern5679 Kern Buttonwillow

20 Dlan229 Kern Delano

20 Kern221 Kern Cawelo

20 Kern226 Kern Cawelo

20 Kern227 Kern Cawelo

20 Kern228 Kern Cawelo

20 D1an224 Tulare Teviston

20 Dlan225 Tulare Teviston

21 Kern206 Tulare Arvin

21 Kern208 Kern Arvin

21 Kern217 Kern Wasco

21 Tire105 Tulare Tulare

22 Kern5691 Kern Buttonwillow

22 Kern5693 Kern Buttonwillow

22 Kern5695 Kern Buttonwillow
22 Kern5696 Kern Buttonwillow

22 Kern5697 Kern Buttonwillow

22 Kern5700 Kern Buttonwillow

22 Kern5701 Kern Delano

22 Kern5703 Kern Bakersfield

24 Kern230 Kern Cawelo

24 Kern232 Kern Cawelo

24 Kern233 Kern Cawelo
24 Kern237 Kern Cawelo

27 Kern5706 Kern Bakersfield

28 Kern5720 Kern Buttonwillow
28 Kern5721 Kern Buttonwillow

10 6 Kern5738 Kern Buttonwillow

6 Kern5740 Kern Buttonwillow

6 Kern5741 Kern Buttonwillow

6 Kern5747 Kern Buttonwillow

6 Kern5748 Kern Buttonwillow
6 Kern5750 Kern Buttonwillow

Cxtarsalis

Aemelanimon

Cxtarsalis

66 11

It

Li

Aemelanimon

50 Turlock

50 WEE

50 WEE

50 Turlock

50 WEE

50 WEE

50 WEE

50 WEE

27 WEE

32 WEE

50 WEE

50 WEE

50 Turlock

50 WEE

50 WEE

50 WEE

30 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 Turlock

50 Tulrock

50 WEE

24 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 WEE

50 Turlock

50 WEE

50 WEE

50 WEE

50 Turlock

50 WEE

50 Turlock

50 WEE

50 WEE

50 WEE

50 Turlock

50 Turlock

50 WEE

50 WEE

50 WEE

50 WEE

CalifGrp

HartPark



Table6SerologicalconversionstoWEEandSLEvirusesinsentinelchickensCalifornia1982
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COUNTY LOCATION NOPOSITIVE 9CXTARSALISPERTRAPNIGHT

WEE SLE DATE1stPOSITIVE SEASONAVERAGE HIGHESTdate

Shasta MADOffice 0 0 17 10384
Tehama MADOffice 14 0 831 81 274827
Butte Chico 0 0 07 3383
Butte GreyLodge 0 0 479 2834928
Glenn MADOffice 0 0 211 914729

Yuba Marysville 0 0 28 160728
Sutter Deans 0 0 498 2560714
Sacramento ElkGrove 0 0 61 326825
SanJoaquin Escalon 0 0 69 209825
Turlock SportsmansClub 0 0 150 716527

Merced PereiraDairy 0 0 158 777729
Fresno LostLake 0 0 07 3199
Fresno MendotaRefuge 1393 0 92 369 147191
Kings RiverviewRanch 1979 0 85 299 3539720
Tulare RockyHill 0 0 07 26812

Kern Teviston 1252 0 83 17 169714
Kern Wasco 1146 0 830 04 25714
Kern Oildale 314 0 104 02 10922
Kern FCTracy 1890 0 830 57 160616
Kern Buttonwillow 1694 0 830 23 15563
Kern JohnDale 1995 0 82 267 1260623

Riverside Corona 0 0 41 1711021
Riverside Mecca 0 0 78 5141019
Imperial PaloVerde 2292 313 630WEE 23 80720

728SLE
Imperial CordaRanch 1583 0 610 31 223928

ResultsfromFAtestsSLEpositivechickenswereconfirmedbyneuttests
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COMPARATIVEVECTORCOMPETENCEOFCULEXQUINQUEFASCIATUSSAYTO

SEVENCALIFORNIASTRAINSOFSTLOUISENCEPHALITISVIRUS

RPMeyerJLHardyandSBPresser

Sincetheearly1950sthenumberofreportedhumancases
ofStLouisencephalitisSLEvirusinCaliforniahasde
creasedsignificantlyfrom99casesin1954toonlyoneortwo
casesayearduringthe1970s Therecentdeclineinthe

numberofhumancasescanbepartiallyattributedtostate
widemosquitocontroleffortsorpossiblytoatemporal
changeinthetransmissibilityofindigeousSLEviralstrains

Inordertotestthelatterhypothesisweevaluatedthe
transmissibilityofsevenCaliforniastrainsofSLEvirusthat
hadbeenisolatedfrompoolsofCulexmosquitoesduringthe
yearswhenlaboratoryconfirmedcasesofSLEwererecorded
inCaliforniaThestrainstestedlistedchronologicallybyyear
alongwiththenumberofreportedhumancaseswereBFS
3141950 69casesBFS15841952 45casesBFS
20351954 99casesFMS21081959 40casesFMS
48231963 13casesBFN32521971 2casesandIV
82419781case

AlthoughCulexquinquefasciatusSayisapoorervectorof
SLEvirusthanCxtarsalisCoquillettinCaliforniathespecies

ThisstudywassupportedbyResearchGrantAI3028fromthe
NationalInstituteofAllergyandInfectiousDiseasesGeneralResearch
SupportGrantI SO1 FR0441fromtheNationalInstitutesof

Healthandbyspecialstatefundsformosquitocontrolresearchap
propriatedannuallybytheCaliforniaStateLegislature

ArbovirusFieldStationPOBox1564BakersfieldCA93302

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

ABSTRACT

isamuchmoresensitiveindicatorthanCxtarsalisforde

tectingdifferencesinthetransmissibilityofdifferentSLE
viralstrainsAfieldpopulationofCxquinquefasciatuswas
collectedaspupaefromAsheSewerFarmlocatednearBakers
fieldKernCountyCalifornia When4 7daysoldpost
emergencefemaleswereinfectedbyfeedingonviremicchicks
thathadbeeninoculatedwitheachviralstrainBloodfed
individualswereincubatedat25 1Cfor23weeksbefore
transmissionandinfectionratesweredetermined

Thetransmissionratesdatacombinedfor2 3weeks

postinfectionforthestrainsisolatedfrom1950to1978were
38403319209and8percentrespectivelyWhenthe
transmissionratewascomparedwiththenumberofhuman
casesforeachyearandviralstraintherewasasignificant
correlationr 91p001betweenthenumberofhuman
casesreportedandthetransmissibilityofeachviralstrain
Thesefindingsdemonstratethattransmissionratesvaried
amongtheviralstrainsbutmoreimportantlythattrans
missibilityofthestrainswetestedhasdecreasedprogressively
sincethe1950sThesefindingsmayalsoexplaintosome
extentthelowerincidenceofhumancasesinCalifornia
duringthe1970sascomparedtothe1950s However

additionalstrainsofSLEvirusandCxquinquefasciatuswill
havetobetestedbeforeanyvalidconclusionscanbereached
Wewereunabletodemonstrateanyrelationshipr 66p
005betweenmosquitoinfectionratesforeachstrainofSLE
virusandthenumberofhumancases



FIELDEVALUATIONOFBACILLUSTHURINGIENSISVARISRAELENSISLAGENIDIUM

GIGANTEUMANDROMANOMERMISCULICIVORAXINCALIFORNIARICEFIELDS

JamesLKerwinandRobertKWashino

DepartmentofEntomologyUniversityofCaliforniaDavis

INTRODUCTIONProblemsassociatedwithchemical

controlofmosquitopopulationssuchaspersistenceoftoxic
metabolitesdeleteriouseffectsonnontargetorganismsand
developmentofpesticideresistancecanoftenbemitigatedby
useofmicrobialinsecticidesandbiologicalcontrolagents
FieldevaluationsweremadeinricefieldsintheCentralValley
ofCaliforniaduringthe1982growingseasonofthemicrobial
insecticideBacillusthuringiensisvarisraelensisBTIserotype
H14themermithidnematodeRomanomermisculicivorax
andtheoomycetousfungusLagenidiumgiganteum

MATERIALSANDMETHODSBTI Teknar aliquid
formulationofBTIwasobtainedfromSandozInc Three

ricefieldsinYoloCountynearSacramentoCAwereusedas
testsiteswithoneaerialapplicationandtwogroundappli
cationsmadeFortheaircraftapplicationten15mswaths
weremadeoveradistanceof08kmforatotalof30acres

coveredThreegallons1134litersofTeknardiluted50
withwaterwereappliedanddropletsizemonitoredusing
nigoslides Technicaldetailsofapplicationmethodsfor
bothaerialandgroundapplicationsareincludedelsewhere
inthisvolumeAkessonetal

AmistblowerfromtheSacramentoYoloMosquito
AbatementDistrictwasusedinthefirstgroundapplicationof
Teknar Twopassesweremadeontheupwindsideofthe
fieldalonga05mistretchat5mihr8kmhrAtotalof
325gallonsofTeknarwasdiluted50withwaterand
sprayedusingfourhollowcorenozzles SacramentoYolo

MADalsosuppliedacoldfoggerforthesecondgroundtrial
Sixpassesweremadeat5mihralonga05miledistanceto
disseminatefourgallonsoftheBTIformulationdiluted50
withwaterForbothgroundtrials10nigoslideswereplaced
between15and215mfromtheapplicationpointtomonitor
dropsizeanddistribution

SentinelbucketsCaseandWashino1979withmeshsides
andbottomcontaining20secondinstarCulextarsalislarvae
wereplacedwithouttopsatvariousintervalsinthericefields
sixhourspriortoBTIapplicationLidswereplacedonthe
sentinelbucketsonehouraftereachwassprayedForthe
aerialapplication14seriesofthreebucketseachwereplaced
at10meterintervalsfromaroadatthesouthendupwind
sideofthetestfieldandaseriesofcontrolbucketsplaced
04kmfromtheedgeofthetreatedareaFortheground
applicationsthesentinelbucketswereplacedbetween0and
250minthedownwinddirectionfromtheroadusedforBTI

spraying Thecontrolserieswas600mfromthepointof
application

Onlythefieldusedforthemistblowerevaluationhad
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sufficientlarvaeforpreandposttreatmentdippingUsingone
pintdippersfiveparalleltransectseachseparatedby30m
weresampledat10mintervalsat25differentstopsEach
individualtookfourdipsateachofthe25stopsandthe
numberofAnophelesfreeborniandCulextarsaliscollected
ineachdipwererecorded

RomanomermisculicivoraxNematodeswererearedatthe

SutterYubaMosquitoAbatementDistrictusingestablished
proceduresCritchfieldetal1982 Postparasiteswere
appliedinthefieldweeklyfromthelastweekinMaythrough
thefirstweekinSeptemberduringthe1982ricegrowing
seasonNematodeswereweighedin255or10glotsand
appliedusingeitheracompressedairbackpacksprayeror1m
longplexiglasstubes4cmdiam Fortubeapplications
tubeswereplacedinthebenthospostparasitespouredinto
themandallowedtosettleintothemudforaminimumof
fiveminutestominimizepredationbyvariousaquaticarthro
pods Plexiglasstubeswereplacedevery10mandthe
positionofeverythirdtubewasmarkedbyawoodenstake
Transectsusedforsprayapplicationsweremarkedbystakesas
necessarytoallowsubsequentassessmentofnematodeacti
vity

Nematodeswereappliedusingplexiglasstubesinlinear
transectsbeginningca5mfromandfollowingthecontourof
ricefieldchecksnearthetownofSutterCATransectsused

forsprayapplicationsusuallyparalleledthecheckcontours
15to20mfromtransectsusedfortubeinoculations

Threetofourweeksafterinoculationsentinelcages
containing10laboratoryrearedAnfreeborniand10Culex
pipienssecondinstarlarvaewereplacedatstakedpositionsin
thericefieldsPositioningofthesentinelbucketswasdeter
minedbysentinellarvaavailabilityaccessibilityofthesite
andpotentialfordamagetothericecropduringvariousstages
inriceplantmaturation

Sentinellarvaewereplacedweeklyalongeachtransect
beginningthreetofourweeksafterinoculationuntila
minimumof50ofthemonitoredsitesshowedsomedegree
ofinfectionThismonitoringperiodissubsequentlyreferred
toastheestablishmentperiodAsecondperiodofmonitoring
wasinitiatedaminimumofsevenweeksafterinoculationof

thenematodealongagiventransecttoverifypersistenceofR
culicivoraxandisreferredtoasthepersistenceperiodof
monitoringAfterthreedaysinthericefieldsentinellarvae
werereturnedtothelaboratoryfordissectiontodetermine
infectionrate
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LagenidiumgiganteumLgiganteumculturesweregrown
in2800mlFernbachflasksinliquidmediaconsistingof125
gBactopeptone125gDifcoyeastextract30gglucose25
gagarand20gMazolacornoilperliterofdeionizedwater
supplementedwith50mg1lecithintypeIXESigmaand25
mg1cholesterolEachflaskcontainingoneliterofmediawas
inoculatedwith7dayoldculturesofLgiganteumgrownon
thesamemediaasabovebutwith12g1agarandincubated
for5daysat80rpmonarotaryshaker

Seepageditchesca1meterwideassociatedwithrice
fieldsinSutterCountyCAwereinoculatedwiththe5day
oldculturesatarateofthreelitersper100mThefunguswas
appliedusingacompressedairbackpacksprayerand10
sentinelcagescontaining20secondinstarCxtarsaliswere
placedineach100150msection Survivinglarvaewere
collectedafter60hoursandreturnedtothelaboratoryfor
determinationofsentinelmortalityPersistenceofthefungus
wasmonitoredatintervalsrangingfromtwotoeightweeks
followingintroductionofthefungus

RESULTSBTI Sentinellarvaemortalityinthefield
treatedbyairrangedfrom8to100amongindividual
sentinelcageswithanoverallmortalityof75 24Table
1Theobservedvariationinmortalityamongcloselyspaced
sentinelbucketscouldbeduetodifferencesinricecanopy
heightfailuretodeliverauniformsprayordifferentialdrift
followingapplication

Sentinelmortalityasafunctionofdistancefrompointof
applicationforthecoldfogapplicationissummarizedinTable
2Veryhighmortalitywasobservedasfaras100mfromthe
pointofapplicationwithanaverageof94 6sentinel

mortalityattheninedistancesouttothatpointSentinel
larvaewerekilledatlevelsexceedingcontrolmortalityasfaras
250mfromtheapplicationpointTable2Usingthemist
blower97 3mortalityofsentinellarvaewasachievedout

Table1Sentinelmortalityasafunctionofdistancefromareference
pointinaricefieldfollowingaerialapplicationofBTIThreereplicates
with20secondinstarCrtarsalispersentinelbucketwereusedateach
distance

0

10
20
30

40
50
60
70

80
90

100

110

120

130

600control

7129
41 30
74 12
5134

4340
93 7
4350
5324

92 8
100 0
94 5

9010

100 0
100 0
117

to100mfromthepointofapplicationTable3Mortality
significantlygreaterthancontrolmortalitywasobserved
outto250m

Pretreatmentdippinginthefieldusedforthemistblower
evaluationyieldedsufficientnumbersoflarvaetomeritpost
treatmentmonitoringofthefieldmosquitopopulationCon
troloftheindigenouslarvalpopulationofbothCxtarsalis
andAnfreeborniwasexertedoutto100mfromtheappli
cationpointFigure1complementingthehighsentinel
mortalityobservedouttothatdistanceTheoccurrenceof

firstinstaranophelinelarvaeinsideof100mfromthepoint
ofBTIapplication36hoursaftersprayingFigure1indicates
thatthisBTIformulationhaslittleornopersistenceinthe
ricefieldagainstAnfreebornilarvae

Table2SentinelmortalityasafunctionofdistancefrompointofBTI
applicationusinganaerosolgeneratorcoldfoggerThreereplicates
with20secondinstarCxtarsalispersentinelbucketwereusedateach
distance

Distancefrom SentinelMortality
pointofapplicationm MeanStdDev

0

5

10
20

30
40

50

75
100
125

150
175
200

250

600control

0
5

10
20

30

40

50

75

100
125
150
175

200

250

600control

90 10

100 0
100 0

100 0

100 0

87 11

98 2

78 22
89 11

52 3

27 4

50 18

4425
6036
66

Table3SentinelmortalityasafunctionofdistancefrompointofBTI
applicationusingamistblowerThreereplicateswith20secondinstar
Cxtarsalispersentinelbucketwereusedateachdistance

Distancefrom SentinelMortality Distancefrom SentinelMortality
referencepointm MeanStdDev pointofapplicationm MeanStdDev

100 0
100 0
100 0
100 0

98 2
100 0

94 6

98 2

83 8
7921
54 27
4641

6027
2216
66
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Romanomermisculicivorax Fourteenindividualrice

checksinthreericefieldsencompassingca25acreswere
inoculatedwithRculicivoraxpostparasitesduringthe1982
seasonTable4Sentinelinfectionrangedfrom2to51
duringtheestablishmentmonitoringperiodandfrom14to
50duringthepersistenceevaluationsTable4Anfree
bornilarvaewhichareverysusceptibletoRculicivorax
preparasiteinfectionwerepreferentiallyparasitized The

infectionfiguresareanunderestimationoftheactualinfection

Table4InfectionofSentinelLarvaebyRomanomermisculicivoraxduringthe1982Season

Site

Designation

Brown

Brown

Brown

Brown

Brown

Brown

Thomasen

Thomasen

Thomasen

Thomasen

Thomasen

Thomasen

Thomason

Thomasen

Thomason

Thomason

Thomasen

2

3

45

1ABE56
P78

2ACE56
P89

2BDE78
P89

3A E56
P78

4A E45
P

5A E4
P

1A

1B

1C

2A

2B

2C

3A

3B

3C

4A

4B

Monitor

Period

E3
P8
E3
P7
E3
P7
E3
P7
E45
P7
E45
P7
E4
P7
E4
P

E4
P

E4

E4
P

P

NoSentinelsites

NoofSiteswith
infectedlarvae

123
139
85

165
74

139
1210
1513
85

1110

159
1212
77
74

117
65

138
63

107
52

107
105
108
61
75

42

1311

128

MethodofInoculation

Applicationrateg

tubes25

tubes25

spray25

spray100

tubes100

tubes50

tubes50

tubes25

spray25

tubes25

tubes50

spray50

tubes50

tubes100

spray100

tubes50

spray50

Lemenager1A E4 105 tubes100
P

Lemenager1B E4 72 spray100

EInitialmonitoringperiodtoascertainestablishmentofRculicivorax
inoculationthatthecorrespondingsentinelmortalityoccurred

PSecondmonitoringperiodtodeterminethedegreeofpersistenceofR
thenumberofweeksafterinoculationthatthecorrespondingsentinel
Thesentinelcageateachsiteinitiallycontained10Cxpipiensand10
TubesEvery10mtheappropriatedoseofpostparasiteswasdumped
SprayInoculatedusingacompressedairbackpacksprayer
Applicationratesgivening100m
Figureinparenthesesisthenumberofinfectedsentinellarvaetotal

ratesinceheavilyparasitizedsentinellarvaearekilled
immediatelyanddecayinthefield Becauseofthis

phenomenonweincludedbothAnfreebornilarvaeasensitive
indicatorofpreparasiteactivityandCxpipienslarvaealess
susceptiblehostineachsentinelcage

Overallsentinelmortalitywiththeexceptionoftheper
sistenceevaluationofthe50g100msprayapplicationswas
comparableforallapplicationrateswhetherappliedbytubes
orsprayingFigure2Failuretodocumentadefiniteincrease

infected

Anfreeborni

5036 15320

441739 282798

381847 171270

numberofrecoveredsentinellarvae

292068 1819108
793848 302790
6746 472145
471430 412254
41717 231773
331133 7343
18211 322062
55611 6116
521427 241146
47817 11218
25624 201366
321238 2154
4337 523363
50612 004
36925 11436

infected infected

Cxpipiens larvae

4254 1184 2

36514 242186 26

24729 5238 13

25520 9111 19

301550 3140 18

662335 24521 50

392666 251768 32

573154 291965 42

431944 401947 42

623150 342265 46

22
47

49
43
27

18

30
26

34
29

21
14

51

38
21

23

32

26

271349 8336 19

11328 0042 4

alongagiventransectFigureinparenthesisisthenumberofweeksafter

culicivoraxpreparasitesininoculatedricefieldsFigureinparenthesesis
mortalityoccurred

Anfreebornisecondinstarlarvae
into1mlongplexiglasstubesplacedintothebenthos
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Figure2SummaryofsentinellarvaeinfectionbyRomanomermisculicivoraxasafunctionofapplicationrateandmethodEPrefertotheseparate
monitoringperiodsasdescribedinTable4Thefiguresinparenthesesrefertothetotalnumberofsentinellarvaeonwhicheachmortalityfigureis
based
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insentinelinfectionwithincreasingapplicationratesmaybe
duetoinsufficientmonitoringvariabilityinvirulencebetween
batchesofnematodesrearedatdifferentperiodsoverthe
summerordifferentialratesofadultmaturationandor
matinginthevariousricechecksDifferencesmaybefound
duringsubsequentseasonsasweevaluatetheoverwintering
abilityoftheparasiteinoculatedatthevariousrates

Becauseofthelowdensityofmosquitolarvaeinthe
inoculatedfieldwewereunabletoassesstheeffectofpost
parasiteapplicationontheindigenouspopulationsDiffer
encesintheeffectivenessofthevariousapplicationratesmay
havebeenevidenthadwebeenabletoevaluatetheeffecton

fieldpopulations
Lagenidiumgiganteum Fourroadsideseepageditches

associatedwithricefieldsinSutterandYubaCountieswere

inoculatedwithLgiganteumoveraperiodofsevenweeks
withatotalof1465metersofditchinoculated Overall

sentinelmortalityforallditchesmonitoredfollowingspraying
120sentinelcageswas82 11Table5

ThenutrientmediainwhichLgiganteumisgrownmust
bedilutedinordertoinducetheformationoftheinfective

stagethezoosporeBoswell1977Ourresultsindicatethat
zoosporogenesiscanbesuccessfullyinducedbyapplyingthe
undilutedculturemediumdirectlyintothefield

PersistenceoftheasexualstageofLgiganteuminthe
inoculatedseepageditcheswasmonitoredlateinthebreeding
season Sentinelmortalityforallfoursiteswas21 14

26sentinelcageswitharangeof0to31Table6
DISCUSSIONAllthreeBTIapplicationmethodsachieve

comparablecontroloflarvalpopulationsofCxtarsalisand

Table5 Sentinelmortalityinseepageditchesassociatedwithrice
fieldsinSutterandYubaCountiesCAfollowingapplicationofthe
asexualstageofLgiganteum

Inoculation

Site

Clements

Clements

Clements

WCatlett

northside

WCatlett

southside

SButte

Clements

Dateof Distance Sentinel

Inoculation Inoculatedm Mortality

23July 150 9310

30July 150 8510

6August 130 10010

13August 425 8030

20August 300 6420

27August 210 7730

3September 100 9010

TotalSentinelMortality 8211

Numberofsentinelcagesusedforeachevaluationisenclosedinparen
thesesEachsentinelcageinitiallycontained20secondinstarCx
tarsalis

2Generatedbytreatingeachcontiguousgroupof10sentinelcagesasa
singledatapoint

Table6Sentinelmortalityinseepageditchesassociatedwithrice
fieldsinSutterandYubaCountiesCAevaluatingthepersistenceof
theasexualstageofLgiganteum

Inoculation

Site

Clements

WCatlett

northside

WCatlett

southside
SButte

OverallSentinelMortality 21 14

NumberofWeeks Sentinel

followingApplication Mortality

46 258

3 05

2 315

1 268

Allofthepersistenceevaluationswerecarriedoutfrom3September
to6September1982
2Numberofsentinelcagesusedforeachevaluationisenclosedinparen
thesesEachsentinelcageinitiallycontained20secondinstarCx
tarsalis

3Generatedbytreatingeachsiteasasingledatapoint

AnfreeborniinCaliforniaricefieldsUltimatelythemost
costeffectivemethodofBTIdisseminationwillbeusedby

mosquitoabatementagenciesThemistblowerinitspresent
configurationissuperiortotheaerosolgeneratorsinceitis
abletodelivermaterialatthehigherratesnecessaryforBTIto
reachtoxicconcentrationsinthericefieldsEithermethodof

groundapplicationislimitedbythedistanceoverwhichBTI
formulationswilldriftinthisseriesoftrialsapproximately
200mEvenifaccessroadsarepresentevery200moverthe
lengthofaricefieldwhichisusuallynotthecasethe
expenseofmultiplerunsatsuchshortintervalsmaybepro
hibitive AircraftsprayingofBTImaybethebestmethod
sincerelativelylargeamountscanbedeliveredquicklyover
largedistancesFurtherdiscussionispresentedbyAkessonet
alelsewhereinthisvolume

FortheRculicivoraxstudypersistencemonitoringre
sultedinconsistentlyhigherinfectionratesthanwasobtained
fortheinitialestablishmentevaluations Itappearsthata
singleapplicationofpostparasiteswillexertpartialcontrolof
mosquitolarvaebreedinginricefieldsfortheentiregrowing
seasonIfrelativelyhighlevelsofnematodeactivityremainin
inoculatedsitesovertwoormoregrowingseasonsRculi
civoraxmayprovetobeacosteffectivealternativetomore
establishedcontrolmethods

TheasexualstageofLgiganteumgrowninvitrounderap
propriateconditionscaneffectivelycontrolpopulationsof
CxtarsalisinricefieldsintheCentralValleyPreviouswork
inthislaboratoryshowedthisfungustobeeffectiveincon
trollingAnfreeborniundercomparableconditionsWester
dahlandWashinounpublished

Becauseofthelowdensityoflarvaebreedinginthein
oculatedsiteslessthan01larvadipitwassurprisingthat
zoosporogenesispersistedatareducedrateatleastsixweeks



inonecasefollowingapplicationLarvaldensitymayhave
beensufficientduetoovipositionafterinoculationofagiven
siteforsecondarytransmissiontooccurAlternativelybe
causeitisafacultativeparasitethefunguscouldhavecon
tinuedgrowingsaprophyticallyfollowingitsapplicationAll
oftheinoculationsiteswerefilledwithalgaeandaquatic
plantsandmayhavecontainedasufficientconcentrationof
freephytosterolstoinducezoosporogenesis

AlthoughinvitrocultureoftheasexualstageofLgigan
teamisagreatimprovementoverinvivoculturetheephe
meralnatureofthisstagelimitsitsusetorelativelysmall

EVALUATIONOFBACILLUSTIIURINGIENSISVARISRAELENSIS

SEROTYPEH14FORMOSQUITOCONTROL

RGarciaBDesRochersWTozerandJMcNamara

INTRODUCTIONInvestigationsoverthelastsixyears
withBacillusthuringiensisvarisraelensisSerotypeH14
BTIhavedemonstrateditsbroadandgeneraleffectiveness
againstavarietyofmosquitospeciesinmanypartsofthe
worldGoldbergandMargalit1977GarciaandDesRochers
1979Garciaetal1980GarciaandDesRochers1980Mulla

etal1980Garciaetal1981NugudandWhite1982Van
EssenandHembree1982

Itsselectivityformosquitoesandblackfliesandlittleelse
isoneofitsmostdesirableattributesColboandUndeen
1980Garciaetal1980Miuraetal1980Howeverfield
evaluationsofthispathogenarestillnecessarytofurther
delineatesituationsinwhichitwillbemosteffectiveThe

kindandlocationofthemosquitobreedingsourcethe

ThisresearchwassupportedinpartbySpecialStateFundsfor
MosquitoResearchinCalifornia
2DivisionofBiologicalControlUniversityofCaliforniaBerkeley

1050SanPabloAvenueAlbanyCalifornia94706
3R DTechnicalServiceSpecialistAbbottLaboratories9264

BoyceRoadWintersCalifornia95694

ABSTRACT

SeveralformulationsofBacillusthuringiensisvarisraelensisSero
typeH14whichincludedcornbasedgranularmaterialsemulsifiable
solutionswettablepowderswettablepowdersboundtosandgrains
andcompactedmaterialintheformoflargeandsmallpelletswere
appliedtovariousmosquitobreedingsourcesIngeneralgoodto
excellentcontrolwasachievedatrecommendeddosagelevelswithmost
oftheformulationsinthemajorityoffieldsituationstestedThe
wettablepowderboundtosandprovedveryeffectiveinsourceswith
substantialemergentvegetationAhighefficacywasobtainedwiththis
latterformulationatratesaslowas25kgofwettablepowderper
hectare

ReferencesCited
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mosquitobreedingareas Futureeffortswillinvolvefield

applicationofthesexualoosporestageofthisfungus

BoswellJS1977ZoosporogenesisinLagenidiumgiganteumafun
galparasiteofmosquitolarvaeinresponsetonutritionalrequire
mentsPhDThesisClemsonUniversity55pp

CaseTJandRKWashino1979Controlofmosquitolarvaein
ricefieldsScience20614121414

CritchfieldSMJFHarveyandEEKauffman1982Massrearing

ofRomanomermisculicivoraxProcCalifMosqandVectorCont
Assoc493335

biologyofthespeciesinvolvedthetiminganddosageofthe
applicationandthetypeofformulationareproblemareas
whereresearchcontributionsarestillneeded Thestudies

reportedhereexaminedtheeffectivenessofdifferentform

ulationsofBtiindiversemosquitobreedinghabitatsthat
haveposedcontrolproblemsinthepastSpecialemphasis
inthesestudieswasplacedonthecontroloffloodwater
Aedesspp

MATERIALS AND METHODSThe selection and

dimensionsofthetestplotsforthesestudiesweredictated
generallybytheextensivenessofthemosquitobreeding
sourcethelarvalageanddensitytheformulationanddosage
ratestobeappliedandthesimilarityofconditionswithinand
amongtheplotsConsequentlyplotsizerangedfrom50M
to1000Mhoweverwherefeasiblethesmallersizewas
avoided Astandardmosquitodipperwasusedtoassess
populationdensity Thenumberofdipsusedtosamplea
populationinanyparticulartestseriesvariedinrelationtothe
surfaceareaoftheplotandthedensityoflarvalpopulations
asdeterminedbygeneralobservationsForexampleinplots
wherepopulationsappearedlowthenumberofdipswas
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increasedtoreducevariabilityThenumberofpretreatment
andposttreatmentdipsperplotandtheircorresponding
standarddeviationsaregivenwitheachtableintheResults
andDiscussionsectionThemeannumberoflarvaeperdip
wascalculatedfromthetotalnumberoflarvaedippedforall
replicatesdividedbythenumberofdipsinthetreatment
Thepercentagereductionoflarvaeforanytreatmentwas
calculatedfromthedifferencesofthesemeans

Eachtreatmentwasreplicatedthreetofivetimeswith
oneexceptionInanirrigatedpastureinContraCostaCounty
therewereonlytwotreatmentsatthelowdosagetestedas
onlytwo1000MplotswereavailableAtleastthreeormore
controlplotswereusedineachtestseries

Emulsifiablesolutionsandwettablepowdersweremixed
withapproximatelyfivelitersofeithertaporwatercollected
atthesiteSolutionsweresprayedonthesurfaceofthewater
usingaSolobackpacksprayeratadeliveryrateof approx

imatelyoneliterperminute Granularformulationswere

dispensedwithanOrthowhirlybirdhandseederexceptfor
onetestserieswhichusedaCycloneseederBothmachines
dispensedmaterialsinswathsofuptoabouteightmeters
howeverafourmeterswathwasemployedformosttests
reportedhereTheorificeforthewhirlybirdseederwasset
at1andtheCycloneseederat25fordeliveryofthesandBti
mixtureAllothersolidformulationsweredispensedwiththe
whirlybirdatasettingof1or2dependinguponthesizeof
thegranularmaterialAsteadyevenpaceinabackandforth
patternoffourmeterswathsrequiringabouttwominutesfor
a400MplotgenerallygavegoodcoverageThefollowing
formulationsweretestedduringthe1982mosquitoseason

TradeName

Vectobac

BactimosC

Formulation AAUnitsMgm

EmulsifiableSolutionES
WettablePowderWP

Granulescornbased
Pelletsslowrelease

FlowableConcentrateFC
WettablePowderWP
Granulecornbased

Briquetslowreleasedonut

1000

2000

300

250

1000

3500

160

400

Insometeststhewettablepowderswerecombinedwith2
sandandGoldenBearOil1356inthefollowingbasicfor
mula456kgsand 114kgWP063kgoilTherelatively
smallquantitiesusedforthesetestsweremixedthoroughly
firstfollowedbythewettablepowderandafinalthorough
mixing

tDistributedbyBenMeadowsCompany3589BroadStreet
AtlantaChambleeGeorgia30366

2ChevronChemicalCompanySanFranciscoCalifornia
3TheCycloneSeederCompanyIncUrbanaIndiana
4AbbottLaboratoriesChemicalandAgriculturalProductsDivision

OakwoodRoadLongGroveIllinois60047
5BiochemProductsPostOfficeBox264MontchaninDelaware

19710

Inselectingthevariousdosageratesforanyparticulartest
seriesconsiderationwasgiventothetotalnumberofAA
unitsmgcompanyrecommendationswhenapplicablepast
experiencewithaparticularformulationandthetypeof
breedingsourceselectedforthetestThetotalnumberof
AAunitsmgrangedfromonetofivefoldorlessforany
dosageseriesandformulation

StudyAreasTestsiteswereselectedincooperationwith
theAlamedaMarinSonomaDiabloValleyandSutterYuba
MosquitoAbatementDistrictsTestsagainstAedessquamiger
wereconductedinJanuary1982inbrackishmarshsources
neartheOaklandInternationalAirportAlamedaCounty
Duringthisperiodthesaltconcentrationwasrecordedat
9700ppmbyHachKitanalysisThesitewasatypicalAe
squamiger sourcewithentensivestandsofpickleweed
SalicorniaspthroughoutThedepthofthewaterranged
fromafewcentimeterstoover60cminthe100Mplots
Watertemperaturesvariedfromalowof5Ctoahighof13
CTheageofthepopulationrangedfrom1stto4thinstar
reflectingthesequentialhatchingofthisunivoltinespecies
BactimosandVectobacwettablepowderswereappliedin
waterwithaSolobackpacksprayer

AseriesofcatchbasinsweretestedinBerkeleyAlameda
CountyfrommidJulythroughAugustof1982Threecon
trolandninetestbasinsweresampledwithalonghandled
dipper Eachbasinwasdippedfivetimesina10minute
intervalpriortoand48hoursposttreatmentThebasinswere
thencheckedinthesamemanneronaweeklybasisthereafter
Asingledonutshapedpelletweighingapproximately12grams
5x10AAunitswasdroppedintoeachoftheninetest
basins Larvalpopulationswererepresentedbyallinstars
ofCulisetaincidensandCulexpipiensInJulyfrom60to
90ofthelarvaewereCsincidenshoweverbytheendof
theobservationperiodinAugustalllarvaewereofthisspecies
Thenumbersoflarvaevariedconsiderablyduringthecourse
oftheobservations

StudieswereconductedinasingledrainagecanalinMarin
CountyduringMayof1982Residualwaterremainingafter
theheavywinterrunoffprovidedexcellentbreedingcondi
tionsforCulextarsalisandCsincidensWaterdepthwas
relativelyconstantatabout20cmWatertemperaturesinthe
middleofthecanalrangedfrom24to26Cduringthemid
dayThecanalwasapproximatelyfivemetersinwidthand
wasdividedinto10meterlengths50Mplotseach
separatedbyaboutonemeterAlgalmatscoveredthesurface
ofseveraloftheplotsbyasmuchas90 Thepopulation
consistedofabout75CxtarsalisandtheremainderCs

incidens WettablepowderswereappliedwiththeSolo
sprayer

IrrigatedpasturetestswereconductedinContraCosta
Countyatsiteshistoricallyrecognizedforbreedinglarge
populationsofAedessppDuringlateJulyandearlyAugust
thelarvalpopulationsconsistedofapproximately94Ae
nigromaculis6AemelanimonThepasturegrasswasdense
andemergedabovethewatersurfacesinmostareasWater
depthrangeduptoabout10cmindepthinthetestareasA
BactimosWPsandoilmixturewasappliedwithaCyclone



seederover1000Mplots
ThefinaltestserieswasconductedatGrayLodgeWildlife

RefugeinButteCountyduringlateAugustSeptemberand
earlyOctober1982 Severalfieldsfloodedforwaterfowl

habitatduringthisperiodproducedlargepopulationsofAe
melanimonAenigromaculiswasfoundonlyrarelyamong
theselarvalpopulations Severalfieldswithrelativelyex
tensivepopulationswereselectedfortestingThedensityof
larvalpopulationswashighlyvariablenotonlyamongthe
fieldsbutalsoamongthetestplotsinanyonefieldAl
thoughlarvaldevelopmentvariedamongthefieldsduetothe
differentfloodingtimesitwasfairlysynchronouswithinthe
fields Someplotsconsistedofrelativelyopenwaterwhile
othershadextensiveemergentvegetationWaterdepthwas
asmuchas75cminsomeplotsbutgenerallyrangedfroma
fewto30cm Selectionofplotsfortestingthevarious
formulationswasbasedpartlyontheextentoftheemergent
vegetation Forexamplegranularmaterialsandmixor
pelletswereusedinareaswherevegetationwasmoreex
tensiveWatertemperatureswererelativelymildandranged
from188to30CduringthecourseofthesestudiesThe
formulationsofBtiusedwereVectobacWPWPsandES
granulesandslowreleasepellets TheBactimosform

ulationsincludedWPsandandgranulesASolosprayerand
whirlybirdseederwereusedtodispensetheliquidandsolid
materialsduringthesetests

RESULTSANDDISCUSSIONTable1showstheeffect

ofVectobacandBactimosWPagainstpopulationsofAesqua
migerlarvaeObservations48hoursaftertreatmentindicated
thattheVectobacWPhadreducedpopulationsby33 79

and92atdosageratesequivalentto14 and3kgper
hectarerespectively AtsimilarratestheBactimosWPre

ducedpopulationsby77 92 and90 respectivelyThe
effectivenessoftheserelativelylowtreatmentlevelsintypical
AesquamigerhabitatindicatethatBticouldplayauseful
andselectiveroleforthecontrolofthisspeciesOtherformu
lationssuchasgranularorsandmixturesmaybemoreef
fectivethanthewettablepowderswhereemergentvegeta
tionisdense

Table1TreatmentofAesquamigerwithBtiinbrackishwater
AlamedaCountyCaliforniaJanuary1982

Formulation

kgha Pretx

2VectobacWP
025 73 73

050 92 99
075 84 82

3BactimosWP
025 74 99

050 47 60

075 103 101

Controls 91 76

xlarvaedip
SD Post48hrs SD Reduction

49 77
19 36

07 15

17 28
04 10
10 13

94 78

33
79

92

77

92
90

1Plotsize 100m3replicatesateachdosageandcontrol12dips
eachreplicate

2Wettablepowder2000AAunitsmgmproduct
3Wettablepowder3500AAunitsmgmproduct
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InthesetestswithAesquamigera48hourobservation
periodwasusedbecausemanylarvaeparticularlythelater
instarswerestillaliveafter24hoursalthoughmanyappeared
sluggishandsickApparentlymanyofthesesicklarvae
diedaspopulationcounts48hoursposttreatmentrevealeda
sharpreductionoverthecontrolplotsandonlyafewsluggish
appearinglarvaewereseeninmosttreatedplotsOriginally
itwasbelievedthatthelowwatertemperaturesbetween5
and13Cwereresponsiblefortheprolongeddieoffhowever
constanttemperatureexperimentsat8Cinthelaboratory
withwildcaught3rdinstarAesquamigerlarvaeinbrackish
waterrevealedacompletemortalityafter24hoursatrates
equivalentto025kgha Theseresultssuggestthatlow
temperatureswerenotprimarilyresponsibleandthatother
stillunknownfactorsareinvolved

PrevioustestshavedemonstratedthatBtiwettablepowder
iseffectiveagainstCxpipiensandCsincidensincatchbasins
intheBayAreaDuringthepastseasonaslowreleaseformu
lationBriquetbyBactimoswasappliedtotestcatchbasins
inanattempttosuppresspopulationsforlongerperiodsof
timeProblemsassociatedwiththecatchbasinsselectedfor

treatmentandcontrolincludedmarkedchangesinwater
volumecontaminationwithmotoroildetergentsleaflitter
andothertrashanddebris Theseuncontrollablechanges
wereatleastpartlyresponsibleforthewidevariationsin
mosquitolarvaefromonesamplingperiodtothenextand
forthecompletedisappearanceduetodryingandoilcon
taminationintwocontrolandfivetestbasinsResultsin

Figure1fromtheremainingthreetestsandsinglecontrol
basinshowearlyinstarlarvaetoberelativelyunaffectedby
thetreatment Itisbelievedthatpossiblytheearlyinstars
werenotingestingtheBtiduetoparticlesizeorsomething
elseassociatedwiththepelletLateinstarlarvaeintestbasins
remainedatlowlevelsforaboutfiveweekshoweverthe
levelsof3rdand4thinstarlarvaeintheoneremainingcontrol
werealsolowthusmakingitdifficulttodrawanycon
clusionsMoreextensivetestingisnecessarytoproveefficacy
ofthismaterialagainstcatchbasinmosquitoes

TheresultsoftreatmentwithBactimosWPandFCand

VectobacWPagainstCxtarsalisandCsincidensinadrainage
canalinMarinCountyareshowninTable2Resultswere
generallyverygoodtoexcellentinalltestplotsexceptin
thosewherealgalmatscoveredthewatersurfaceextensively
Inplotswhere90ofthesurfacewascoveredthereduction
oflarvaewasstronglyaffected Presumablyunderthese
conditionsmuchofthepathogenremainedinthematsand
thuswasunavailabletothelarvaeresidingbelowHowever
wheretheemulsifiablesolutionwasusedat24kghaandalgal
matscoveredabout80ofthesurfacetheresultsapproached
thoseoftheopenwaterplots

IrrigatedpasturetestsagainstAenigromaculisinContra
CostaCountyareshowninTable3ThesandBtioilmixture
provedveryeffectiveinreducingAenigromaculispopulations
indensepasturevegetationThelowerefficacyatthehigher
dosageplotswasafewcentimetersdeeperthanpretreatment
levelsItisbelievedthattheGoldenBearoilusedasabinder

forthewettablepowderhadnodirecteffectonlarval
mortalitysinceitamountedtoonlyabout150and300grams
perhectareforthelowandhighdosagerespectively

Thefinalseriesoftestsreportedherewereconductedat
GrayLodgeWildlifeRefugeinButteCountyAspartofthe
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developmentofanintegratedcontrolstrategyfortherefuge
severaldifferentformulationsweretestedinordertoevaluate

themosteffectiveonesforconditionsontherefuge
AvarietyofVectobacformulationsweretheprincipal

materialsexaminedduringthesestudiesTheresultsofall
investigationswithBtiatGrayLodgeareshowninTable4
VectobacWPwasappliedwithwaterandinasandoilmixture
atratesthatrangedfrom25to12kghaover400Mplots
Thehighconcentrationofwettablepowderat75kghawas
veryeffectiveinreducinglaterinstarsofAemelanimon
whiletheresultsatthelowerrateof5kghaagainst2nd
instarlarvaewerenotasencouragingWhenmixedwithsand
andoileffectivecontrolwasachievedatratesbelowhkgha
IntwoteststheamountofBtiwasreducedwhiletheamount

ofsandwasincreasedorheldconstantie38kgwettable
powderin30kgsandhaand25kgwettablepowderin20
kgsandha Itwasbelievedthateffectivecontrolmight
bepossiblewithlowerratesofBtiprovidingtherewasan
adequatedispersalofthepathogeninthetestareaThe038
kghain30kgsandprovedrelativelyeffectivereducinglarval
populationsby91 Howeverthelowerrateof025kgha
in20kgsandwasnotparticularlyeffectiveandthepercent
reductionamongtheplotswashighlyvariablerangingfrom60
to80

WI10

100
Q 90

LL 80

70
cr

0360
50

Z40
Z
Q30

2 20

I0

0

Table2TreatmentofCxtarsalisandCsincidenswithBtiinanopen
drainagecanalMarinCountyCaliforniaMay1982

Formulation xlarvaedip Algal

kgha Pretx SD Post48hrsSD Reduction Mats

3BactimosWP
072 33

036 65
27
37

4BactimosFC
24 41 34

12 114 85

5VectobacWP
10 130 74
05 128 119

Controls

Set1 64 44

Set2 104 58

11 13 67 90
04 07 93 0

03 07 93 80

08 09 93 0

31 28 76 10
60 58 53 90

67 61 10

126 106 90

tPlotsize 50m2 3replicatesateachdosageandcontrolset15dips
eachreplicate

2
surfaceareacovered

3Wettablepowder3500AAunitsmgmproduct
4Emulsifiablesolution1000AAunitsmgmproduct
5Wettablepowder 2000AAunitsmgmproduct

CONTROL 1stand 2ndinstars

03rd and 4th instars

IS1stand 2ndinstars

TREATED and 4th instars

26 2 9 16 24

AUGUST

Figure1MortalityofCulisetaincidensincatchbasinsaftertreatmentwithBactimosslowreleaseBriquet400AAunitsmgm



Table3TreatmentofAenigromaculisandAemelanimonwithBtiinirrigatedpasturesContraCostaCountyCaliforniaJuly1982
Formulation xlarvaedip

kgha sandkgha Pretx

2Bactimos wpsand
050 20 49

025 10 43

Controls 57 73

1Plotsize 1000mSamplesizenoreplicatesXnodips

2Wettablepowder3500AAunitsmgmproductmixedinsand oil

TheVectobacESappliedatratesof to1kghareduced
populationsfrom87to99 Allplotsintheseexperiments
werecomposedofrelativelylateinstarlarvaeinwaterlessthan
20cmdeep

TheVectobacgranuleswereeffectiveatthehighandat
oneofthepairedlowerratesThecauseforthedifferences
betweenthesetreatmentsisnotclearhoweverwatercurrents

resultingfromtransferofwaterfromonefieldtoanother
anddifferencesindepthamongtheplotsmayhavebeen
responsiblefactors

TheslowreleaseformulationofVectobacpelletswas
appliedatratesof83kghaThismaterialeffectivelyreduced
largepopulationsof2ndinstarlarvaeconcentratedalongthe
shoreedgeofplotsinwhichthewaterwasonly4to5cmin
depthTable4Thissameratefailedtoreducepopulations
ofCxtarsalisAnophelesfreeborniandAedessppinwater
30to50cmindepthresultsnotshownhereItisbelieved
thattheeffectivetoxinavailablefromthisslowrelease

formulationwasinsufficientandorunavailabletothelarvae
indeepwater

Bactimosgranulesappliedattherecommendeddosageof
4kghareduced4thinstarpopulationseffectivelyAlower
dosagemaybeeffectivewiththismaterialTheBactimosWP
insandandoilmixat73and36kghareduced4thinstar
populationsby93and84 respectivelyTable4

CONCLUSIONSTherenowappeartobeBtiformula
tionsthatareeitherpracticalorapproachingpracticalityfor
severalmajormosquitobreedinghabitats Althoughmore
needstobedoneintheareaofformulationtheresultsof
thesestudiesindicatetheefficacyofproductsnowavailable
andundertestisveryencouraging Furtherthewettable

powderformulationmixedwithsandandoilappearstobean
effectivemethodfordispersingBtiinthickemergentveget
ation

SD Post24hrs SD Reduction

49 09 13 81

35 02 04 96

53 29 7
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Table4TreatmentofAedesmelanimonwithBtiinfloodedfieldsGrayLodgeWildlifeRefugeButteCountyCaliforniaSeptemberOctober1982

Formulation xlarvaedip
kgha sandkgha larvalinstar Pretx SD Post24hrs SD Reduction SampleSize
2Vectobac WP

075 34 507 509 21 34 96 3x20
050 2 227 145 42 60 81 2x20

3Vectobac WPsand
120 50 4 126 87 05 08 96 5x20
060 25 4 25 20 02 06 92 4x20
050 20 2 326 345 06 09 98 3x20
038 30 2 107 68 10 18 91 3x20
025 20 2 148 102 40 32 73 3x20

4Vectobac ES

100 34 739 833 11 16 99 3x20
100 4 57 63 02 05 97 3x20
075 34 73 69 08 15 89 4x20
050 4 52 47 07 12 87 4x20

5Vectobac Granules

75 4 300 423 17 30 94 2x40
50 2 111 83 23 19 79 3x20
50 2 370 346 07 11 98 3x20

6Vectobac Pellets

83 2 608 1015 06 11 99 3x20

7Bactimos WPsand
073 28 4 204 162 14 15 93 5x20
036 14 4 40 32 07 13 84 3x20

8Bactimos GranularC

80 4 56 51 05 10 91 3x20
40 4 120 74 15 15 88 4x20

Plotsizes400mSamplesizenoreplicatesxnodips
2Wettablepowder2000AAunitsmgmproduct
3Wettablepowdermixedwithsandandoil
4Emulsifiablesolution1000AAunitsmgmproduct
5300AAunitsmgmproduct
6250AAunitsmgmproduct
7Wettablepowder3500AAunitsmgmproduct
s160AAunitsmgmproduct

Controls35repseachdosagenotshownbecausenoappreciablereductioninlarvaenoted



EVALUATIONOFBACILLUSTHURINGIENSISSEROTYPEH14

FORMULATIONSFORCONTROLLINGMOSQUITOESINTHEMENDOTAWILDLIFEAREA

FSMulliganIIIandCHSchaefer

ABSTRACT

INTRODUCTIONTheproteintoxinofBacillusthu
ringiensisserotypeH14BtH14hasproventobeeffective
incontrollingimtnaturesofvariousmosquitospeciesGarcia
andDesRochers1979Innocuityofthetoxintoassociated
aquaticinvertebratesotherthansuchcloselyrelatednemato
ceranfamiliesasSimuliidaeandChironomidaehasbeen

reportedbyColboandUndeen1980Miuraetal1980and
Purcell1981Thetoxindoesnotdepressthepopulationof
immaturecoleopteransthustheycanbeeffectiveincontrol
lingmosquitoesMulliganandSchaefer1981Suchabiolog
icaltoxincanbeintegratedwithnaturalpredationinpesticide
sensitivehabitatswheremaintenanceofaquaticfaunais
desired Stateandfederalwildliferefugesrepresentsuch
habitats

LocatedinwesternFresnoCountytheMendotaWildlife
AreaisarefugeadministeredbytheCaliforniaDepartmentof
FishandGameThiswildlifeareaisoneofthemajormos
quitoproducingsourcesintheFresnoWestsideMAD
FWMAD Theprinciplespeciesatwhichthelarvicide
operationsaredirectedareAedesmelanimonDyarandCulex
tarsalisCoquillettAtpresenttheFWMADrelieschieflyupon
theboardspectrumpoisonsethylandmethylparathionIn
areaswhereorganophosphorousresistanceislowparathion
continuestobeusedinmosquitocontrolbecauseofitseffi
cacyandlowrelativecost

ThispaperreportstheevaluationofnewBtH14formula
tionsforuseinthewildlifehabitatAlsotheimpactsofBt

CaliforniaDepartmentofFishandGamelocatedinwestern
FresnoCountyCalifornia

2UniversityofCaliforniaMosquitoResearchLaboratory5544Air
TerminalDriveFresnoCalifornia93727

LiquidformulationsofBactimosTMandTeknarTMBtH14
wereeffectiveinthecontrolofimmatureCulextarsalisCoquillettat
05kghaAnairplaneapplicationofTeknarACtoaMendotaWildlife
AreawetlandsfieldprovidedoperationalcontrolofCxtarsalisat056
kghaA2wtwtcorncobgritgranuleformulationofBactimos
wasmoreeffectivethanaBactimossandgranulebygroundapplication
ImmatureCxtarsalisatMendotawerereducedby97withanaircraft
applicationofthecorncobgranulesMultipleapplicationsofmethyl
parathion01kgAIhaproducedmajorreductionsinimmature
mayfliesanddytiscidbeetleswhileapplicationsofVectobacT
BtH14didnot

31

H14andparathiononaportionofthewildlifeareasaquatic
faunaarecompared

MATERIALSANDMETHODSThefollowingformula
tionsofBtH14wereevaluatedinfieldtests Abbott

laboratoriesVectobacTMwettablepowderWP2000Aedes
aegyptiInternationalToxicUnitspermgSandozInc
TeknarTMaqueousconcentrateAC1500AAunitsper
mgBiochemProductsBactimosTMWP2500AAunitsper
mgandBactimosTMflowableconcentrateFC1000AA
unitspermgAlsotestedweretwogranularformulations
AcorncobgritgranuleformulatedwithBactimosprimary
powder2wtwtwassuppliedbyControlSystemsMinne
apolisMN Theothergranulewasauserpreparedsand
formulationcomposedof25BactimosWPand143mlof
bindingagentsuppliedbyBiochemProductsperkgofsand

Formulationefficacyagainstnaturalmosquitopopulations
wasevaluated Formulationrateareaandspeciestreated
dateandapplicationmethodarelistedinTable1Theim
maturemosquitopopulationsweresampledbycountingthe
numbersineachof3050dipstakenwithastandarddipper
alongatransectacrosseachfieldAnadjacentuntreatedcon
trolareaforeachtrialwassampledlikewiseRelativediffer
encesinpopulationswereattributedtothetreatments

EachfieldtestwasassignedaFieldTestNoFT Since

itisimpracticaltoincludealldetailsrecordedforeachtest
egtemperaturewindskycoverwaterdepthetcthis
informationwillbeonfileandavailabletointerestedpersons

Multipleapplicationsof5ECmethylparathionOccidental
ChemicalCompanyat01kgAIhaandVectobacWPat
11kghaweremadetoseparate11hawetlandsfieldson
eithersideofanuntreatedcontrolfieldontheMendota

WildlifeAreaThematerialwassprayedfromafixedwing
airplaneat94litersaqueoussuspensionperhaCriterion
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Table1SummaryoffieldapplicationsofBacillusthuringiensisserotypeH14formulationstovariousmosquitobreedingsourcesduring1982

FT
82 date

09 54

10 56

11 69

12 811

13 825

14 1011

15 1018

area

ha species instar

001 Cxtarsalis 234

005 Cxtarsalis 234
002

003

002 Aedes 34
34

2

002 Cxtarsalis 234

02 Cxtarsalis 234

10 Cxtarsalis 234

4 Cxtarsalis 234

forthenecessityofanapplicationwasbasedonanaction
thresholdof10immaturecombined3rd4thandpupal
stagesper10dips3litersofsamplewaterFWMAD

Thepopulationsofaquaticfaunanearthewatersurface
weresampledbydipper Twiceaweekforeachfield5
samplescomposedof10dipseachwereconcentratedona
34meshcmscreenplacedin95alcoholandreturnedto
thelaboratorywheretheorganismswerecountedundera
microscope

RESULTSANDDISCUSSIONResultsoftheformulation

testingareshowninTable1Bothoftheliquidformulations
TeknarACandBactimosFCperformedwellat05kghaFT
10thelowendoftheirrecommendeddosageratesEach
liquidwaseasilyhandledandsuspendedwellinwaterBy
comparisontheBactimosWPwithagreaterrelativelabor
atoryassayactivitywasonlyslightlylesseffectiveat5Xlower
rateAlowrate056kghaoftheTeknarACappliedby
airplaneprovidedoperationalcontrolofCxtarsalisinawet
landsfieldoftheMendotaWildlifeAreaFT15

Asandgranulewhichcanbereadilyformulatedfrom
BactimosWPbytheuserwaspreparedandtestedAfteran
initialhighreductionofCxtarsalisinasmallconfined
habitatFT9lessthanadequatecontrolwasobtainedfor
thesandgranuleapplicationsconsistentlyaround70re
ductionsNeitherthemethodofapplicationhornseederor
whirlingdiscgranulespreadernorthetargetspeciesaffected
theresultsalthough2ndinstarlarvaeappearedmoresuscept
ibleFT11AlsobyincreasingthepercentageofWPonthe
sameamountofsandcarrierinFT13theefficacywas
actuallydecreased Inthelatterinstancemorebinderwas

addedwiththeincreasedamountofWPItisspeculatedthat
theaddedbindermayhavestrengthenedthebindingmatrix
andallowedlessreleaseofWPuponimpactwiththe

methodof

application

whirlingdisc BiosandG 029 99

handsprayer

handsprayer
hornseeder

hornseeder

whirlingdisc

hornseeder

hornseeder

whirlingdisc

formulation

BioWP

BioFC

SanAC

BioWP

BiosandG

BiosandG

BiosandG

BiosandG

BiosandG

BiosandG

BiocorncobG

airplane BiocorncobG

airplane SanAC

rate percent
kgha reduction

010 93

050 97

050 100

025 93

029 70

029 83

029 63

029 70

030 70

045 16

020 86

024 97

056 98

tAedessppreferstoamixedpopulationofAemelanimon92 andAenigromaculis8
2FormulationdesignationsBiobiochemProductsSanSandozIncWPwettablepowderFCflowableconcentrateACaqueousconcentratecorn

cobGcorncobgritgranulesandGsandgranules

watersurface

Furtheractivityofthesandgranulesdeclinedwithtimein
storageWithstorageat22 2Cthegranulesshowed918
35and38lossofactivitybelowthatofnewlyformulated
granules233036and41daysafterbeingformulated

CorncobgritgranulesofBactimosatalowerrateoutper
formedthesandgranulesAnaerialapplicationofcorncob
granulestoawetlandsfieldintheMendotaWildlifeAreapro
duceda97reductioninCxtarsalisTheincreasedefficacy
oftheairtestoverthatobtainedonthegroundwasinpart
duetotheamountofactualingredientappliedbutprimarily
itwasattributedtothemorecompletecoverageprovidedby
theincreasedvolumeofthecarrierpertreatmentsurfacearea

TheheavyproteintoxinofBtH14doesnotdiffuse
wellthroughwaterandspreadersseeminefficientindispersing
thetoxinthusmoreparticlesofthecarrierperunittreatment
areaareneededtoevenlyandthoroughlydistributethetoxin
Corncobgritbybeinglessdensethansandofferedmore
particlesandmorebindingsurfaceareaperweightthansand
Thelightweightofthecorncobgritmadeitmoresubjectto
winddrifthoweveritpenetratedvegetativecoveradequately

Duringthecourseoftheimpactstudyofmultipleappli
cationsofBtH14andmethylparathionthefollowing
aquaticinsectimmaturesweresampledinnumberssufficient
forcorrelation EphemeropteraCallibaetisspColeoptera
LaccophilusmexicanusmexicanusAubeLmatristernalis
CrotchThermonectusbasillarisHarrisDipteraAedes
melanimonDyarandCulextarsalisCoquillettAllthreeof
thecoleopteranspecieswereofthepredaciouswaterbeetle
familyDytiscidae

TheinitialfloodingofthefieldsproducedAemelanimon
afloodwatermosquito Thisspeciespredominatedinthe
samplesforthefirstweekineachfieldandwerethereafter



replacedbyCxtarsalisforthedurationofthestudyperiod
AmethylparathiontreatmentonJune21981resultedin
100controlofAemelanimonAdditionalparathiontreat
mentsonJune10andJune24reducedCxtarsalispopula
tionsby88and100 respectivelyApplicationsofVectobac
WPwerelesseffectiveCxtarsalisweredecreasedby85and
91aftertreatmentsonJune18and24Thesevalueswere

baseduponcombinedmeansfor2nd3rdand4thinstar
larvae

Figure1showsgraphsofthesamplemeansformayflies
combineddytiscidbeetlesandmosquitoes3rd4thandpupal
stagesforeachofthefieldsMajorreductionsinthenumber
ofmayfliesanddytiscidbeetlesaswellasmosquitoescor

S

Of
0

OA

f

0

4

3

Kf

MethylParathion

respondedtoeachapplicationofparathionwhichresulted
incyclesofdepressionandresurgenceIncontrastthetwo
groupsreachedsteadylevelswhichwerecomparableinboth
theuntreatedandBtH14treatedfields

MidJunedepressionsinthenumbersofmayfliesanddytis
cidbeetlesoftheBtH14fieldwereslightincomparisonto
theparathioninducedreductions Therewasnoindication

thatthesedepressionsresultedfromthefirstBtH14treat
mentbaseduponthelackofresponsetoasecondtreatment
Indeedtheuntreatedmayflypopulationshowedasimilar
depressionAlsothefirst2weeksintheBtH14fieldwere
markedbyunstablewaterdepthcausedbytheprolongedtime
requiredtofloodthefieldmorethantwicethefloodingtime
oftheothertwofields

EPHEMEROPTERA

BacillusthuringlensisserotypeH14
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FigureIComparativeimpactsonselectedimmatureaquaticinsectpopulations
ofmultiplemethylparathion01kgAIhaandBthuringiensisserotypeH14
11kghaapplicationsarrowstoseparateMendotaWildlifeAreawetlands
fieldswithanuntreatedcontrol
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Asthenumberofdytiscidbeetlelarvaeintheuntreated
fieldincreasedthenumberofolderstagemosquitoimmatures
decreasedWithonlynaturalpredationandwithoutcontrol
agentapplicationthenumberofmosquitoesintheuntreated
fielddroppedbelowtheactionthresholdafter2weeksand
remainedbelowforthedurationofthestudyThisinverse
correlationbetweenthepopulationsofthesepredatorsand
theirpreywasalsoevidentinapreviousMendotastudy
MulliganandSchaefer1981whenafterasingleBtH14
applicationandinpresenceofhighpredatornumbersno
mosquitoimmatureswererecoveredfor22daysPredator
numbersweresignificantlygreaterintheearlierstudy

InthisstudytheintegrationofBtH14withpredators
didnotdecreasethenumberofnecessaryapplicationsbelow
thatofparathionAnearlytreatmentagainstAemelanimon
wasneededbutcancelledduetotheprolongedperiodof
flooding Whilepredaciousdytiscidimmatureswillnot
suppressthenumberofmosquitoimmaturesbeneathanaction
thresholdineverycasetheuseofacontrolagentcompatible
withpredatorpopulationsismostdesirableNotonlyisthe
faunalrichnessofthehabitatenhancedbutthepossibility
ofbenefitsfromnaturalpredationispreserved
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THEEFFICACYOFBACILLUSSPHAERICUSINCONTROLLINGMOSQUITOES

BREEDINGINSEWEREFFLUENT

BDesRochersandRGarcia

INTRODUCTIONBacillussphaericusisanaerobicspore
formingmicroorganismfoundinsoilandaquaticsystemsThe
firststrainofBsphaericuspathogenicformosquitolarvaewas
isolatedin1965inCaliforniafrom4thinstarCulisetaincidens

Kellenetal1965 Sincethattimeanumberofstrains

pathogenicformosquitolarvaehavebeenisolatedaroundthe
worldWHO1980 Ingeneralthebacteriashowsawide
rangeofactivityagainstmosquitospeciesbutisparticularly
activeagainstthegenusCulex

Bsphaericusisknowntorecycleundercertainconditions
especiallythosewherethewaterisrichinorganicmaterials
Studieshavebeenconductedinseweragetreatmentfacilities
inFloridaandhaveshownpromisingresultsinprolongedcon
trolanapparentresultofrecyclingofthebacteriainthe
sewerwaterHornbyetalshowedthatBsphaericusoffered
aneconomicalmethodforcontrolofCxnigripalpisinsewage
unitswith100controlaslongasthesporeconcentration
remainedabove1x10sporemlDetectablecontrolwas
observedaslowas17x10100controlwasobservedfor
over60daysandwascorrelatedwithasporecountofbetween
6x10to2x10Hornbyetal1979

Studieswereconductedinthislaboratorytodetermine
whetherBsphaericuswasefficaciousagainstCxpipiens
inprimaryandsecondarysewereffluentandtheextentto
whichitwouldrecycleundertheseconditions

MATERIALSANDMETHODSBacillussphaericusstrains
2362and1592producedbyHDulmageweresuppliedby
EDavidson Thestrainswereprovidedinadrypowder
formulationwhichcontainedapproximately10sporesmg

ThisresearchwassupportedinpartbySpecialStateFundsfor
MosquitoResearchinCalifornia

2HDulmageUSDABrownsvilleTexas
3EDavidson ZoologyDepartmentArizonaStateUniversity

TempeArizona

DivisionofBiologicalControlUniversityofCalifornia
Berkeley1050SanPabloAvenueAlbanyCalifornia94706

ABSTRACT

TwostrainsofBacillussphaericus2362and1593producedby
HDulmageweretestedagainstalaboratorystrainofCulexpipiens
insecondaryandprimarysewereffluentBothstrainsinducedcom
pletemortalityalthoughhigherconcentrationsofthebacteriawere
neededintheprimaryeffluentStudiesalsoshowedthisbacteria
capableofcontinuedgrowthinsecondarysewerwaterwhichcontained
mosquitolarvaeatthetimeofinoculation
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Inaninitialexperimenttodeterminetheeffectivenessofthese
strainsinsewerwaterabioassaywasconductedatfour
concentrationsofthebacteria1x101x101x10
and1x106mgmlTestswereconductedinprimaryand
secondarysewereffluentaswellasindistilledwaterSewer
waterwascollectedfromtheNovatoSewerPlantpredomin
antlydomesticsewageinMarinCountyAlaboratorystrain
ofCxpipiens3rdinstarwasusedasthetestorganismand
experimentswereconductedin6ozglassjamjarscontaining
atotalvolumeof100mlAlltestswereconductedindoors

atatemperatureof21 2CAbbottsmethodwasusedto

correctformortalityinthecontrols
Anotherexperimentwasdesignedtomonitorthelengthof

activityanddegreeoftoxicityofBsphaericusstrain2362
againstCxpipiensinsecondarysewerwaterJarscontaining
100mlofsewerwaterandeither10or503rdinstarlarvae

wereinoculatedwiththreeconcentrationsofbacteria 1x

101x10and1x106mgmlofthedriedpowder
formulationMortalitywasrecordedafter48hoursand72
hoursAfter12days3rdinstarCxpipienswereonceagain
addedtothesejarsthedeadlarvaehadnotbeenremoved
andmortalitywasrecordedafter24and48hoursAlldead
larvaewerethenremovedfromthejarsandthetestwater
foreachconcentrationwasdilutedwithdistilledwater10
100and1000foldEachdilutionwasreplicated3timesand
103rdinstarlarvaewereagainusedasthetestorganism
Mortalitywasrecordedat48and72hoursThedeadlarvae
thathadbeenremovedfromthejarswerewashedseveral
timesindistilledwaterandaddedtojarscontaining100ml
ofdistilledwater TenCxpipienslarvaewerethenadded
eachweekfor6weeksandmortalitywasrecorded24hours
aftereachadditionoflarvae

RESULTSANDDISCUSSIONBacillussphaericusstrain
2362appearstobethemostactiveagainstCxpipiensin
bothprimaryandsecondarysewereffluentFigure1Figurel
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1ProducedbyHDulmageUSDABrownsvilleTexas

10

Bsphaericus

alsoshowsthedifferenceinmortalityrateswhenstrain
2362istestedagainstCxpipiensindistilledwater The

mortalityinthedistilledwateralthoughreportedinthis
graphaspost72hourswasactuallycompletedbetween
24and48hoursThiswasincontrasttothemortalityinthe
sewerwaterwhichwasnotatallevidentuntil48hourspost
inoculation Thustheobservationperiodwhichwould
generallyendat48hourswasextendedto72hours

Intheexperimentdesignedtomonitorthelengthof
activityanddegreeoftoxicityofBsphaericusmortality
after48hoursinthejarswith10larvaewasasexpected
frompreviouslyrunbioassaysInthejarswith50larvaethe
percentmortalitywaslower Forexampleat1x10
mgmlthemortalitywas23asopposedto70inthejars
with10larvaeTable1Thejarswerethensetasideand
eventuallydeadlarvaewereseeninalljarsincludingthosewith
thelowestconcentrationsWhenCxpipienswasonceagain
addedafter12days100mortalitywasnotedinjarsthat
initiallycontained1x10and1x10mgmlBsphaericus
and90mortalityinjarswith1x10mgmlTable1
Thismortalitywasrecordedafteronly24hoursAsthere
wasnomortalityinthecontrolsitwasassumedthatthe
Bsphaericuswasnotonlyresponsibleforthemortality

SECONDARY

Nolarvae

perjar

SewerWater

10

50

mg ml

DistilledWater

Concentration

mgml

PRIMARY

10 100

105 70

106 0

C 0

10 100

105 23

106 0

C 0

10 104 100

105 100

10 37

Cnofood 0

Cfood 0

STRAIN

2362

1593

Figure1TheeffectsofBacillussphaericusstrains2362and1593againstCulexpipiensinprimarysecondarysewereffluent
anddistilledwaterWatertemperature155C

Table1EfficacyofBsphaericusagainstCxpipiens3rdinstar
strain2362insecondarysewereffluent72hoursand13days
postinoculation

Mortality
Post72hours Post13days

1Larvaeadded0hours
2Larvaeaddedpost12daysmortalityrecordedpost13days

100

93

0

100

93

0

100

0

0

31hsolutionTetraminandliverpowderaddedtothesecontrolafter
24hours



butalsoincreasinginconcentrationinthetestjarsThesewer
waterforeachconcentrationwasthendilutedupto1000fold
todeterminetheextentofthisincreaseSeventytwohours

afterCxpipienswereaddedextensivemortalitywasnotedin
mostofthejarsTable2Interestinglyinjarsoriginally
inoculatedwith1x10mgmlanddiluted1000foldmor
talityrangedfromanaverageof57inthejarsthatinitially

Table2Resultsofdilutingsewerwaterheld13daysandcontaining

threedosagelevelsofBsphaericusstrain2362eachwith10
and50Cxpipiens3rdinstarpertestjarPost72hours
readings

Original Dilution Mortality
ConcentrationFactor 10LJAR 50LJAR

mgml

1x10

1x10

10

100

1000

10

100

1000

10

100

1000

100

100

97

97

93

60

87

63

57

100

100

93

100

97

87

100

100

97

3replicatesdilution Nomortalityincontrols

contained10larvaetoanaverageof97inthejarsthat
initiallycontained50larvaeInthejarscontainingthedead
larvaeanddistilledwater100mortalityofCxpipienswas
notedwithin24hoursandeachweekthereafterforalmost6

weeks

CONCLUSIONSTheseresultsareextremelyencouraging
andsupportoberservationsmadebyHertleinetal1979and
othersthatshowBsphaericuscapableofcontinuedgrowth
andactivityagainstmosquitoesbreedinginrichorganicwater
forlongperiodsoftimeTheresultsofthelaboratoryexper
imentspresentedheresuggestthatthebacteriaaregrowing
inthejarswiththesewerwaterandlarvaeprobablyusingthe
cadaversforanutrientsourceThereisalsosomeindication

thattheinitialpopulationlevelsmaybeanimportantfactor
influencingthelevelsofbacterialgrowth
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CONTEMPORARYAPPRAISALOFTHEPOPULATIONDYNAMICSOF

INTRODUCEDCICHLIDFISHINSOUTHCALIFORNIA

EFLegnerandFWPelsueJr

ABSTRACT

PopulationsofthreeAfricancichlidsTilapiazilliiGervais
SarotherodonTilapiamossambicaPetersandShornorum
TrewazasthatwereintroducedinthesouthwesternUnited

Statesoriginallytoimprovethegamefisheryandsubsequently
asbiologicalcontrolsofaquaticweedsmosquitoesand
chironomidmidgesHallock Ziebell1970Hauseretal

19761977Legner Medved1973Legneretal19731975
StAmant1966continuetoflourishwithoutmanagement
inirrigationchannelsanddrainsgolfcourselakessewage
treatmentlagoonsfloodcontrolchannelsandtheSaltonSea
ofsouthCaliforniaAlthoughthesefishcaneffectivelyreduce
noxiousaquaticweedsintheirrigationsystemLegner1979
Legner Fisher1980Legner Murray1981theirmani
pulationhasthusfarproventootediousformostirrigation
districtsLegner 1979 Thusthesetropicalspecies
effectivenessislargelyconfinedtothosewaterdeliverychan
nelsanddrainsinwhichtheycanoverwinterManyofthe
drainsinthelowerColoradoDesertirrigationareasofsouth
easternCaliforniathathavethermalinletssustainnatural

standsofthesefishHoweveramongthechannelsonlythe
allAmericanandCoachellaMaincanalshavetherightcondi
tionsforoverwinteringPresentlythepopulationofTzillii
intheAllAmericanCanalislargeenoughtoevokeasignifi
cantreductionofthenewlyintroducedaquaticweedHydrilla
verticillataRoyleaswellasotherproblemspeciesPota
mogetonpectinatusLandMyriophyllumspicatumvar
exalbescensJepsonLegner Murray1981

IntheSaltonSeaTzilliiisnowoneoftheprincipal
gamefisheswith18k03mlongfishcommonlybeing
caughtbyanglerstheyearroundAsignificantroleofthis
herbivoreinsectivoreasafoodsourceforincreasingtheden
sitiesoflargerpredatorygamefishisalsosuspected

ThepopulationofSmossambicahornorumcomplex
nowfirmlyadaptedtotheCoyoteCreekfloodcontrolchannel
intheLosAngelesbasinLegner Pelsue1980Legneretal
1980annuallyattainsdensitiesexceeding20adultfishper

iUniversityofCaliforniaDivisionofBiologicalControlRiverside
California92521

2SoutheastMosquitoAbatementDistrict9510SGarfieldAvenue
SouthGateCalifornia90280

IntroducedcichlidsSarotherodonandTilapiacontinuetoflourish
insouthCaliforniaprovidingexcellentbiologicalcontrolofchirono
midsmosquitoesandaquaticweedsaswellasconstitutingasignifi
cantgamefishery

squaremeterMigratorypopulationsofthisfishhavebegun
toregularlycolonizeotherchannelsofthefloodcontrol
systembygainingaccessfromthelittoralzoneofthePacific
OceanTheirbiologicalcontrolimpactagainstmidgesofthe
genusChironomusisespeciallypronouncedandsufficientto
eliminatetheneedforinsecticideapplications Behavioral

changesinthisfishpopulationhaveprogressedtoalevelwhere
colonizationoftheswiftlymovingSanGabrielRiverwith
currentsregularlyexceeding1msechasbeenpossible

AnotherpopulationofSmossambicahasadaptedto
sewagetreatmentlagoonsandgolfcoursepondsinthe
CoachellaValleywherechironomidmidgesareabatedto
nonannoyancelevelsGStainsperscommunAlthough
thechironomidforagingablityandtoleranceoflower
temperaturesinTzilliiissuperiortoSmossambicaLegner

Medved1973theformerspecieshasnotbeenableto
adapttothishabitat Themorefullyexpressedmouth
broodinghabitsofSmossambicaespeciallymayaccountfor
thisbyenablingthesurvivalofagreaternumberoffryinthe
presenceofpredatorybassbluegillsandcatfish

Expandedandintensifiedbehavioralandecologicalstudies
ofthesethreecichlidsinCaliforniaarecertainlyjustified
giventheirobviousimportanceinpracticalmosquito
chironomidandaquaticweedsuppressionHoweverthereare
presentlynoknownscientificstudiesprogressing
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PROGRESSREPORTONMICROTURBELLARIANSANDOTHERFACTORS

AFFECTINGMOSQUITOABUNDANCEINRICEFIELDS

SusanPalehickandRobertKWashino

DepartmentofEntomologyUniversityofCaliforniaDavis

ThedensityofmosquitoesbreedinginCaliforniaricefields
hasbeenshowntovarysignificantlyfromfieldtofieldwith
afewfieldsoftenresponsibleforalargeproportionofthe
mosquitopopulationItisnecessarythereforetoidentify
whicharethemostproductivefieldsinordertoeffectively
implementmosquitocontrolprograms

Variousfactorsthatmightcontributetodifferencesinmos
quitoabundancewereevaluatedinthisstudyPossiblediffer
encesbetweengeographicareasvariationduetofieldageand
watersourceinfluenceofriceheightpresenceofMesostoma
linguaamicroturtiellarianflatwormpredaciousonmosquito
larvaeanddifferencesbetweenlaserplanedandconventional
fieldswereinvestigated

RicefieldsintheSutterYubaMosquitoAbatementDistrict
weremonitoredeveryotherweekduringthe1982summer
Dipsamplesusingonepintmosquitodippersweretakenby
threepeoplespaced20metersaparttaking3dipsinonespot
at5meterintervalsThiswasrepeated10timesgoingout
perpendiculartotheleveeandthen10timesreturningtothe
leveeMosquitoandflatwormnumberswererecordedtheday
ofcollectionuponreturntothelaboratoryWatertemper
aturericeheightandwaterdepthwererecordedforfields
beginningJuly13

AssuggestedbyCollinsandWashino1979largeflatworm
populationsshouldexertconsiderablepressureontheCulex
larvalpopulation Localmosquitoabatementpersonnel
notedthatareasinNorthYubaCountymettherequirements
forhighflatwormnumbersTheywonderedhowthismight
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LegnerEFTWFisherandRAMedved1973Biologicalcontrol

ofaquaticweedsinthelowerColoradoRiverbasinProcCalif
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LegnerEFWJHauserTWFisherandRAMedved1975Bio
logicalaquaticweedcontrolbyfishinthelowerSonoranDesert
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LegnerEFRAMedvedandFPelsueJr 1980Changesin

chironomidbreedingpatternsinapavedriverchannelfollowing
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AgencyofCaliforniaDeptofFishandGameInlandFisheries
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fitinwithunusuallyhighlighttrapcatchesinthatareain
previousyearsThereforeweinvestigatedthedifferencesin
flatwormabundanceandlarvalmosquitopopulationsbetween
theareanorthofMarysvilleinNorthYubaCountycalled
District10andtheareainSouthSutterCountybetween
EastNicolausandRioOsoextendinguptoHighway65and
SouthBealeRoad Theflatwormnumberswereslightly

higherintheEastNicolausareabuttheextremevariability
prohibitsmakingacorrelationbetweenflatwormnumbersand
larvalpopulations ForCulextarsalisTable1thereisno
significantdifferenceinlarvalabundanceinthetwoareas
exceptfortheperiodbeginning816whentheSouthSutter
areahadmorelarvaeTheSouthSutterareaalsohasmore

AnophelesfreeborniTable2duringtheperiodsbeginning
621and816

IthasbeenhypothesizedbyCollinsandWashino1979
thatfieldsduringtheirfirstyearinricehaveahigherdensity
ofCrtarsalislarvaethanthosefieldsplantedinricefor
morethanoneyearTheyalsosuggestedthatfieldsirrigated
withwellwaterwillhavehigherCxtarsalisdensitiesthan
fieldsirrigatedwithditchwaterTheresultsofthisyears
samplingTable3showednosignificantdifferencebetween
eitherfieldageorwatersourceTheresultsforAnfreeborni
Table4werealsocomparedCombiningtheoldandnew
ditchwaterfieldsandcomparinglarvalabundancetothatin
wellwaterfieldsasignificantdifferenceisseenfortheperiods
beginning7571982and816 Wellwaterfieldhad

higherlarvaldensitiesinthesesamplingperiodswhilethe
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oppositewastrueduringthe830and913samplingperiods
GroupingtheAnophelesdataintermsoffieldagetherewas
nosignificantdifferenceinlarvalabundance

ThemicroturbellarianflatwormMesostomalinguahasbeen
showntopreyonmosquitolarvaequitereadilyinthelabor
atoryandinpredatorexclusionsentinelcagesinthericefields
Thereforewewantedtoevaluatesomefactorsofitsdistri

Table1ComparisonsofNorthYubaCountyandSouthSutterCounty
collectionsofCulextarsalislarvae

Collectiondate

62174

75718

71981

82815

816829

830912

913

Collectiondate

62174

75718

71981

82815

816829

830912

913

NorthYuba

85 144

4

378549

19

214657

18

51 90

18

21 41

18

06 12

17

02 05

4

NorthYuba

00 00

4

19 22

19

87 148

18

459660

18

376324

18

479344

17

SouthSutter

185401

13

324736

22

163502

23

193466

22

108186

22

02 04

11

Figuresincludethemeannumberper180dipsfollowedbythe
standarddeviationoverthenumberoffieldsinparentheses

Table2ComparisonsofNorthYubaCountyandSouthSutterCounty
collectionsofAnophelesfreebornilarvaeinricefields

SouthSutter

17 25

13

36 58

22

104181

23

584847

22

871 712

22

465 432 421401

4 11

Figuresincludethemeannumberper180dipsfollowedbythe
standarddeviationoverthenumberoffieldsinparentheses

butionrelatedtolarvaldistributionWefoundnoconsistent

patternFigure1ofdistributionaccordingtofieldageor
watersource Culexlarvaedidhavegreatersurvivorshipin
sentinelcagesearlyintheseasonThiscoincideswiththe
numbersofflatwormsincreasinglaterintheseasonasthe
seasonalpeakforCxtarsalisismidJulyandthepeakfor
MlinguaismidAugustAdefinitepredatorycauseandeffect
cannotbeestablishedfromthesedata

Theswitchfromtalltoshortstaturevarietiesofricehas

raisedthequestionofhowthismightaffectlarvalabundance

Table3ComparisonsofwatersourceandmeannumberofCulex
tarsalislarvaecollectedper180dipsinricefields

CollectiondateNewDitch OldDitch NewWell OldWell

62174

75718

71981

82815

816829

830912

913

353 363 04 08 314577 4545

3 7 5 2

219360 226538 364440823 1283

10 14 11 6

84 116 168623 368923 133135

10 15 9 7

22 37 53 80 1673273 398827
9 14 11 6

11 20 44 98 126 172 110243

9 14 10 7

07 11 02004 2020 00

7 5 2 3

05 07 025 05 00 033058

2 4 6 3

tFiguresincludethemeannumberoflarvae standarddeviation

overthenumberoffieldsinparentheses

Table4ComparisonsofwatersourceandmeannumberofAnopheles
freebornicollectedper180dipsinricefields

CollectiondateNewDitch OldDitch NewWell OldWell

62174

75718

71981

82815

816829

830912

913

000 01 04 0605 00

3 7 5 2

01 03 09 11 2444 80822

10 14 11 6

33 27 2726 71 95 370248

10 15 9 7

16599 207 162 69610131512801

9 14 11 6

239167 529528 8917181069686

9 14 10 7

634282 454483 320283 263167

7 5 2 3

810255 425591 378358 260123

2 4 6 3

1Figuresincludethemeannumberoflarvae standarddeviationover

thenumberoffieldsinparentheses
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LookingatCxtarsaliswefoundaslightnegativecorrelation
fortheperiodbeginning719and82withincreasedmos
quitonumberswithshorterrice Othersamplingperiods
showednocorrelationbetweenriceheightandnumbersof
CulexlarvaeThismaybeanartifactofthedevelopmental
timeofthelarvaebeingrelatedtotheplantingtimeofthe
ricealthoughthedatawasgroupedinto2weeksampling
periodstominimizethiseffect

Fieldswereevaluatedforthepossibleeffectoflaserplaning
onmosquitobreeding Changesinfieldpreparationresult
inchangesinchecksizeleveecontourswaterdepthwater
flowandcharacterofvegetationalongthelevees There

wasnosignificantdifferencebetweenlaserplanedandcon
ventionalfieldsfortheAnfreeborniortheMlingua

82815

SAMPLINGPERIOD

816829

OIdWell

OIdDitch

NewWell

NewDitch

830912 913

Figure1NumberofMesostomalinguacollectedindipsamples180dipswithstandardmosquitodipper

HowevertherewasadifferencefortheCxtarsaliswithlaser

planedfieldsproducingmorelarvaex 2824 599larvae
180dipsn 71thanconventionalfieldsx 904 309

larvae180dipsn 140
Whenevaluatingtheinfluenceofthepreviouslymentioned

factorsitisimportanttobearinmindthecomplexityofthe
interactionsAlsodefinitivestatementsregardinginfluenceof
individualfactorscannotbemadefromoneseasonssampling
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EVALUATIONOFGAMBUSIAAFFINISLEPOMISCYANELLUSAND

THEIRINTERACTIVEEFFECTONMOSQUITOCONTROL

LeonBlausteinandRobertKWashino

DepartmentofEntomologyUniversityofCaliforniaDavis

Astudywasinitiatedin1982tocomparetheeffectsofthe
mosquitofishGambusiaaffinisandthegreensunfishLe
pomiscyanellusonmosquitoesandotherorganismsinexperi
mentalriceplots Fourtreatmentswerecomparedin24
83mplots1controlnofish2Gaffinis 10female

and10maleadults3Lcyanellus 20adultssizerange
65105cmand4bothfish 20adultsofeachspecies
Fishwerestockedbetween15Juneand18June

Analysesofvariancewereperformedcomparingthe
numbersofdipcollectedmosquitoesandvariouspredatorsin
thedifferenttreatments Theanalysesincorporatedseven

MosquitofishGambusiaaffinisBairdandGirardsurvived
inanimpoundedwaterareawithinanundergroundstorm
drainsysteminFresnoCaliforniathrougha14weekperiod
duringthesummerof1982Thenumberandrelativecon
ditionKfactorofthestockedfishslowlydeclinedwiththe

UniversityofCaliforniaMosquitoResearchLaboratory5544Air
TerminalDriveFresnoCalifornia93727

2FresnoMosquitoAbatementDistrictPostOfficeBox2Fresno
California93707

ABSTRACT

ABSTRACT

samplingdatesfrom27Julyto7SeptemberCulextarsalis
andAnophelesfreeborniwereasabundantinthefishplots
asinthecontrolplots Afreebornipopulationswerehigher
intheLcyanellusplotsthanintheGaffinisplotsp005
Notonectidsweremoreabundantinthecontrolplotsthanin
thefishtreatmentplotsp001suggestingthatthesefish
maydirectlyreducethepopulationofthisfamilybypreda
tion DifferencesintheabundancesofBelostomatidae

AnisopteraZygopteraMesostomasppandTropisternusspp
allpotentialpredatorsofmosquitoesbetweentreatments
werenotdemonstrated

SURVIVALANDPREDATOREFFICIENCYOFGAMBUSIAAFFINIS

FORCONTROLOFMOSQUITOESINUNDERGROUNDDRAINS

FSMulliganIIIDGFarleyJRCatonandCHSchaefer

depletionofthefoodsupplyasdeterminedbyfishgutcon
tentanalysisatthetenthweekafterintroductionHowever
themosquitofishwereeffectiveinreducingthenumberof
adultCulexquinquefasciatusproducedinthedrainsystem
Reductionsof7589and94belowthoseofanuntreated
controlareawereobtainedafterthefirstsecondandthird

monthrespectivelyWhilefemalemosquitofishgravidbefore
introductionproducedoffspringnomatingoffishwithinthe
drainwasfound



PREYSELECTIONBYGAMBUSIAAFFINISINCALIFORNIARICEFIELDS

EFFECTOFVEGETATIONANDPREYSPECIES

AlisonLLindenandJosephJCechJr

PreypreferencesofGambusiaweretestedbothinasyn
theticPlexiglasricefieldmodelinthelaboratoryandin
screenedenclosuresinricefieldsThreezonesofvegetation
withinthericefieldwereselectedopenwatersubmerged
vegetationandmaturericestandwithcorrespondingsimula
tioninthelaboratorybytheuseofappropriateplastic
aquariumplantsFishwerepresentedwithaselectionoflive
preyitemsconsistingofequalportionsofuptothreeofthe
fourpossiblespeciesfourthinstarmosquitolarvaeofCulex
tarsalisadultcladoceransofDaphniapulexadultamphipods
ofHvalellaaztecaandsecondinstarcorixidbugsofCeno

DivisionofWildlifeandFisheriesBiology
UniversityofCaliforniaDavisCalifornia95616

ABSTRACT
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corixaspFishweregiven10minutestoconsumepreyand
thenpreservedinalcoholGutanalysisofthestomachcon
tentsdeterminedthenumberofeachpreyspeciesconsumed
Preliminarystatisticalanalysisconsistingofstudentsttests
showedCxtarsalistobethepreferredspecies1pulexand
HaztecatobeintermediateandCsptobetheleastcon
sumed Presenceofvegetationincreasedoverallpreycon
sumptionanddifferentiallyaffectedpreyspeciesselection
Cxtarsalisleftexposedbysubmergedvegetationwerepre
ferentiallyconsumedoverHaztecawhichtookrefugeinthe
bottomvegetation
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INTRODUCTIONCaliforniahasexperiencedachronic
shortageofmosquitofishGambusiaaffinis Traditionally
fishareseinedandcollectedfromlocalreservoirsofwaterways
suchassloughsConsequentlytherehasbeenaprogressionof
methodsusedtoproducelargenumbersofthesefishOutdoor
methodstodateincludeoverwinteringpondsCoykendall
1977racewaysforartificialproductionReynolds1977
andsmallshallowpondsforspawningfishJohnson1976
MorerecentlygeothermalpondshavebeenutilizedCheyne
1981 Howeverallthreeofthesemethodsaresubjectto
environmentalstresssuchasdroughtcontaminationand
predationandthereisalimitedavailabilityofgeothermalsites
Afourthmoreidealalternativewouldbetoproducefish
inanintensiveculturesystemwhichhasbothtemperature
andwaterqualitycontrolDrazbaandGall1980reported
onthefeasibilityofintensivecultureofmosquitofishunder
confinedspace Thislastalternativewasselectedasthe

methodofchoiceandexperimentswereconductedto
investigatethefeasibilityofcontinuousproductionoffish
yearroundatContraCostaMosquitoAbatementDistrict

Continuousproductioninthisreportisdefinedastheyear
roundproductionoffrywhichcanonlybeaccomplishedif
aconstantsupplyofgravidfemalesisavailableInorderto
achievethiseachexperimenthadthreephases1holding
populationsofadults2spawningchambersand3growth
offryThelimitationsofthesephaseswouldberelativeto
thecarryingcapacityofthesystemwhichisdefinedasthe
animalloadthatasystemcanholdSpotte1979Initial
workbyDrazba1980indicatedoptimalfrygrowtharound
1fryliterwhichwasthebasisforthefollowinggrowthand
productionstudies

Basicgrowthparameterssuchastemperatureandfishden
sityforoptimumproductionhavebeensuggestedbyCech
1981andDrazba1980respectivelyAsbothwerededuced

CONTINUOUSPRODUCTIONOFGAMBUSIAAFFINIS

CraigDownsandCharlesBeesley

ContraCostaMosquitoAbatementDistrict
1330ConcordAvenueConcordCalifornia94520

ABSTRACT

Methodologyaswellasproductionfiguresforacontinuouspro
ductionculturesystemforGambusiaaffiniswasinvestigatedPre
liminaryworkindicatedthatfishgrownat25grewasfastasthose
grownat30Candsurvivalwasbetterat25Frygrownatadensity
of43fry1grewfasterthanfryatadensityof85fry1althoughtotal
lengthgainpersystemwasgreaterat85fry1

Incontinuousproductiontrialsfrywereraisedto5monthsofage
Duringthistimegravidfemalesinthepopulationwereinducedto
spawnat34and5monthsNumberofmalesmaturefemalesgravid
femalesthatdroppedfryandnumberoffrydroppedwererecorded
FryproducedperfemalethatdroppedwascalculatedResultsshowed
amarkedincreaseinallcategoriesat5months

bysmallscaleexperimentswechosetoretestthesepara
metersinourproductionsystem Basedonpreliminary
resultsfromourdensityandtemperatureworkwedesigned
thefollowingapproachtoachievingacontinuousproduction
system Initialfrywouldbeobtainedbybringinggravid
femalesintothelabandinducingthemtospawnbyisolating
themandelevatingthetemperatureFrywouldbeseparated
intofourgroupsandgrownoutAtmaturitythesefrywould
bethinnedouttomate Gravidfemaleswouldthenbe

isolatedandinducedtospawnatpredeterminedintervalsFry
producedwouldbesubsequentlygrownoutinthelabspace
permittingorremovedtostockpondsSomefrywouldbe
retainedtoreplaceagingbroodstockasneeded

MATERIALSANDMETHODSTheDistrictconverteda

smallstoragebuildingintoanaquaculturelaboratoryfor
productionoffish Withinthebuildingtherearetwo
independentrecirculatingaquaticsystemsaspreviously
reportedBeesley1981Eachsystemiscomprisedoffour
tanks7x3x18 connectedtoasump22x22x30
a55galloncylindricalcarboybiofilteranda10gallonwater
heaterwhichisinturncontrolledbyathermoregulatorWater
ispumpedfromthesumptothebiofiltergravityfedtothe
tanksandreturnstothesumpbygravityoverflow The

biofilteriscomposedof4layersandtypesofrocka6
bottomlayerofCaliforniaGoldRocka6layerofdolomite
a6layerofpeagravelanda6toplayerofaquariumgravel
Bothsystemsarefullyindependentofeachother

Inalltrialstheinitialfrywereobtainedbybringinggravid
femalesintothelabplacingthemin4by4strawberry
basketslinedwith18or8x8meshwindowscreenand
elevatingthetemperatureto30CThisinduced90ofthe
femalestodropfrywithin7daysunpublisheddataFish
werefedtwicedailywithTetraminflakeadlibitumand
supplementedwith4gofArtemianaupliiweeklyPhoto



periodwasmaintainedat168lightdarkbyfluorescentlights
onanautomatictimerAllmeasurementsweremadeintotal

length
Thetwodensitiestestedwere85fry1and43fry1trials

wereconductedat25Cfor31daysTworeplicatesofeach
densityweretestedineachsystemThetwotemperatures
testedwere25Cand30Ctrialswereconductedfor8weeks
at24fry1Threereplicatesofeachtemperaturechosenwere
testedineachsystem

Twoconsecutivecontinuousproductiontestswerecon
ductedforfivemonthsat25CinonesystemEachtrial
consistedof1800fryobtainedfromamassspawnofwild
caughtgravidfemalesFourtankswereinitiallystockedwith
450fryeach1fryliterforfrygrowoutPopulationswere
thinnedoutateightweeksto120fishtank3fish1forthe
durationofthetestSexuallymaturemalesandfemaleswere
countedandspawningtestswererunat34and5months
Spawningtestswereconductedbytransferringthegravid
femalestotheothersystemat30Candisolatingfemalesin
individualchambersfortwoweeksNumbersoffemalesthat

spawnedwerenotedandfrywerecountedFemaleswere
thenreturnedtotheoriginaltankandsystemat25CThis
procedurewasrepeatedatfourandfivemonthsalthough
maturemaleswerenotrecordedatfourmonths

Table1AveragegrowthinGambusiafrymeasuredintotallengthmmattwodensities25C31days

Fryperliter Totalnumberfry Initiallength Finallength

85 1400

43 600

101 147

101 160

indicatesasignificantdifferenceatthe5confidencelevel

Table2AveragegrowthinGambusiafrymeasuredintotallengthmmattwotemperatures24fry18weeks

TemperatureC Totalnumberfry Initiallength Finallength

25 300

30 300

1 3

4

5

2 3

70 259

70 251

indicatesasignificantdifferenceatthe1confidencelevel

Table3ContinuousproductionofGambusiaaffinis25C3fish1

TrialAgemonthsNumberfishNumbermaturemalesNumbergravidfemalesNumberfemalesdroppedNumberfrydroppedFryfemale

5

480 17

452

443 122

480 14

458 108

44

30

137

56

4 464 46

69

45

RESULTSANDDISCUSSIONGrowthratewassignifi

cantlygreaterF05at43fry1than85fry1Table1while
survivalexceeded90atbothdensities DrazbaandGall

1980reportedthehighestrateofgrowthforfryoccurredat
adensityof8fry1whichprobablyreflectsdifferencesin
systemdesignsincludingrateofflowbiofiltersizeandrace
waysortanks Regardlessofthedifferencesinoptimal
densitybothstudiesindicatethatmaximalbiomassgain
systemwasachievedatthehigherdensityInotherwords
althoughthegrowthfrywasslowerat8fry1totallength
gainforallfishwasgreater210vs114Lengthgainiscal
culatedbymultiplyingthetotalnumberoffishtimesaverage
gaindayfishConsequentlyfromamassrearingstandpoint
thenumberoffishbeingrearedwouldbemoreimportant
thanthedensityliterprovidedmortalityisnothigh

AsseeninTable2therewasnosignificantdifferencein
growthrateF05at25Cvs30Cwhiletherewassigni
ficantdifferenceF01insurvivalF01Mortalitywaspre
dominantatthehighertemperatureandwasobservedtooccur
primarilyinyoungmalesbetween46weeksofageinboth
trials

Theresultsofcontinuousproductiontrialsareseenin
Table3andallgravidfemaleswereisolatedforspawning
Therewasaconstantincreaseingravidfemalesandmature

Lengthgain Gaindayfish Totallengthgain Survival

46 15

59 19

189 34

181 32

9 54

6 60

110 836

7 64

22 125

52 634

210 92

114 96

Totallengthgain Gaindayfish Totalgainday Survival

102 97

97 70

60

100

76

91

57

122
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Table4MaturationandreproductionofGambusiaaffinisinacontinuousproductionsystemanaverageoftwotrials

Agemonths gravidfemales

3

4 8

5

10 3

23 26

maturemales gravidfemalesspawned

maleswithtimeTherewasnoapparentdifferencebetween
trialsinnumbersofmaturemalesovertimebuttherewasa

substantialdifferenceinnumberofgravidfemalesatthe5
monthmark137intrial1vs69intrial2Neverthelessin
bothtrialsthepercentageofgravidfemalesthatdroppedfry
wasmoredirectlyassociatedwithtime Thiscontinuum

wasalsoseenintheincreaseintotalnumberoffrydropped
AmorecompletepictureisprovidedinTable4whichisa
summationofbothtrials Increasedeggdevelopmentby
femaleswasevidentbycomparingthepercentageofsexually
maturemalesandfemalestothepercentwhichspawned
Althoughthenumberoffryfemaledroppedslightlybetween
monthsfourandfivethetotalnumberoffryproducedcon
tinuedwithtimewithamarkedincreasethefifthmonth

1470fry Thiscouldbeassociatedwiththeincreasein

numberofmaturemalesatfivemonths26 butthiscould

alsobeduetotheincreaseingonadotrophicactivityasex
hibitedbythemarkedincreaseingravidfemales23

ThefecunditiesattainedTable4werelowerthanthose
realizedbyBusackGallpersonalcommunicationforGam
busiaofthesameageinisolatedaquaria228fryfemaleat
25monthsofageandmuchlessthanwildfemalesinduced
tospawninthissystem393fryfemaleofunknownageun
publisheddataThehigherfecunditieswereprobablydueto
thelargersizeofthefemalesusedbyBusackandtheolder
ageoffishusedinourunpublisheddataAlthoughfrywere
observedoncefromfishtwomonthsoldourdatadoesnot

supportthecontentionthatearlymaturityandreproduction
at60daysBusack1981istobeexpectedinaclosedrecircu
latingsystemusedforcontinuousproduction

CONCLUSIONSBasedupontheresultsintensiveculture
ofGambusiaaffinisisfeasibleSuccesswouldbepredicated
onacontinuoussupplyofgravidfemalesandproductionof
adequatenumbersoffryThenumberoffryperfemalemay
notbeascriticaltooverallsuccessasthetotalnumberoffry
producedasseeninTable4andthetotallengthgainforthe
systemusedappearstobemoreimportantthanactualgain
dayfishasseeninTable1

Withinthelimitsofasmallscalesystemtherearetwo
possibilitiesformanipulatingmassproductionOnewouldbe
tohaveareliablesourceofgravidfemalesinducethemto
spawnandtransplantfryforappropriateusesBroodstock
wouldhavetobereplacedwhenfryproductiondeclined
Duringthecoldermonthsbroodstockwouldbestbereplaced
byfemaleswhichhadmaturedunderartificialconditions
asthosebroughtinfromthefieldarenotlikelytospawn

16

37

70

Numberfryfemalespawned Numberfryproduced

738 59

661 92

907 735

withinadesiredperiodoftimeTheothermethodwouldbe
continuousproductionInthismethodthesupplyofgravid
femalesisproducedbyraisingfrytomaturityThereafter
excessfryobtainedfromthisbroodstockcanberemovedto
alternatesitesforappropriateusewhetherfieldstockingor
overthecounterdistributiontothepublicTherearetwo
principledifferencesbetweenthesetwomethodsinthe
formerthebroodstockismaintainedoutsidethelabandall

thefryaretransplantedwhileinthelatterthebroodstock
ismaintainedwithinthesystemandasmallpercentageoffry
areperiodicallyretainedandraisedtomaturitytoproducethe
nextbroodstockThefirstmethodislimitedbyavailability
ofgravidfemalesinthecoldermonths Withcontinuous

productionayearroundsupplyoffishismorerealisticand
productionwouldbeafunctionofthesizeandefficiency
ofthesystem
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BROADENEDVIEWOFMUSCIDIFURAXPARASITESASSOCIATEDWITH

ENDOPHILOUSSYNANTHROPICFLIESANDSIBLINGSPECIESIN

THESPALANGIAENDIUSCOMPLEX

EFLegner

ThegenusMuscidifuraxcomprisesagroupofcloselyre
latedspeciessuperspeciesofparasiticHymenopterawhich
attackpupaeofMuscidaeinaccumulatedanimalwastesOnly
fivespecieshavebeendescribedMraptorGirault Sanders

MzaraptorKogan LegnerMraptoroidesKogan Legner
MraptorellusKogan LegnerandMuniraptorKogan
LegnerKogan Legner1970butadditionalspeciespro
bablyexistLegner1969Kogan Legner1970

AllfivedescribedMuscidifuraxspeciesoccuringeographic
isolationintheNearcticandNeotropicsexcepttwospecies
whicharesympatricinthewesternNearctic Thesuspected
ancestorofthecladeiswidelydistributedinEuropeAfrica
NorthAmericaandprobablyoccursinAustraliaNew
ZealandHawaiiandthePhilippinesetcLegner1972Legner

Olton1968Legneretal19671976Ithasnotbeen
foundintheNeotropicsandtherearenoknownclinal
patterns ThegenushasnotbeenreportedfromAsianor
equatorialregionsLegner Olton1968Legner Greathead

1967Legneretal1967
Distinctmorphologicalcharacteristicsseparatethefive

speciesKogan Legner1970Legneretal1976which
alsopossessdistinctivecourtshippatternsvandenAssem
Povel1973Pronouncedbehavioraldifferencesamongthe
speciesincludepartialandfullgregariousnesssolitariness
thelytokyarrhenotokygigantismvariablereproductive
potentialsandcapacitiestopenetratethehostpupalhabitat
etcKogan Legner1970Legner196919671977Legner
etal1976

ThegenusMuscidifuraxusuallyoccurssympatricallywith
anothergenusofparasiticwaspstheSpalangiaandmore
rarelywiththegeneraFigitesTrichopriaPachycrepoideus
andSphegigasterLegner Greathead1969Legner Olton

1968Legneretal1967HoweverMuscidifuraxspeciesare
primarilyperipheralforagersintheaccumulatedexcrement

UniversityofCalifornia
DivisionofBiologicalControlRiversideCalifornia92521

ABSTRACT

Straindifferencesoffecunditycoldhardinessmatingbehavior
responsetoRHandhabitatforagingexistwithinsomespeciesofthe
Muscidifuraxclade TheheretoforeconsideredSpalangiaendius
WalkerofAustraliaisprobablyasiblingspeciescompletelyrepro
ductivelyisolatedfromtheSendiusofNewZealandandNorth
America
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habitatwhiletheSpalangiahabituallyrangetogreaterdepths
insearchofhostpupaeLegner1977Otherparasiticspecies
associatedwithMuscidaeeitherattackdifferenthostdevelop
mentalstageseggsandlarvaeorappearincompetitionfor
pupaewiththeintrinsicallysuperiorMuscidifuraxwhich
couldaccountfortheircomparativescarcityLegner1977

Muscidifuraxspeciesarebestadaptedtocoolerweather
periodsprevalentinlatespringandautumnattemperate
latitudesAbles Shepard1976Legner1977

BecauseMuscidifuraxareprevalentinornearaccumulated
animalexcrementwheretheyparasitizehostfliesthatalso
breedselectivelyinthishabitattheyfittheendophilous
eusynanthropiccategoryLegneretal1974placingtheir
veryexistenceoutsideoftheEthiopianRegionwholly
dependentonhumanhabitationInsubSaharanAfricawild
bovinesproducesuchsuitablenaturalaccumulatedexcrement
habitatsasreportedbyLegner Greathead1969inEast
AfricaThisapparentdependenceonthebarnyardexistence
outsideofAfricasuggeststhatthegenusisexotictothe
WesternHemisphereanditspersistencedependsoncontinued
humanagrariansettlementKogan Legner1970vanden
Assem Povel1973

TheidentifiedsiblingspeciesallconfinedtotheWestern
Hemispherecouldhaveevolvedwithintherecenttimeperiod
ofEuropeansettlementorduringthepast400yearsKogan

Legner1970vandenAssem Povel1973Thereisonly
onerecordofaMuscidifuraxspeciesbeingdeliberately
importedintheWesternHemispheretoHawaiifromSouth
AfricaSilvestri1914but10yearsafterthegenushad
alreadybeendescribedfromIllinoisKogan Legner1970

ThereforethegenusMuscidifuraxveryprobablyinvaded
fromtheEasternHemisphereEuropeorAfricaHoweverif
itdidexistinAmericapriortoEuropeancolonizationitmust
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havebeengreatlyrestrictedinpopulationdensitycomparedto
itspresentwidespreaddistributioninaccumulatedexcrement
Itisrarelycollectedoutsidetheeusynanthropicflyhabitat
suchasinwildanimaldungbirdsnestsetcThisissub
stantialevidenceforitspreColumbianrestrictedpopulation
sizeifitoccurredinAmericaatallWhateverthecasemay
betheadventofEuropeanswiththeirlivestockgreatlyin
creasedhosthabitatandpopulationsizeandinturn
guaranteedmuchlargernumbersofparasiteindividualsThe
resultantgreatercapabilityforinterbreedingmayhavepro
videdmoreopportunityforgenerecombination Local

temporaryexplosionsofMuscidifuraxontheEuropean
createdhighflyhostdensitiesmayhaveallowedforrepeated
temporarysurvivalofagreaternumberofgenotypesbefore
severecompetitioneliminatedthem Thesenormallyun
expressedgenotypescouldthenhavehadrepeatedopportun
ityformatingwithothersintheexplosivepopulationsites
creatinggreateropportunitiesfornewgenecombinationsto
occurandpossiblynewspeciestoevolveInthismanner
thesituationmayhavebeenakintothatofthecolonial
checkerspotbutterflyEuphydryasauriniaRottinEngland
Ford Ford1930andthecommonhousesparrowPasser
domesticusLinNorthAmericaJohnston Selander

1964AlsorefertoRemington1968foradditionalpos
sibilities

Markedstraindifferenceshavebeenrecordedwithin

M zaraptor including fecundity coldhardiness heat

tolerenceandhabitatforagingcapabilityLegner1977Legner
Badgley1982ForbiologicalcontrolMzaraptorappears

asthemostsuitablecandidatetointroduceforincreased

muscidmortality Howevertheadditionofotherspecies
ofthisgenustothemuscidecosystemisnotasapttoincrease
naturalcontrolForexamplethegregariousMraptorellus
compensatesforitsapparenthighfecundityonasinglehost
byreducedsearchingcapacityLegner1967Ontheother
handMuniraptorathelytokousspeciesismorenarrowly
adaptedtoextremesintemperatureandRHthantheother
speciesanditscontinuousproductionof99progenyisnot
certain Cultureseitherproducepredominantlysteriledd
progenyafterseveraldaysofovipositionLegnerunpublished
data or show reduced reproductivepotentialwhen
continuoushostsarepresentLegner Gerling1967

AcaseofsiblingspeciesisnowapparentwithinSpalangia
endiusWalker CulturedisolatesfromPerthandMareeba
AustraliaarecompletelyreproductivelyisolatedfromNew
ZealandandAmericanisolatesofwhatheretoforehasbeen

consideredthesamespeciesLegnerunpublisheddataHow
everbehaviorallytheNewZealandstrainofSendiusismore
distinctfromAmericanstrainsthanaretheisolatesfrom

AustraliaandAmericawhicharebehaviorallymoresimilar
toeachotherthanareeithertotheNewZealandstrainLeg
ner Badgley1982LegnerunpublisheddataForbio
logicalcontroltheNewZealandstrainwithitshigherfecund
ityandtoleranceoflowRHandtemperaturesisabetter
candidatetoincreasenaturalcontrolofmuscidfliesthan

theAustraliansibling Howeverwhetherthesesuperior
traitscanpersistafterhybridizationwithresidentAmerican

strainsinthefieldremainstobeverified
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ECOLOGICALIMPACTOFMOSQUITOCONTROLRECIRCULATIONDITCHES

ONSANFRANCISCOBAYMARSHLANDS

STUDYCONCLUSIONSANDMANAGEMENTRECOMMENDATIONS

VincentHReshandStevenSBalling

INTRODUCTIONTheuseofrecirculationditchesfor

mosquitocontrolintidalsaltmarsheshasevolvedthrough
severalstagesoverthepastcenturyDesignshaveincluded
griddednetworksofditchestodraintheentiremarshSmith
1904shallowhanddugditchestoconnectpondstotidal
channelsReiley1951andthediverseproceduresofOpen
WaterMarshManagementprogramsincludingdendriticditch
ingponddeepeningandtheadditionofpondradialsFerri
gnoandJobbins1968Unfortunatelytherecommendations
forditchconstructionofferedbyFerrignoandJobbinsare
specifictosaltmarshesontheAtlanticcoastsincePacific
coastmarshesdifferingeomorphologyandplantcomposition
Chapman1974 Theonlydesigncriteriaforditchcon
structioninPacificcoastsaltmarsheswereprovidedby
HermsandGray1940buteconomicfactorsditching
equipmentandknowledgeoftidalmarshdynamicshave
changeddramaticallyinthepastfourdecadesandhave
renderedtheserecommendationssomewhatobsolete

AtpresentditchesinPacificcoastmarshlandsconnect
pondstonaturaltidalchannels Theyaredugusinga
hydraulicallyoperatedplowpulledbyaSpryteallterrain

DivisionofEntomologyandParasitology
UniversityofCaliforniaBerkeleyCalifornia94720

ABSTRACT

From1977to1983aseriesoffieldstudieshaveexaminedtheeco

logicalimpactofmosquitocontrolrecirculationditchesonselectedas
pectsofSanFranciscoBaysaltmarshesincludingwatertableheight
groundwaterandsoilsurfacesalinitypickleweedSalicorniavirginica
productionplantdiversityaquaticinvertebratediversityandbiomass
fishdiversityanddensitysaltmarshsongsparrowMelospizamelodia
samuelisdensityandterrestrialarthropoddiversitybiomassand
populationdensityresultsofthesestudiesaresummarizedThreere
commendationsbasedonecologicalandenvironmentalconsiderations
aresuggestedaccuratelyidentifysaltmarshpondsthatproducemos
quitoesavoidditchinginmarsheswithporoussoilsminimizeditch
depthPondinundationheightpondareaandpercentagecoverof
emergentvegetationmaybeusedtopredictwhichpondswillproduce
mosquitoesandshouldbeditchedDitchinginporoussoilsmayalter
marshplantcompositionandrequirehighmaintenancecostsShallow
ditchesresultinlessspoilandlessponddrainagethandeepditches
andareequallyeffectiveinmosquitocontrolSaltmarshmanagement
requireseffectiveeconomicalenvironmentallycompatiblemosquito
controlwhichaproperlydesignedditchingprogramcanoffer
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vehicletheditchesaresteepsidedand45cmwideand60
cmdeepAftercompletionofaditchtheSpryteoperator
drivesthevehiclebackoverthespoillinetopressthespoil
downandeliminatethepossibilityofinundatingtidalwater
beingtrappedbehindthespoil

In1977weundertookaprojecttoevaluatetheecological
impactofsuchditchingonSanFranciscoBaysaltmarshes
ReshandBalling1979Reshetal1980Thisresearchwas
thenfollowedbyastudytodeterminemethodsforoptimizing
ditchingefficiencyBallingandResh1983a Thispaper
presentsasummaryoftheresultsofbothstudiesandoffers
specificrecommendationsfortheuseofditchinginthe
managementofPacificcoastsaltmarshes

STUDYIMPLICATIONSANDMANAGEMENTRECOM

MENDATIONSTheresultsofourimpactstudiesinselected
SanFranciscoBaymarshesFigure1suggestthatditcheshave
littleofwhatwouldtraditionallybeconsideredasadverse
ecologicaleffectsonmarshplantsterrestrialarthropod
communitiesfishorbirdsTable1Howeveracomparison
ofditchedwithunditchedpotholesindicatesthatditching
doesadverselyaffectaquaticinvertebratediversityTable1
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Figure1LocationofthesaltmarshstudysitesreferredtoinTable1



Theseresultssuggestthatunnecessaryditchingshouldbe
avoidedinSanFranciscoBaysaltmarshes

Inordertoreducetheecologicalimpactofmosquitocon
trolrecirculationditchesandincreasetheeffectivenessand
efficiencyoftheirusewehavethreerecommendationsthat
shouldbeconsideredinthedesignoffutureditchingpro
grams

1Pondsthatproducemosquitoesshouldbeidentified
andonlythesepondsshouldbeditched

2Ditchingshouldbeavoidedinmarsheswithporoussoils
3Ditchdepthshouldbeminimized
Identificationofwhichpondsproducemosquitoes By

accuratelydistinguishingthepondsthatproducemosquitoes
andshouldbeditchedfromthosethatdonotproducemos
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quitoesandshouldnotbeditchedtheamountofunnecessary
ditchingcanbeminimized Therearebothecologicaland
economicreasonsfornotditchingpondsthatwillnotbe
mosquitoproductionsites Firstsignificanthydrological
andconsequentlybiologicalchangesoccurwithinditched
pondsasindicatedbythedecreaseininvertebratediversity
Table1 Seconditisimpracticaltoconsidermonitoring
everypondinamarshtodeterminewhichproducemosquitoes
egthereareover15000pondsinPetalumaMarshand
itwouldbebothecologicallyandeconomicallyimprudent
toditchallpondsinamarsh

Inordertodevelopaccurateandeconomicallyexpedient
criteriafortheidentificationofmosquitoproducingpondswe
studiedthemosquitopopulationsof44pondsineightmarshes

Table1Summaryofstudiesdesignedtoevaluatetheeffectsofmosquitocontrolrecirculationditchesonselectedphysicalandbiologicalfeaturesof
SanFranciscoBaymarshlands

Feature StudySite

watertableheight

groundwatersalinity

soilsurfacesalinity

pickleweedSalicorniavirginica
production

plantdiversity

terrestrialarthropoddiversity
wetseason

dryseason

yearround

terrestrialarthropodbiomass

terrestrialarthropodpopulation
densities

aquaticinvertebratediversity

aquaticinvertebratebiomass

fishdiversity

fishdensity

saltmarshsong
sparrowMelospiza
melodiasamuelisdensity

PetalumaMarsh

SuisunMarsh

PetalumaMarsh

SuisunMarsh

PetalumaMarsh

PetalumaMarsh

SuisunMarsh

PetalumaMarsh

PetalumaMarsh

SuisunMarsh

PetalumaMarsh

PetalumaMarsh

PetalumaMarsh

PetalumaMarsh

AlbraeMarsh

AlbraeMarsh

PetalumaMarsh

LocalizedEffect Reference

decreases

nochange

decreases

decreases

decreases

increases

increases

decreases

increases

nochange

nochange

nochange
in 50spp

decreases

nochange

increases

increases

BallingandResh1983b

BallingandResh1983b

BallingandResh1983b

BallingandResh1983b

BallingandResh1983b

BallingandResh1983b

BallingandResh1983b

BallingandResh1982

BallingandResh1982

BallingandResh1982

BallingandResh1982

BarnbyandResh1980
BarnbyandResh1983

ReshandBalling1983

ReshandBalling1983

Ballingetal1979
Ballingetal1980

Ballingetal1979
Ballingetal1980

increases ReshandBalling1983
CollinsandReshinpress
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surroundingtheSanFranciscoBaytodeterminewhich
environmentalfactorsmaybeusedaspredictorsoflarval
occurrenceandabundanceBallingandResh1983aFrom
thisanalysisitbecameapparentthatthemostimportant
predictorofbothoccurrenceandabundanceofmosquito
larvaewaspondinundationheightPondsthatarefrequently
inundatedegthoseatorbelowanelevationthatishalfway
betweenmeanhighwaterMHWandmeanhigherhighwater
MHHWwillnotproducemosquitoesandthusshouldnot
beditchedAbovethisheightwhichisthemosquitopro
ductionthresholdinSanFranciscoBaysaltmarshespond
areaandpercentagecoverofemergentvegetationalsobecome
importantpredictorsPondsabovethemosquitoproduction
thresholdwillgenerallyproducemosquitoesiftheyareless
than100minsizepondsabovethethresholdandgreater
than100mwillproducemosquitoesiftheyhavegreaterthan
30coverofemergentvegetationasoftenoccurswhenthe
pondsbanksgradeintothesurroundingvegetationUsing
pondinundationheightpondareaandpercentagecoverof
emergentvegetationwehavedevelopeddecisionrulesthat
permitaccurateidentificationofpotentialmosquitoproducing
pondsBallingandResh1983a

Avoidditchinginporoussoils InAtlanticcoastsalt

marshesditchinginporoussoilshasoftenresultedinasub
stantialloweringofthemarshwatertablewhichhaspro
motedtheinvasionofwoodyuplandshrubsBournand
Cottam1950MillerandEgler1950SoilsofSanFrancisco
Baymarshesarecomposedprimarilyofsiltsandclaysandasa
resultthewatertabledrainageinthesemarshesonlyoccurs
withina2to3mdistanceperpendiculartotheditchAl
thoughthisdrainagelocallydiminishesthephysicalharshness
ofthesaltmarsheglesswaterloggingofthesoilslowersoil
surfaceandgroundwatersalinitiesitisapparentlyinsufficient
topromotetheinvasionofwoodyhighmarshorupland
shrubsalongtheditchbanksBallingandResh1983b

Althoughabsentalongtheshallowditchesshrubssuchas
BaccharisdouglasiiandGrindeliahumilisarecommonly
foundalongthelargeranddeepersloughsofSanFrancisco
BaymarshesThisinvasionbyuplandandhighmarshshrubs
indicatesthatgivensufficientdrainagesomespeciesarecap
ableofcolonizingthelowerelevationsofPacificcoastsalt
marshesTheadditionofditchesinporoussoilsegsandy
soilsincoastalmarshescouldthereforedrainthewatertable
sufficientlytopromotesuchaninvasionandconsequently
altertheplantcommunitystructureofthemarsh

Asecondreasontoavoidditchinginsandysoilsisthat
sincesandisnotcohesivetheditchbankscannotbesup
portedTheresultantbankslumpinggreatlyincreasesmain
tenancecostsandmaywellpromoteadditionalmosquitopro
ductionwithintheblockedsectionsofditches

Minimizeditchdepth Ditchesneednotbedeeptobe
effective Asnotedinourdiscussiononidentifyingwhich
pondsproducemosquitoesmosquitobreedingdoesnot
occurbelowthemosquitoproductionthresholdiethe
elevationhalfwaybetweenMHWandMHHWBallingandResh
1983aTheadditionofaditcheffectivelylowerstheheight
ofapondtotheheightoftheditchbottomthereforeitis

onlynecessaryforaditchtolowerpondheighttobelowthat
ofthemosquitoproductionthresholdformosquitoestobe
eliminatedEveninthehighestmarshesoftheSanFrancisco
Bayaditchonly40cmdeepwillservethispurpose

Shallowditchesoffertwoadvantagesinmarshmanage
menttheyresultin1lessspoiland2lessponddrainage
Linearplacementoflargeamountsofspoilparalleltothe
ditchcancausetheformationofsmalldikesbehindwhich

tidalwatercanbetrappedandmosquitoproductionoccur
MillerandEgler1950 Thegreaterthevolumeofspoil
producedthegreateristheriskthatdikesmayformIn
contrasttolinearplacementandflatteningifthespoilispiled
inmoundstoreducetheproblemofdikeformationthe
typicallyplanarunbrokentopographyofthecoastalmarsh
isdisrupted Inordertoavoidthepossibilityofcreating
artificialdikesormakingexcessivechangesinmarshappear
anceditchesdugintheSanFranciscoBayAreahaveusually
followedexistingswaleswhichareoftentidalchannelsthat
havefilledwithsedimentstherebymakinguseofthenatural
drainagepatternsofthemarshes

Shallowerditchesalsoincreasethenumberofpondsin
whichwaterremainsduringlowtideTheseareascanthen
serveasrefugeforresidentfishpopulationssuchasthemos
quitofishGambusiaaffinisthethreespinestickleback
GasterosteusaculeatusandtherainwaterkillifishLucan
iaparvaBallingetal19791980

Ultimatelyditcheswillseektheirowndepthaccordingto
thesizeoftheareatheydrainThatisditcheswillfillwith
sedimentsuntilwatermovementduringebbtideissufficient
toremovenewlydepositedsedimentKrone1982 Asa

resultditchesshouldprogressivelyfillfromthepondditch
interfacewheretheleastmovementoccurstowardthe
naturalchannelwherethemostmovementoccursTherate
atwhichafunctioningditchwillfillisdirectlyrelatedtotidal
sedimentloadandindirectlyrelatedtodrainageareaMain
tenanceshouldbenecessaryonlyforditchesthatareblocked
byvegetationordebristhisappearstohappeninfrequently
inSanFranciscoBaymarshlands Forexampleover300
linearmetersofditchesweredugin1969inasectionof
PetalumaMarshasof1982lessthan5oftheseditcheswere
blockedandinneedofmaintenance

Theeffectivenessofshallowditchesineliminatingmos

quitoesisapparentlyrelatedtothefrequencyoftidalin
undationPastreportshavesuggestedthatditchescontrol
mosquitoesbythetidalflushingoflarvaeoutoftheditched
pondsSmith1904orbyexposinglarvaetoincreasedpre
dationbyfishthathaveenteredthehabitatasaresultofthe
improvedaccessaffordedbyditchesFerrignoandJobbins
1968Ballingetal19791980

Toexaminethisproblemfurtherweblockedfiveditched
pondsinPetalumaMarshduringneaptideswhenditched
pondsareleastfrequentlyinundated Asaresultofthe

manipulationthesepondswerenolongerflushedbytidal
actionandwerenolongeraccessibletoimmigratingfish
populations Followingthenextsetofinundatingtides
mosquitoabundancesinthesepondswerecomparedtofive
similarbutunditchedpondsAlthoughfourofthenatural



pondscontainedmosquitolarvaenonewerefoundinthe
blockedditchedpondsTheresultsofthistestsuggestthat
itwasneitherthefishnorthetidalflushingthateliminated
mosquitolarvaebutratherthatnolarvaewereeverpresent
inthehabitat Thiscouldbearesultoftheinhibitionof

eitherovipositionoregghatching FerrignoandJobbins
1968havealludedtotheneedforanaturalpondtobe
properlyconditionedbeforeitwillproducemosquitoessuch
conditioningmayincludemakingsuitableovipositionsites
availableforAedesfemalesorallowingsufficientdryingtime
fortheeggspriortofloodingHorsfall1963Ditchesatleast
inSanFranciscoBaysaltmarshesapparentlydisruptoneor
bothoftheserequirementsthroughanincreaseininundation
frequencywhichisaconsequenceoftheditchloweringthe
inundationheightofthepond

CONCLUSIONDecisionsinsaltmarshmanagementare

complicatedbythenumerousandoftenconflictingdemands
madebydifferentregulatoryagenciesandinterestgroupson
thesehabitatsOftentimesmosquitocontrolpracticesarein
conflictwiththesedemandsThedevelopmentofspecific
empiricallydeterminedguidelinesformaximizingmosquito
controlyetminimizingenvironmentaldisturbancecan
simplifymanagementdecisionsThethreerecommendations
thathaveevolvedfromthestudiessummarizedabovecan

assistregulatoryagenciesinprovidingbotheconomicalmos
quitocontrolandreducedecologicalimpactinthecontrolof
saltmarshmosquitoesinSanFranciscoBaymarshlands
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COMPARISONOFSAMPLEPATTERNSFORCULEXTARSALISINRICEFIELDS

INTRODUCTIONSamplingforCulextarsalisCoquillett
inricefieldspresentsproblemsforthoseconcernedwithcon
trolofthismosquito Fieldswherethesemosquitoesare
foundusuallyarelargeinsizeandwhenpopulationdensities
arelowitisoftendifficulttosamplesinceCxtarsalisexhibits
amarkedclumpingindistributionMackeyandHoy1978
Stewartetal1983Efficientmethodsareneededinorder
toassesspopulationsinlargeareasunderricecultivation
Sequentialsamplingallowsforincreasedefficiencyintime
usagewhendeterminingpopulationlevelsaboveorbelow
certainsetlimitsThistechniquehasbeenappliedtosampling
ofricefieldmosquitoespreviouslyWadaetal1971Mackey
andHoy1978Stewartetal1983andallowsforarapid
determinationoftreatablepopulationlevels Sequential
samplingwillhelpinoptimizingeffortifthesamplerknows
whereinthefieldtotakesamplesThepurposeofthework
presentedherewastoestablishcriticalsamplingzonesand
provideforanefficientmethodinapplicationofasequential
plan

MATERIALSANDMETHODSFourricefieldsinwestern

FresnoCountyweresampledintensivelyovertheyears1980
through1982Thesefieldswereanaverageof101hectares
insizeandhavebeeninricefortenormoreyearswithonly
infrequentfallowperiodsSamplingwasdoneusingthestand
ardwhiteenameldipper473ml Fourdifferentsample
patternswereusedoverthestudyindeterminingpopulation
levelsofCxtarsalis

Thefirstsamplingmethodusedin1980wasestablishment
of100fixedsamplingsitesoneachoffourfields The

samplingsiteswereevenlyspacedoverthefieldsandsampling
tookplaceweeklyoverthericegrowingseason

In1981onefieldoutofthisgroupwassampledbiweekly
usingatransectpatternTwotransectswereusedandranthe
lengthofthefieldfromthewaterinletportiontothewater
exitendUsingtwotransectsatotalof52samplesweretaken
oneachsampledateTherewasanevenspacingofdipper
sampleswithtwosamplestakenperpaddyoverthelengthof
thefieldoneachtransect

RJStewartTMiuraandRBParman

UniversityofCalifornia
MosquitoControlResearchLaboratory

5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT

MostimmatureCulextarsaliswerefoundintheexitwaterendof

thericefieldsstudiedTwosamplepatternspresentedprovedlesstime
consumingthanevenlyspacedontransectpatternsandshowedequalor
lessersamplingvariabilityCoupledwithasequentialsamplingplan
eitherofthetwopatternswouldallowforarapiddeterminationof
treatablepopulationlevels

Samplestakenin1982ontwofieldsinvolvedtheuseof
threedifferentmethods Thefirstwasatransectpattern
similartothatin1981butwiththeadditionofsamplesso
that100samplesweretakenperfieldTheothertwopatterns
involvedsamplingfromselectivesiteswithinthefieldinstead
oftryingtocovertheentireareaOneofthesepatternswas
aseriesofthreesemicircularsamplingtransitsinthreediffer
entareasofthefieldThesecondwasazigzagpatternstarting
atthewaterexitendofthefieldanddiagonallytraversingthe
paddiesmovingtowardthecentralsectionofthefieldFigure
1showsthesetwopatternsonaricefieldUsingeitherthe
zigzagorsemicircularpatterns60samplesweretakenperfield
persampledateThesetwopatternswereusedinorderto
evaluatewhatweconsideredtimesavingmethods

In1982alargefieldinKingsCountyapprox90hawas
sampledusingthreetransectsacrossthefieldFigure4shows
thesamplingtransectsinrelationtopaddyconfigurationand
waterflowinthefield Fiftyto100samplesweretaken
evenlyalongeachtransectlineon23sampledatesduring
1982

Thecontentsofeachdippersampletakenwerecountedfor
eachimmaturestagepresentrecordedandreturnedAsample
ofcollectedlarvaewaspreservedinalcoholforidentification
inthelaboratoryTheamountoftimenecessarytocomplete
samplingforeachofthepatternswasrecorded

Datawasanalyzedtoprovidemeanvaluesperfieldand
varianceassociatedwiththemeanNinetyfivepercentcon
fidencelimitsandthecoefficientofvarianceCVwere
calculatedforeachmeanvalueAnanalysiswasmadeofthe
locationofcaptureofmosquitoesinthefieldrelativetowater
flowsforeachmethod

RESULTSANDDISCUSSIONFigure2showsthedis
tributionofCxtarsalisonaricefieldinFresnoCountyfrom
samplestakenoverthreeyearsOverthethreeyearperiod
usinganyofthefoursamplepatternsdescribedsixtypercent
ormoreoftheimmaturemosquitoeswerefoundinwaterexit
onethirdofthefieldComparisonofdatacollectedin1982
showedthattransectsamplingandzigzagandsemicircularpat
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ternsindicatedalmostthesameproportionsofimmaturesin
thedifferentareasofthefieldInthisfieldforthethree

yearsninetypercentofthemosquitoeswerefoundinthe
lowertwothirdsofthefield

Figure3showsthreefieldsinFresnoCountyandthe
distributionofmosquitoesduringthe1980samplingseason
Twentypercentorlessofthemosquitoeswerefoundinthe
onethirdofthefieldwherewaterentered

ShowninFigure4isthedistributionofimmaturesona
ricefieldinKingsCountyFortheentiresummerseasonof
1982twentypercentofthemosquitoeswerefoundnearest
thewaterinletstothefield Thisfieldproducedlarge
numbersofCxtarsalisandyetthewateroutletandmiddle
portionsofthefieldsupportedthelargestproportionofthe
population

Ourdatashowthatonfieldswhichgenerallydonotpro
ducelargenumbersofCxtarsaliswesternFresnoCounty
mostmosquitoescanbeexpectedonthewaterexithalfof
thefieldEvenwithalargemosquitoproducingfieldlikethat
inKingsCountythenumberscanbeexpectedtobegreatestin
thewaterexitportionofthefieldMackeyandHoy1978
alsoindicatedthatthelowerelevationsinthericefieldsthey
sampledseemtoproducethemostCxtarsalisimmatures
Withthisinminditwouldseemappropriateforsampling
intensitytobeconcentratedinareasofricefieldswherethe
largestpartofthepopulationscouldbefoundThiscould
beusedtosimplifytheuseofasequentialsamplingplanin
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Table1Comparisonofconfidencelimits95CLandcoefficient
ofvariationCVforsamplestakenduring1982usingdifferentsample
patternsMeansbelow006persamplewereomitted

allowingthesamplertotakesamplesfromareasmostlikely
representingthemosquitopopulations

Acomparisonofconfidencelimitsandcoefficientsof
variationCVfordifferentsamplepatternsisshowninTable
1Meanvaluesoflessthan006persamplewereomittedbe
causethevarianceswereatornearmeanvaluesandconfidence

limitswouldthusbelarge Valuesbelow006wouldalso

indicatepopulationsofmosquitoesatlowenoughlevelsso
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Figure3DistributionofCxtarsalisonthreericefieldsinwesternFresnoCountyGraphsshowpercentofmos
quitoessampledfromdifferentzoneswithinthefieldovertheseasonArrowsonthediagramsindicatewaterflows
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asnottobeofconcernformostcontrolprogramsTheCVs
shownforthesemicircularandzigzagpatternsareclosetoor
lowerthanthosefortransectsamplingThisindicatesthat
thesepatternshaveequivalentorlowervariationthantransect
samplingandintermsofsamplingerrorarenotinferior

Usingthetransectmethodwefoundthatittookaboutone
hourforonepersontocovera10hafieldcompleting60
samples Forsemicircularorzigzagsamplingittookclose
to30minutesfor60samples Thetimeconsideredhere

includedreturnofthesamplertohisvehicleSamplestaken
in1980withevenlyspacedsamplesovertheentirefieldwere
clearlythemosttimeconsumingaveragingovertwoand
onehalfhoursperpersonperfield

CONCLUSIONSWehavefoundthatmostoftheim

matureCxtarsaliscanbeexpectedinthelowerorwaterexit
portionofricefields Bysamplinginthelowerandmid
portionsofthefields80ormorethefieldspopulation
wouldbesubjecttobeingsampledThewaterentrancepor
tionofthefieldcouldbeconsideredashavingtheleastlikeli
hoodofanyportionofthefieldforproducingmosquitoes

3

Figure4DistributionofCxtarsalisonaricefieldinKingsCountyThe
graphrepresentsthepercentofmosquitoessamplesalongdesignatedtransects
inthefieldArrowsonthediagramshowwaterflows

57

Theuseofasequentialsamplingplanlikethosepresented
byMackeyandHoy1978orStewartetal1983could
makeassessmentoftreatablepopulationsofCxtarsalismuch
moretimeefficientAminimumsamplesizeof30Mackey
andHoy1978or60Stewartetal1983whennoim
maturesarefoundwouldmeanonehalfhourorlessof

samplingtimeperfieldIfpopulationlevelswerehighorin
therangeofconcernfortreatment010perdipforthelocal
mosquitodistrictsequentialsamplingcouldallowforeven
lesstimespentassessingthepopulation

Fromourstudyweconcludedthatwecouldeliminatethe
waterentranceendofthefieldfromsamplingIntheuseofa
semicircularpatternthiswouldmeantaking30samplesfrom
theexitendfirstandthenanother30fromthemidportion

ACKNOWLEDGMENTThisstudywasfundedinpart
byEPACooperativeAgreementNoCR806771011

WethankKodaFarmsIncandtheFresnoWestsideMAD

personnelfortheircooperation
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ameansofestimatingpopulationsinCaliforniaricefieldsJEcon
Entomol7132934

StewartRJCHSchaeferandTMiura1983SamplingCulex
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SPATIALDISTRIBUTIONOFCULEXTARSALISLARVAE

WITHINRICEPADDIES

TMiuraRMTakahashiandWHWilder

INTRODUCTIONItiswellknownamongmosquitocon
trolpersonnelthatthedensitiesofimmaturemosquito
populationsinricefieldsdifferbyagreatmagnitudefromone
fieldtoanothermostofthefieldsproducefewornonebut
somefieldsproduceaconsiderablenumberofmosquitoes
Manyspeculationsaremadetoexplainthisphenomenon
forexample 1 ovipositionalpreferenceoffemalemos
quitoesKato19552highcontentofnitrogenouscom
poundsSchaeferetal1982and3abundantlarvalfood
materialNakamuraetal1971inirrigationwaterproduce
moremosquitoes Ontheotherhandhighpopulation
densitiesofnaturalenemiesCaseandWashino1979and
algaltoxinGerhardt1956inthewaterprohibitmosquito
production

Forthepastseveralyearswehavebeenstudyingricefield
mosquitoesintheSanJoaquinValleyWehavefoundthat
moreimmaturestagesofCulextarsalisCoquillettadominant
speciesofricefieldswerecollectedfromlowerendswater
exitsideofricefieldsthanhigherendsandwithinapaddy
someareasproducedmoremosquitoesthantheothersIn
ordertofindoutthecauseofthispatchydistributionofCx
tarsalisinpaddiesthefollowingstudywasundertakenduring
the1982ricegrowingseason

MATERIALSANDMETHODSThemostnorthendof

Kodasricefieldno5locatedapproximately6milessouth
westofDosPalosCAinFresnoCountywasusedforthis
studyThepaddymeasuredca15acresandproducedhigh
numbersofimmatureCxtarsalis214larvae pupaedip
Thepaddywasarbitrarilydividedinto80sectionsinagrid
patternasingledipsamplewastakenfromeachsectionand

ABSTRACT

DataobtainedfromfieldstudiesindicatethatCulextarsalisbreed

inginricefieldswerecontagiouslydistributedwithinpaddiesandpopu
lationdensitiesweregreatlyenhancedbyexposingfoliageofsubmerged
vegetationbyloweringirrigationwaterdepth

WadaYMMogiandJNishigaki1971Studiesonthepopulation
estimationforinsectsofmedicalimportance IIIsequential
samplingtechniqueforCulextritaeniorhynchussummorosuslarvae
inthepaddyfieldTropMed131625

keptseparatelyinalcoholvialsInthelaboratoryallsamples
wereexaminedunderdissectingmicroscopesforspeciesand
stages Toelucidatetherelationshipbetweenmosquito
productionandhabitatsalldipsiteswereclassifiedintothe
following6categories
1Densericeplantstandanddeepwater densegrowthof

submergedvegetationpresentbutfoliagewerenotexposed
toair

2Densericeplantstandandshallowwaterfoliageofsub
mergedvegetationexposedtoair

3Sparsericeplantstandanddeepwater nosubmerged
vegetationexposed

4Sparsericeplantstandandshallowwater foliageof
submergedvegetationexposed

5Noriceplantanddeepwater nosubmergedvegetation
exposed

6Noriceplantandshallowwater foliageofsubmerged
vegetationexposed
RESULTSANDDISCUSSIONTable1showsthedipping

results Mostmosquitoeswerecollectedfromricegrowing
areaswherefoliageofsubmergedvegetationwereexposedto
airFigure1illustratestherelationshipbetweendensitiesof
mosquitocollectionandthesixcategoriesofphysicalfeature
ofthepaddyThefrequencydistributionofimmaturecol
lectionsisshowninFigure2Thesedataclearlyindicatea
contagiousdistributionthatismoremosquitoeswerecol
lectedfromtheareaswherethefoliageofsubmergedvegeta
tionwereexposedtoairthantheareaswherethefoliageof
submergedvegetationwerenotexposed Frequencydis
tributionofcollectionareskewedtotheleftandthevariance



107exceededthemean214
Thestudyareaisawellestablishedpermanentricefield

thereforepopulationsofmanyindigenousnaturalenemiesof
mosquitoesdamselflydragonflynymphsbeetlelarvaeetc
arewellestablishedInadditiontotheseindigenouspredators
usuallytheFresnoWestsideMADplantsca500to700
mosquitofishperacre Theseindigenousandaugmented
naturalenemiessuppressedmosquitopopulationbelowthe
economicalthresholdlevel

Asthespringof1982wasunusuallycoldandwetrice
sowinginthesefieldsweredelayedseveralweeksintoearly
MayConsequentlytoacceleratericegrowthwatertempera
turesinthefieldswereraisedbyreducingthewaterdepth
Thispracticeresultedinatremendousmosquitoproduction
Itwasapparentthatphysicalbarrierscreatedbydenseex
posedfoliageofthesubmergedvegetationhadasignificant
effectonmosquitoproductionbyprovidingpredatorfree
areasforovipositionandlarvaldevelopmentMosquitolarvae
hadevolvedpredatoravoidanceandescapemechanismsby
hidingwithinexposedfoliageofsubmergedvegetationThis
findingmayexplaininpartwhymoreimmaturestagesof
mosquitocollectionsweremadefromisolatedareasof1
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Table1Effectofvariousphysicalconditionswithinpaddiesonmos
quitoproductiona

RicePlant

StandB

Dense

Sparse

NoPlant

MeanA

SubmergedvegetationA

submerged exposed

2717

22715

01

166

Numbersinthetabledenotenumberofimmaturemosquitoesdip
numbersinparenthesisindicatesamplesize

densericeplantgrowth2tallwatergrassorriceplant
lodging3footprintsor4animalnestsinricepaddies

Insummaryresultsoffieldstudiesclearlyindicatethat
Cxtarsalisbreedinginricefieldsarecontagiouslydistributed
withinpaddiesandpopulationdensitiesweregreatlyenhanced
byexposingfoliageofsubmergedvegetationthroughlowered
waterlevels Inuseofthesequentialplanforestimating
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Figure1Schematicdiagramshowingtherelationshipbetweenhabitatsandimmaturemosquitocollection
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Figure2FrequencydistributionofimmaturestagesofCulextarsalisinaricepaddy

populationdensitiesofCxtarsalissamplingsitesshouldbe
selectedwithcaretoincludethesehotspotsofmosquito
breedingareas
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THERELATIONSHIPOFMOSQUITOPRODUCTIONTODAIRY

WASTEWATERMANAGEMENTAREGRESSIONANALYSIS

FSMulliganIIITMiuraandJYoung

INTRODUCTIONIntheCentralValleyofCalifornia
usedwaterderivedfromdairyoperationsisusuallydischarged
intowastewaterstoragepondsGenerallytherichorganic
wasteisonlytemporarilystoreduntilitisutilizedinirrigation
ofagriculturalcropstowhichitaddsfertilizingvalueHow
everthisprocessofcollectingandtemporarilystoringmanure
ladenwateroftenresultsinseveremosquitoproblemsFor
theDeltaVectorControlDistrictVCDofTulareCountythe
costofcontrollingCulexquinquefasciatusSayemergenceand
dispersalfromwastewaterstoragepondsisoneofthebiggest
expendituresofdistrictfunds

Duringthepast10yearssmallsinglefamilydairieshave
beenlargelyreplacedbybigcommercializedoperationsAs
aresultofincreasedherdsizeandwaterconsumptionthesize
ofwastestoragesystemshaslikewiseincreasedWithinthis
groupofnewlargedairyfacilitiesthereisawiderangeof
wastewatermanagementschemesThesedifferentmanage
menttypesexhibitthewholegamutofmosquitobreeding
problemsfromverylowtohigh

Toevaluatetherelationshipbetweenmosquitoproduction
andwastewatermanagementastudywasconductedduring
thesummerof1982incooperationwiththeDeltaVCDThe
problemwasaddressedbyproposingtocorrelateactual
mosquitoproductiontovariousvariableswhichcoulddescribe
themanagementpracticesemployedbydairieswithinthe
districtforthehandlingofwastewater

METHODSTogatherpertinentdataasurveyquestion
nairewasdevelopedwhichaddressedallaspectsofdairyopera

UniversityofCalifornia
MosquitoResearchLaboratory

5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT

Astepwisemultipleregressionwasusedtodeterminecorrelation
betweenvariableswhichdescribeddairywastewatermanagement
practicesandassociatedmosquitoproductionThesurveyincluded
dairieswithintheDeltaVectorControlDistrictTulareCountyCA
Mosquitoproductionfromwastewaterstoragepondswasfoundtobe
lesswhenthefollowingmanagementconditionswereemployed1
Afullpondlevelwasmaintainedbymixingandorrefillingwithfresh
waterafterirrigationpumpingorbyareducedstoragecapacityin
relationtowastewaterinput2Weedswereeliminatedinand
aroundthepond 3 Windinducedsurfacewaveactionwas

promotedbyasquareshapedpondconstructionandbyeliminationof
freeboard4Agitationofthepondedwaterwasprovidedbyirriga
tionpumpingorbyrecyclingofwastewaterforflushdown5Solid
wastewaspreventedfromenteringthepondthroughtheuseofa
mechanicalseparatororasmallrectangularsolidsseparatingpond
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tioninrelationtothemanagementofwastewaterQuanti
ficationofthesemanagementcharacteristicswasaccom
plishedbyvisitingeachdairywithinthedistrictandbyinter
viewingeachowneroperatorCooperationfromthedairymen
wasexcellentasquestionnaireswerecompletedfor50ofthe
52possibledairies

Managementandconstructioncharacteristicsforeachof84
pondsweregatheredandquantifiedandcondensedfromthe
questionnairesinto16independentvariablesTheseincluded

1LENGTHofpond
2WIDTHofpond
3DEPTHofpond
4SHAPElengthwidthofpond
5STORAGEcapacityofpond
6RECYCLErecyclingwastewaterforflushcleaning

alleyways
7MIXFILLmixingfreshwaterinthepondandor

refillingpondwithfreshwater
8PUMPFEQpumpingfrequencyforirrigation
9floatingSOLIDScoverageonpond

10WEEDScoverageonpond
11SEPATORpresenceofmechanicalsolidsseparator
12numberofmilkingcowsinHERD
13IRRIGacreageoflandirrigatedwithwastewater
14HERDIRRherdsizeinrelationtoirrigatedacreage
15STORIRRstoragecapacityinrelationtoirrigated

acreageand
16STOHERDstoragecapacityinrelationtoherdsize
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WeeklydatagatheredbytheDeltaVCDinitssurveillance
andlarvicideoperationswereusedtocalculatethemosquito
productivityforeachpondThisinformationobtainedfrom
JunethroughAugustrepresentedthedependentvariable

ThedatawereanalyzedbyaCDC720computerwiththe
SPSSstepwisemultipleregressionroutineNieetal1975and
HullandNie1981

LimitationsThereweretwomajorlimitationsuponthis
study Oneconcernedscopetheotherconcernedmethod
Thescopeofthestudywaslimitedtomanagementanalyses
ofdairiesforthehandlingofwastestoragepondswhich
affectedmosquitoproductionThereforeinformationused
foranalysisconsistedprimarilyofindirectfactors Direct

factorsegwatertemperatureandwaveactionwerenotin
cludedDuetothelimitedtimeframeofthestudyitwasnot
possibletomeasureallvariablesatthedesiredlevelwiththe
questionnaireandfieldsurveymethodAlsothemeasurement
ofcertainvariableswerepossiblymoresubjectivethanothers
Theseinherentlimitationsaddedtotheresidualerrorfactorof

theregressionanalysis
RESULTSThepurposeofthesolidwasteseparatingpond

wastocollectfloatingsolidsinasmallpondandtoprevent
thesesolidsfromenteringthelargerstoragepondBecause

Table1Stepwisemultipleregressionstatisticsofdairywastewatermanagmentvariableswhichweresignificantlycorrelatedtomosquitoproductiv
ityinorderofsignificance

Rank Variable

1

2

3

4

5

6

7

8

9

10

11

1

2

3

4

5

6

7

8

9

10

11

12

13

STOIRR

SOLID

SEPATOR

HERD

DEPTH

PUMPFEQ
WEED

LENGTH

MIXFILL

STOHERD

SHAPE

MIXFILL

WEED

HERDIRR

DEPTH

HERD

STOHERD

PUMPFEQ
LENGTH

SHAPE

RECYL

SOLID

SEPATOR

WIDTH

Multiple
Correlation

Coefficient

43551

59814

66260

73711

81142

84314

86455

88940

90866

92697

92714

38586

46308

57238

62054

67387

69689

70853

71435

72231

72677

72856

72900

72938

STORAGEPONDS

ofthedifferenceinfunctionofthetwopondtypesaseparate
analysiswasmadeforeach Regressionstatisticsofthe
significantvariablesforeacharelistedinTable1

SolidsseparatingpondsLessmosquitoproductionoccur
redwiththefollowingmanagementconditionsinorderof
significance

1Morestoragepondcapacityinrelationtoirrigated
acreageNotethisvariabledidnotdirectlyrelateto
separatingpond

2Lessfloatingsolidscoverageonpondsurface
3Useofamechanicalsolidsseparator
4Largermilkingherdsize
5Moredepth
6Lessfrequentpumping
7Lessweedcoverage
8Lesslength
9Moremixingandorrefillingwithfreshwater
10Lessseparatingpondcapacityinrelationtoherdsize
11Morerectangularthansquareshape
Wastewaterstorageponds Lessmosquitoproduction

occurredwiththefollowingmanagementconditionsinorder
ofsignificance

1Moremixingandorrefillingwithfreshwater

Determinant

R

SOLIDSSEPARATINGPONDS

18967

35777

43903

54333

65840

71089

74744

79102

82565

85927

85961

14889

21445

32762

38507

45410

48566

50202

51030

52174

52819

53079

53144

53199

Simple
Correlation

Coefficient

43551

42087

24934

02022

22572

20242

29267

14144

24986

10336

27609

38586

30862

19855

18541

22755

04645

23644

03543

09642

20528

23254

12966

19466

OverallF

374509

417809

365232

386672

462567

450801

422776

425838

420953

427414

333975

997135

764366

893288

845382

881740

818324

734470

651285

593937

537368

483355

434781

393477



2Lessweedcoverage
3Moremilkingstockinrelationtoirrigatedacreage
4Lessdepth
5Largerherdsize
6Lessstoragepondcapacityinrelationtoherdsize
7Morefrequentpumping
8Lesslength
9Moresquarethanrectangularshape
10Morerecyclingofwastewaterforflushdownofalley

ways

11Lessfloatingsolidscoverageonpondsurface
12Useofamechanicalseparator
13Morewidth

DISCUSSIONTobettervisualizetherelationshipofthe
significantvariablesinproducingamosquitofreeseparating
pondaflowchartispresentedinFigure1Therelationship
ofsomeofthevariablesparticularlythemostsignificant
STORIRRisobscure Thecausemaybeamatterofthe
differentmethodsemployedtoproducethedesiredfunction

Ononehandaseparatingpondmaybeconstructedina
narrowrectangularshapewithasmallcapacityperherd
Friablesolidscanthenaccumulateonthesurfaceandcom

pletelycoverthewaterAnincreaseddepthinconjunction
withreducedcapacitywillfacilitatethisprocessAsiphon
arrangementdrawsthesolidfreewastewatertothestorage

1
1

RECTANGULAR
SHAPE

LENGTH
Decreased

pond Thismethodisveryefficientinreducingmosquito
productioninconnectedstorageponds

Anotherapproachistopreventsolidsfromenteringthe
separatingpondMechanicalsolidsseparatorsareeffectivein
thisregardAnaddedbenefitoflesssolidsisreducedweed
growthespeciallyonthepondsurfaceSurfaceweedgrowth
canbeaproblemintheformertypewherefloatingsolids
areencouraged

Finallysolidscanbedilutedbymixingandorrefillingthe
pondwithfreshwaterInadditionagitationfromthisprocess
mayhelpbreakupandresuspendsolidsAlsoturnovertime
ofwastewaterisshortenedbyincreasingtheoutflowtothe
storagepondInthislatterapproachhowevertheproblem
maysimplybeshiftedtothestoragepond

Alloftheseapproachescaneffectivelyreducemosquito
productioninseparatingpondsbuteachhasitsowndraw
backInthecaseofthefirstapproachthatoffriablesolids
formationthepondmustbeperiodicallyclearedoftheac
cumulatedsolidsAgainuseofthethirdapproachmayonly
delaytheproblemuntilthestoragepondwhereitbecomes
moredifficulttocontrolThemosteffectivealternativeis

themechanicalsolidsseparatorbutthemodelsinusewithin
theDeltaDistrictatpresentarepronetomechanicalmal
function Clearlyamoremechanicallysoundandenergy
efficientdesignisneeded

CAPACITY
Decreased

HERDSIZE
Increased

MIXREFILL
Increased MOREOUTFLO

STORAGEPOND

SEPARATINGPOND
MOSQUITOFREE

MECHANICAL
SEPARATOR

LESSSOLIDS

WEEDFREE

LESSPUMPING

1

IRRIGATEDLAND

Figure1Flowchartshowingtherelationshipofconstructionandmanagementvariableswhichresult
inasolidsseparatingpondwithdiminishedmosquitoproductivity

1

1

1
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Aflowchartofsignificantvariablesforwastewaterstorage
pondsispresentedinFigure2 Constructionfeaturesare

importantinthedevelopmentofamosquitofreepondA
moresquareratherthannarrowrectangularshapedecreases
mosquitoproduction Itisspeculatedthattheenhanced
accessofwindtothewatersurfacepromoteswaveaction
whichresultsinthereducedmosquitobreedingAwindshield
canresultfromexcessivefreeboardtheamountofunfilled
depthifapondisconstructedoverlydeepandisnotfilled
tocapacity

Veryshallowwatercanpromoteweedgrowthacrossthe
pondbottomandcanprovidemosquitobreedingharborage
Withasmallerstoragecapacityperherdsizeafullerpondis
achievedIfthestoragecapacityistoolargeoriftheirrigation
pumpingdemandistoogreattomaintaindeeperwaterthen
mixingandorrefillingthepondwithfreshwaterisneeded
toeliminatefreeboard

Theadditionoffreshwatertoawastewaterstoragepond
alsoreducessuspendedsolidsanddecreasesformationoffloat
ingsolidswhichcanharbormosquitobreedingAmechanical
solidsseparatorcaneliminatefloatingsolidsfromastorage
pondascanasolidsseparatingpondAgitationofthewaste
waterproducedbymixingrefillingfurtherbreaksupandre
suspendssolidsPumpingforirrigationandrecyclingofwaste
waterforflushdownofalleywaysalsoprovidesagitation

Itisimportantthatdairywastewaterbeusedforirrigation
ofcroplandnotonlytogaintheobviousnutrientvalueand

r
1 PONDCONSTRUCTION

I MORE

1SQUARE
1SHAPE

WAVEACTION

WEEDFREE

LENGTH
Decreased

DEPTH
Decreased

1

STORAGEPOND
MOSOUITOFREE

SEPARATING
POND

LESSSOLIDS

toreconditionsodicsoilsbutalsotoreducemosquitoproduc
tionWastewaterstoragepondsarefortemporarilyholding
waterdestinedforirrigation Morefrequentpumping
especiallywhenfreshwaterismixedorrefilledintothepond
ismostbeneficial

Weedgrowthprovidesharborageformosquitobreeding
Factorswhichpromoteweedgrowthegshallowwaterand
floatingsolidsneedtobeeliminatedAlsoarigorousregime
ofweedcontrolmustbeimplementedToallowforherbicide
andpossiblespotlarvicideoperationsunhinderedaccess
aroundtheperipheryofthepondsisneeded

Withtheadventoflargedairiesandincumbentlargeponds
itisnolongerfeasibletorelyuponchemicallarvicideopera
tions Thereforetheanswerliesinmanagingthepondsto
eliminatemosquitoproduction

Recommendations Thefollowingrecommendationscan
helptoreduceoreliminatetheproductionofmosquitoesfrom
dairywastewaterstorageponds1maintainafullpond
levelthroughmixingandorrefillingpondwithfreshwater
afterpumpingforirrigationorbyareducedstoragecapacity
inrelationtoherdsize2eliminateweedsinandaround
pond3promotewindinducedwaveactionbyconstruction
ofasquareshapeandeliminatefreeboardbyreducingcon
structeddepth4promoteagitationofthepondedwaterby
pumpingforirrigationorbyrecyclingwastewaterforflush
downofalleywaysand5preventfloatingsolidsfromenter
ingpondthroughuseofamechanicalseparatororwitha

MECHANICAL
SEPARATOR

f

HERDSIZE

Increase
DEEPER WATER

PUMPING
Increased

RECYCLE
FLUSHDOWN

IRRIGATEDLANDh

1
MIXREFILL
Increased

Figure2Flowchartshowingtherelationshipofconstuctionandmanagementvariableswhichresultinastoragepondwith
diminishedmosquitoproductivity



smallrectangularsolidsseparatingpond
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THECOYOTEHILLSMARSHMODELCONCEPTUALFRAMEWORK

TheCoyoteHillsfreshwatermodelisacomputeroperated
simulationmodelbeingdevelopedtointegratethetwoseem
inglyoppositemanagementobjectivesofmosquitocontrol
andwildlifemanagementofafreshwatermarshThemarsh
ismanagedbynaturalistsoftheEastBayRegionalParkDis
tricttointroducestudentsandcitizenstotherichvarietyof
floraandfaunaassociatedwiththemarshUnfortunately
themarshalsoproducesarichvarietyofmosquitoes

InpastyearstheAlamedaCountyMosquitoAbatement
Districthasaccomplishedmosquitocontrolprimarilyby
plantingmosquitofish Althoughrelativelyhighpopula

tionsofmosquitoesofthespeciesAedessquamigerCulex
tarsalisCxerythrothoraxAnophelessppandCulisetain
ornatahaveattimesbeenmonitoredatthesitepesticides
haveonlybeenappliedonrareoccasionstocontrolthe
wintersaltmarshmosquitoesAedessquamigerThesemos
quitoesbecamenecessarytocontrolbecausetheywerestrong
fliersinvadingdistantresidentialareasTheothermosquitoes
forthemostparthavebeenunnecessarytocontrolbecause
theparkislocatedsomedistancefromresidentialareasThis
maychangehoweversinceplanshavebeenmadetocreate
residentialhousingadjacenttotheparkthusportendingin
creasedpublicdemandformosquitocontrolonthemarsh

TheCoyoteHillsfreshwatermodelinitsbroadestsense
isabeginningefforttobringtogetherthetwofactionsof
wildlifeandmosquitomanagementandtoincreasetheir
understandingofthedynamicsofthemarsh Hopefully
theincreasedunderstandingwillleadtodevelopmentofa
marshmanagementsystemthatwillallowanecologically
richfreshwatermarshtoexistadjacenttoandinharmony
witharesidentialdevelopmentInitsmostspecificsense
themodelmayeventuallybeusedtoassistinmakingspeci

DepartmentofBiologicalSciencesCaliforniaStateUniversity
HaywardCalifornia

ANDDIRECTIONSOFRESEARCH

FredCRobertsJamesKSchooleyGlennEConner

AlamedaCountyMosquitoAbatementDistrict
3024East7thStreetOaklandCalifornia94601
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ficdecisionsconcerningthecourseofactiontobetakento
controlmosquitoesinamannercompatiblewiththewild
lifemanagementobjectivesofthemarsh

ThefirstversionoftheCoyoteHillsfreshwatermodelwas
developedbyateamofsixscientistsledbyDrJames
SchooleyofCaliforniaStateUniversityatHaywardItwas
presentedbyDrSchooleyataworkshoponSystemsModel
lingsponsoredbytheNorthernChapteroftheSocietyof
VectorEcologistsAthoroughdescriptionofthisfirstversion
waspresentedbyDrSchooleyatlastyearsCMVCA
conferenceSchooleyetal1982

CONCEPTUALFRAMEWORKTheessenceofthemodel

istherelationshipbetweenthepopulationofAnopheles
sppanditspredatorsprimarilymosquitofishGambusia
affinisTheeffectivenessofpredationbyGambusiaisaffected
bythebiomassofpondweedPotamogetonpectinatusAs
pondweedincreasesinbiomassduringthegrowingseasonit
providesanincreasinglyeffectiverefugefortheAnopheles
larvaeTheinitiallevelofAnopheleslarvaeandmosquito
fisharerequiredinputstothemodelandmustbeaccurately
determinedbyfieldsamplingThebiomassofpondweedisa
functionofthedepththewaterwillbeheldinthemarsh
throughoutthegrowingseasonandisdeterminedbyanequa
tionfoundintheliterature

Themathematicalcoreofthemodelisadifferenceequa
tionwhichdeterminesthelevelofAnophelinelarvaeThe
equationincludesthecomponentsofpredationbyGambusia
andtheinterferenceofpredationbypondweedDuringthe
operationofthemodelthedifferenceequationcalculates
thenumberofAnophelinelarvaetoaddorsubtractfromthe
populationinagivenperiodoftimeinthiscaseonedayThe
computercalculatesthelevelofAnophelinelarvaeforeach
dayDifferenceequationsareparticularlysuitedtooperation



66

byacomputerbecausethecomputercanrunmanyiterations
injustafewseconds

DIRECTIONSOFRESEARCHThemodelinmanyways
actsasblueprintbyvividlyillustratingtheresearchneeds
Thefirststepsinoperatingthemodelrequirestheusertopro
videinputTheaccuracyoftheinputwillundoubtedlyhave
anaffectuponthevalidityoftheresultsForthisreason
someoftheinitialresearcheffortshavebeenaimedatdevelop
ingeffectivemethodstoassessthepopulationsofAnopheles
sppmosquitofishandpondweedanddevelopingamethod
tomeasureaveragedepthofthemarshObviouslyonecannot
expectthemodeltoprovidevalidresultsuntileffective
samplingtechniqueshavebeendevelopedtomeasurethese
parameters

Duringthedevelopmentofthemathematicsofthemodel
itbecameevidentthattheliteraturewouldnotprovideall
ofthenecessaryinformationNumerousassumptionshadto
bemadebaseduponthebestestimatesoftheteamAssump
tionsweremadeaboutgrowthratesofAnophelessppthe
predationratesofGambusiaandthephenologyofpond
weedatCoyoteHillsjusttonameafewItbecamequite
clearthatmanyoftheseassumptionswouldneedtoundergo
laboratoryandorfieldtesting

Thefirstversionofthemodelmaywellbesimplisticand
leaveoutimportantinvertebrateandvertebratepredators
ofAnophelesspp Indeedthemodelmayleaveoutany
numberofimportantphysicalorbiologicalcomponents
Forthisreasonageneralassessmentofthebiologicaland
physicalcomponentsofthemarshhasalsobeendeemedim
portant

OnJune181982anumberofinterestedscientistsmet
toreviewthemodelandidentifytheresearchneedsThe
resultantresearchworkloadwasdividedintogeneralcate
goriesandtheresearcherschoseareaswithinwhichtheycould
accomplishtheirresearch Inthiswayitwashopedthat
researcherswouldbeabletopursueaproductiveavenue
ofresearchwithoutduplicatingtheeffortsofotherresearch
ersworkingonthemodelThefollowingtwopapersarere
portsbyprincipalresearchersontheirresearchprojects
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ACOMPUTERIZEDDATABASEANDSIMULATIONSYSTEM

TOSUPPORTDECISIONSINTHEALAMEDACOUNTY

MOSQUITOABATEMENTDISTRICT

JohnRRusmiselRosemaryOAbriamPatrickSTurney

TheACMADhastakentheopportunitytoreanalyzethe
computersystemwiththerecentaquistionofanewcomputer
andharddisksystemThishasenabledthesystemsteamto
expandthecomputersystemtohandlemanymorefunctions
withgreaterefficiency Theheartofthenewsystemisa
RadioShackTRS80ModelIIcomputerwithan8megabyte
harddiskstorageunit

Muchofthesystemanalysisnecessarytobuildthenew
systemhadbeenaccomplishedin1980whentheDistrict
installeditsfirstmicrocomputerAtthattimethefollowing
objectivesweresetforthesystemRoberts1980

1Toefficientlyprocessdatathatwillmeasuretheeffect
ivenessofthemosquitocontrolprogram

2Toefficientlygeneraterequiredreports
3Todevelopandutilizemodelstopredictlevelsofmos

quitoesandtherebyassistinmakingtreatmentdecisions
4ToquantifytheworkperformedbytheDistrict
5Todefinehighprioritymosquitosourcesthrough

costevaluationandsetappropriateworkschedulesfor
thephysicalcontrolprogram

6Tomeasuretheinsecticidepressureonanygivenspecies
andavoidresistanceproblems

7Todeterminethecostsofspecificprogramelements
andenhanceprogrambudgeting

8Tocheckcurrentinspectionandtreatmentschedules
withthoseofthepastandmodifythescheduleas
required

Theseobjectiveshadbeenmetbytheoldsystembutthey
couldnotbeintegratedeasilyduetothelackofstoragespace
onthefloppydisksAnotherlimitationofdiskstoragewas
theinabilitytobuildandroutinelyupdateacompletedata
baseofmosquitosourceinformationTherewassimplynot
enoughonlinestorageandaccessforallthemosquitosources
intheDistrictWithoutadequateonlinestoragecapacityit
wasvirtuallyimpossibletobuildandupdateadatabase
capableofcreatinginspectionsandtreatmentschedulesfor
alltheimportantmosquitospeciesandtoprovidetheneces
saryinputtosystemmodelsAlsousersoftheoldsystem
hadtodealwithacomputerthatwasnotalwaysfriendly
sometimescrypticandatothertimesunavailabledueto
heavyuse

Byfollowingasystemdevelopmentprocessasoutlinedby
PageandHooper1979thesystemteamwasabletobuilda

AlamedaCountyMosquitoAbatementDistrict
3024East7thStreetOaklandCalifornia94601
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newsystembetterabletomeettheDistrictsobjectives
Systemdevelopmentincludedthefollowingsteps

1Systemanalysis generalbackgroundorganization
structuredocumentandprocedurereviewdeficiencies
recommendations

2StatementofObjective overallpurposespecificob
jectivesrequiredoutputrequireddatanecessarycon
trolsnewpoliciesorprocedures

3SystemDesign scopeandboundariesspecificrequire
ments conceptualdesignresourcerequirements
benefits

4SystemSpecifications systemdescriptionsystemflow
chartcomputerrequirementsdatamanagementsum
maryimplementationschedule

5Programming narrativedescriptionuserinstructions
sampleinputsampleoutputtestdataprogramlisting

6Implementation hardwarerequirementspersonnel
orientationtrainingtestingfileconversionparallel
operation

7Evaluation documentationreviewcostanalysisuser
acceptanceinternalcontroldeficienciesrecommenda
tions

TheACMADsystemsteamconsistsofthemanagerand
threemosquitocontroltechnicians Ininitialplanning
sessionsjobassignmentswereissuedinthreeareasprogram
mingdocumentationandlogicOnetechnicianwasassigned
responsibilityineachareaandtheothersassisted The

managerledthegroupinplanningaprogramscheduleThe
firsttasktobeaccomplishedwastheupgradingoftheolddata
basewhichincludedalistofallknownmosquitosourcesin
theDistrictwithinformationastoownershiplocation
sourcetypesizemethodsoftreatmenthoursrequiredto
inspectandtreatTheinformationwascopiedbycomputer
fromexistingdisksandadditionalinformationwasgathered
fromthesupervisorsandtechniciansandenteredbykeyboard
ThenewharddiskstorageunitallowedtheDistricttostore
allthisinformationinoneplacemakingitpossibletoadda
secondarygroupoffileswhichareupdateddailybythedaily
records Thesecondaryfilesaccumulateoperationaland
biologicalinformationoneachsourcewhichcanbeaccessed
withinafewseconds Thebiologicaldatabeingaddedto
existingsourceinformationincludesthefollowing



68

1Mosquitospeciespresentatsourcethespeciesprior
itizedaccordingtohealthandpestconsiderations

2Endangeredspeciespresentatsourcesuchasthered
belliedharvestmouseandtheclapperrail

3Nontargetorganismssuchasfishbirdsmammalsand
invertebrates

4Larvalpredatorsinsourcesincludingfishandinverte
brates

5Majorvegetationtypes
TheDistrictscomputerisnowutilizedtostoreallopera

tionaldatatransmitdatafromonefacilitytoanotherupdate
thebeforementioneddatabasegenerateinspectionandtreat
mentschedulesforAedessquamigerpredictpopulationlevels
ofCulexpipiensgeneratemonthlyreportsprovidesinforma
tiononinventoriedmosquitosourcesandisusedalongwith
aDaisywheelprinterforwordprocessing Thefollowing
projectsarenowinprogresstofurtherupgradethecomputer
system

1Dailyinputsarebeingexpandedtoincludeweather
tidalandinsecticideresistancedata

2Programsarebeingdevelopedtogenerateinspections
andtreatmentschedulesforallhighprioritymosquito
species

3Asimulationmodelisbeingdevelopedofafreshwater
marshtoassistintreatmentdecisionsAgeneralmodel
isbeingdevelopedtoassistinpredictingwhetherim
portantspeciesofmosquitoesareapproachingestab
lishedthresholds

TheDistrictisintheprocessofconsolidatingfacilitieswith
theconstructionofanewofficeandshopinHaywardThe
consolidationwilleliminatetheneedtotransferdataby
phone Alsointheplansforthenewofficeareadditional
terminalstobeplacedwhereneededinthebuilding

Thesystemteamfoundthattheinitialprogrammingand
planningwentmuchquickerthananticipatedbutanunanti
cipatedamountoftimewasspentdebuggingprogramsInte
grationoftheprogramsandprocedureswiththeexisting
systemoccurredquicklyandsmoothly

Althoughaconsiderableamountoftimewasspentwith
fieldpersonnelgoingoversourceinformationthetimewas
wellspentTheefforthascreatedadatabaseofmosquito
sourceseachofwhichcanbemodifiedcreatedsubdivided
eliminatedorcheckedinamatterofsecondsThedailycards
ofemployeesservetoupdatesourcedatacontinuallyThe
Districtsnewdatabaseandsimulationsystemwithoutdoubt
hasprovidedtheDistrictsdecisionmakerswithagreater
amountofreadilyaccessiblecurrentinformationtoassistin
theirdecisions

REFERENCESCITED

PageJRandHPHopper1979BasicsofInformationSystems
Development JournalofSystemsManagementAugust1979
pp1216



THECOYOTEHILLSMARSHMODELCALIBRATIONOFINTERACTIONS

AMONGFLOATINGVEGETATIONWATERFOWLINVERTEBRATEPREDATORS

ALTERNATEPREYANDANOPHELESMOSQUITOES

JoshuaNCollinsStevenSBallingandVincentHResh

INTRODUCTIONThe Alameda County Mosquito
AbatementDistrictACMADhasselectedcomputerbased
systemsanalysistointegrateexistingmethodsforcontrolling
populationsofAnophelinemosquitoesattheCoyoteHills
MarshCoyoteHillsRegionalParkAlamedaCountyCalifor
niaThepracticalandtheoreticalaspectsoftheCoyoteHills
MarshModelhavebeendescribedbySchooleyetal1982
Roberts1982andRobertsetal1983 Thispaper
presentstheexperimentaldesignandinitialresultsofongoing
fieldstudiesthatwillbeusedtocalibratethesimulationof

interactionsamongthetargetspeciesAnophelesspppopu
lationsofotheraquaticinvertebrateswaterfowlandfloating
vegetationThusfarthesestudieshaveaddressedthreefunda
mentalquestions1WhatisthehabitatforAnophelesspp
atCoyoteHills2Whatimportantbiologicalfactorsinter
actwithAnophelessppandaffecttheirdensity3What
arethetemporalandspatialdimensionsofthisAnophelesspp
population Thatiswhatsamplesizesamplingfrequency
andlocationofsampleplotswillbestcharacterizethedyna
micsofthispopulation

SiteDescriptionUntilthelastdecadeofthenineteenth
centurytheareanowcalledtheCoyoteHillsMarshcomprised
asmallpartoftheuplandmarginofanearlycontinuousband
ofsaltmarshesthatborderedmuchoftheSanFranciscoBay
Fig1AAtthebeginningofthiscenturyeffortstodikeand

UniversityofCalifornia
DivisionofEntomologyandParasitologyBerkeleyCalifornia94720

ABSTRACT

Initialfieldstudiestocalibratecomputerbasedsimulationof

Anophelesspphabitatinteractionsindicatedthatdistributionof
larvaecloselycorrespondstothedistributionoffloatingmatsofsago
pondweedPotamogetonpectinatuslarvaeareseldomfoundinthe
openwaterofthepondcenteroralongthemarginsPondweedmats
mayincreaselarvalsurvivalbyimpedingfishpredationandbysup
portingalternativepreyegchironomidlarvaewhosedensitiesare
directlyrelatedtopondweedstandingcropp 0001Waterfowl
mayincreasepredationbycreatingpathwayswhichallowfishto
penetratethemats Floatingpondweedalsosupportsinvertebrate
predatorsthatcanreducemosquitosurvivalegpredaceousdamselflies
whosedensitiesarealsodirectlyrelatedtopondweedstandingcrop
p0001Interactionsamongpredatorsalternativepreywaterfowl
andAnophelesspparecurrentlybeingquantifiedinrelationtopond
weedbiomasstoaccountforchangesindensityofmosquitolarvae
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reclaimadjacentmarshlandforagricultureorothercom
mericalusesreducedtidalinflowanddrainagearoundCoyote
HillsTheentireareapersistedaspoorlydrainedbottomland
Fig1Bwithsalinesoilsuntilthelate1940swhenaprivate
huntingclubopenedpartoftheareatofreshwaterinfluence
SincethenthemarshhasbecomepartoftheCoyoteHills
RegionalParkandhasbeensubjectedtoaseriesoftrans
formationsusingstreamdiversionsandfloodgatestodistri
butefreshwatertovariousportionsoftheoriginalsaltmarsh
inonelargeportion6haofourstudyareaheavymachinery
wasusedtoshapebasinsandchannelsThusby1977aman
madefreshwatermarshreplacedthepreviousnaturalsaline
andbrackishwatermarshlandFig1C

Howeverremnantsoftheoriginalsaltmarshexistat
CoyoteHillsAsaresultthelocalareasupportsbothsalt
tolerantandfreshwatervegetationFig2 Pickleweed

SalicorniavirginicaandsaltgrassDistichlisspicatatypi
callydominatetheareasthathavesalinesoilwhereasthemar
ginsofthemanmadefreshwatermarshsupportcattails
TyphaspandbulrushesScirpusspThewatersurfacesof
theinteriorportionsofthefreshwatermarsharenotcovered
byvegetationduringthewintermonthsbutfromlatespring
throughautumnmostofthesesameareassupportdensemats
ofsagopondweedPotamogetonpectinatusonthewatersur
face
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Figure1ChangesinlandformandlanduseatCoyoteHillsMarshas
indicatedfromdetailsofthefollowingmapsASouthernPartof
SanFranciscoBayCaliforniaSurveyoftheCoastoftheUnitedStates
USCoastandGeodeticSurvey1882BSanFranciscoBaySouth
ernPartUSCoastandGeodeticSurvey1911CNewarkCalif
orniatopographicquadrangleUSGeologicSurvey1959photo
revised1980

HabitatDescription Baselineinformationaboutthe

speciescompositionandlifehistoriesofmosquitoesatthe
CoyoteHillsMarshhasbeencollectedbyACMADThesedata
indicatethatthemarshsupportsCulextarsalisCuliseta
inornataandAnophelesoccidentalisandAnophelesfreeborni
ThebaselinedataalsoindicatethatAnfreebornireplaces
Anoccidentalisduringmidsummerandthereafterischar
acterizedbyastableagestructureuntilrecruitmentdis
continuesinlateautumnThisinformationhasbeenusedto

establishthetimeframeformonitoringAnophelessppinthe
CoyoteHillsMarsh

InordertodeterminethespatialdistributionofAnopheles
sppatCoyoteHillswesampledlarvaealongtransectlines
thatincludedrepresentativeportionsofthevariousplant
communitiesFig2Thesetransectdataindicatethatdiffer
entspeciesofmosquitoescorrespondtodifferentplantcom
munitiesandthatAnophelessppareessentiallyrestrictedto
theinteriorareasofthefreshwatermarshwherepondweed
alsooccursTable1Thereforethedistributionofpond
weedmaybeusedtogenerallydelineatethespatialboundaries
oftheAnophelesspphabitat

Table1Percentageoftotalindividualsforeachspeciesofmosquito
collectedwithineachplantcommunityattheCoyoteHillsMarshon
8July1982

taxon

Culextarsalis

Culisetainornata

Anophelesspp

cattail

pickleweed bulrush

100 1

0 98

0 1

pondweed

1

0

99

InteractingBiologicalFactors TheCoyoteHillsModel
presentlyrecognizestwoorganismsasfactorsthatinteract
withAnophelesspp themosquitofishGambusiaaffinis
whichpreysonAnophelessppandthepondweedwhich
functionsasrefugefromGambusiaLaterinthisreportwe
willdiscusspondweedmosquitointeractionsOtherresearch
groupsarecurrentlyexaminingGambusiaecologyatthe
CoyoteHillsMarshSchooleyetal1982Schooley1983

Althoughthemodelrecognizesthatvegetationandfish
affectthedensityofAnophelessppourinitialfieldstudies
haveindicatedthatsurvivaloftheselarvaeisalsoinfluenced

byotheraquaticinvertebratesandwaterfowlBaseduponfish
stomachanalysisandquantitativeexaminationoftheinverte
bratecommunityatCoyoteHillswehaveidentifiedtwo
insecttaxadamselflynymphsincludingEnallagmacaruncula
tumEcivileandIschnuracervulaandepiphyticchironomid
midgelarvaeincludingParalauterborniellasubcinctaDicro
tendipesnervosusCricotopussppCoryneurasppand
Tanytarsinisppasorganismsthatcoexistwiththetarget
speciesandaffectitsdensityBothdamselfliesandmidgesare
abundantinthemarshandfunctionasalternativepreyfor
GambusiaandotherresidentfishegsticklebackGastero
steusaculeatusandSacramentoblackfishOrthodonmicro
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Figure2VegetationcoverandtransectlocationsStippletypesAandBrepresentthedistributionsofthepickleweedandcattailbulrushplant
communitiesrespectivelyAreascontainedwithindottedlinesegareaCrepresentpermanentopenwaterOtherareasegareaDthatsurround
permanentopenwaterrepresenttheephemeralpondweedcoverAthinborderofopenwaternotshownonthismapexistsbetweenthepondweed
andcattailsTransects1and2wereusedtodetermineboundariesfortheAnophelesspphabitatTransects3and4wereusedtotestforrelation
shipsbetweendensityofAnophelesspplarvaeandeitherwaterdepthordistancefromopenwater

lepidotusthatarepredatorsofAnophelessppFurthermore
damselfliescanbevoraciouspredatorsofmosquitolarvae

WaterfowlespeciallyAmericancootsFulicaamericana
indirectlyaffectthedensityofmosquitolarvaebycreating
pathwaysthroughthepondweedmatsatthewatersurface
ThesepathwaysappeartoallowGambusiaandotherpre
datoryfishtopenetratetheinteriorreachesofthepondweed
canopyandthusreduceitseffectivenessasrefugeformos
quitoes

DeterminationofScale Thefreshwaterbasinsand

channelsthatsupportbothAnophelessppandpondweedvary
incrossectionalprofilefrombeingsteepsidedtohavingsides
thatsteepengraduallyFig3Sincethepondweedcanopyis
reestablishedeachspringfromseedsorrhyzomesthatare
embeddedinthemarshbottomwaterdepthcanaffectthe
timingofpondweedemergenceDepthmightalsoinfluence
temperaturenutrientturnoverandconsequentlysurface
microfaunaandfloraThereforeweuseddatafromtransect
linesthatcrossedbasincontoursFig2todetermineif
densityofmosquitolarvaeisrelatedtowaterdepthThese

D N

COYOTE HILLS
MARSH

15m

71

dataindicatethatlarvaewereuncommoninshallowwater
otherwisedensityanddepthwereapparentlyunrelatedFig
4

Sincetheseshallowareasrepresentazonebetweenthe
cattailsandpondweedthatdoesnotsupportfloatingor
emergentvegetationwehypothesizedthatotherareasofopen
watermightalsolackAnopheleslarvaeSamplestakenalong
transectsthatspannedopenwaterandfloatingvegetationin
dicatedthatthedensityofAnophelesspplarvaedecreased
abruptlyatboththeouterandinnermarginsofthepondweed
coverFig5Inalllikelihoodsuchmarginstendtobeless
effectiveasrefugesfromfishpredationHoweverthefloating
matsofvegetationalsovaryinthicknessduetodifferencesin
bothplantstemdensityatthemarshbottomandthepresence
ofwaterfowlpathwaysatthewatersurface Thishetero

geneityofplantcovermightresultinvariableaccessforfish
whichinturnmightcausethedensityofmosquitolarvaeto
varyspatiallyevenwithininteriorareasofthepondweed
coveregFig5distances615m
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Figure4RelationshipbetweenwaterdepthanddensityofAnopheles
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Figure5Relationshipbetweendistancefromopenwateranddensity
ofAnophelesspplarvaeThe15mdistancecorrespondstothemost
interiorpositioninthepondweedcoverrelativetoeithertheopen
wateratthemarginsofthepondweedorthatinthemiddleofthe
freshwatermarshseeFig2

Thetransectdatathatwereusedtoexaminetheeffectsof
depthanddistancefromopenwaterclearlydemonstratethat
thedensityofAnophelessppcanvarysignificantlyovershort
Le 1mdistances Furthermorewhensamplesfrom
shadedandsunlitlocationswerecomparedsignificantdiffer
enceswerefoundforthedensityofsomeinvertebratesin
cludingAnophelessppTable2 Fieldobservationsalso

indicatedthatAnophelesspplarvaerepeatedlymoveaway
fromencroachingshadowsThesefindingssuggestthatthe
scaleusedtocollectthetransectdataie3mintervalsis
toolargeformeasuringthebiologicalinteractionsthatinvolve
Anophelesspp

Table2Comparisonsofinvertebratedensitiesinshadedandsunlit
locationsattheCoyoteHillsMarshDensitiesR sdofdamselfly

nymphsandCladoceraareper0062mofsurfacepondweedcover
andincludedindividualsintheunderlyingwatercolumnAnopheles
sppdensitiesarexperthreestandarddips

taxon sunlit

Damsefly
Cladocera

Anophelesspp

32 166

33140

6 38

shaded value

3 24

142810
1 10

0005

0014

0023

Giventhisrequirementforsmallerscaleandtheobvious
importanceofthepondweedcoverwehavebeguntoexamine
theinteractionsthatoccurrelativetothebiomassofeithera
singleplantLeoneshootfromarhyzomeorthegrowthfrom
asingleseedorallplantscontainedwithinasmallpullup
ordroptypesamplerUsingindividualplantsassampleplots
wefoundasignificantpositiverelationshipbetweenplant
biomassandtotalcountsofepiphyticmidgesFig6Like
wisedatafrompullupsamplersindicatethatplantbiomass
anddensityofdamselflynymphswerepositivelycorrelated
Fig7

Basedupontheseresultswehavesubstitutedtheline
transectsamplingapproachforastratifiedrandomdesignthat
willrestrictfieldeffortstoacentralportionofthepondweed
canopyAccordingtothisdesigneitherindividualplantsor
smallquadratswillconstitutesampleplotsdependingupon
thebiologicalfactorbeingmeasured

FutureResearchFollowingourdeterminationofhabitat
boundariesandtheappropriatescaleforfieldstudieswe
begantoexamineindetailtheinteractingbiologicalfactors
thataffectthedensityofAnophelessppatCoyoteHills
MarshBothfieldandlaboratorystudiesareunderwayto
describethebionomicsofthechironomidanddamselfly
assemblagesandthephenologyofthepondweed Field

experimentswillexamineemergencesuccessforAnopheles
sppunderdifferentconditionsofplantcoverandpredator
andalternativepreydensitiesSuchstudieswillenhancethe
useoftheCoyoteHillsMarshModelbyreducingthenumber
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Figure6RelationshipbetweentotalnumbersofepiphyticChironomi
daeandbiomassofindividualpondweedplantsPvaluereferstosigni
ficanceofthePearsonproductmomentcorrelationcoefficient

andkindsofmeasurementsrequiredasinputandbyimproving
simulationoffieldconditions
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Figure7Relationshipbetweentotalnumberofdamselflynymphsand
biomassofallplantscontainedwithin0062mofpondweedcover
andtheunderlyingwatercolumnPvaluereferstosignificanceofthe
Pearsonproductmomentcorrelationcoefficient
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THECOYOTEHILLSMARSHMODELCALIBRATIONOFTHE

INTERACTIONSAMONGFISHANDFLOATINGVEGETATION

JamesKSchooley

INTRODUCTIONThefirstphaseinecosystemmodeling
isdesignoftenusingempiricaldataortheoreticalpredictions
fromothersystemsTheCoyoteHillsMarshModelSchooley
etal1982isnoexceptionInshortthemodeldealswith
thebehaviorofaquaticpredatorsandtheirpreyinthefresh
watermarshinCoyoteHillsRegionalParkFremontCalifor
niaTheutilityofsuchasimulationforvectorcontrolisdis
cussedinRoberts1982andSchooley1983Summaries
ofmarshmorphologyandvegetationaregiveninSchooleyet
al1982andCollinsetal1983

Theonlysitespecificdataavailableonthemarshvegeta
tionandaquaticfaunaduringtheinitialdesignphaseofthe
modelconsistofmiscellaneousfieldnotestakenduringrou

tinemosquitodippingbythestaffoftheAlamedaCounty
MosquitoAbatementDistrictGEConnerpersonalcom
munication Thereforeseasonalitypopulationdensities
pondweedphenologypredatorpreyrelationshipsandmicro
habitatselectionwereallderivedfromsourcesotherthanthe

marshbeingmodeled Themostcommonsourcewasdata

fromricefieldsinCentralCalifornia

ThesecondphaseinmodelingiscalibrationDuringthis
phasethemajorbioticandabioticcompartmentsofthemodel
arecomparedtoempiricaldatatoverifyfunctionalsignific
anceandtestthereasonablenessofassumptionsconcerning
behaviorandinterrelationshipsThisisnotthesameasvalida
tionwhereactualmodelbehavioriscomparedtosystem
behavioroveraperiodoftimeCalibrationisjustthatcali
bratingtheinternalassumptionsandrelationshipsinthe
modeltobeclosetothegeneralpatternofthemarshnotto
specificconditions

Thecalibrationstudiesincludethephenologyofpondweed
andinvertebrateinteractionsCollinsetal1983andfish
interactionsandfeedingbehaviorSchooley1983 The

followingisadiscussionoftheresultsofthecalibration
studiesoffishinteractionsThefourareascalibratedwere

CaliforniaStateUniversity
DepartmentofBiologicalSciencesHaywardCalifornia94542

ABSTRACT

Studiesonthedistributionandabundanceoffishweredoneinthe
freshwatermarshoftheCoyoteHillsRegionalParkFremontCalifor
niaThepurposeofthestudieswastocalibrateanecosystemsimula
tionmodeldesignedforvectorcontrolmanagersPreliminaryresults
suggestthatthemodelingassumptionsoffishdensitiesweretoolow
andthatGambusiadistributioniscorrelatedtothedistributionsof

otherfishinthemarshModelingassumptionsconcerningtherela
tionshipoffishdistributionstopondweedappearreasonable

averagedensitiesoffishespeciallythemosquitofishGam
usiaaffinisthecorrelationbetweenfishdensityandpond
weeddensityassumedtobenegativeformosquitofish
correlationbetweenthedistancetoopenwaterandfishden
sityassumedtobenegativeformosquitofishbecauseof
reducedforagingefficiencyinareasofheavilyoccludedpond
surfaceandindependenceoffishdistributions

MATERIALS AND METHODSAfter preliminary

samplinginJuly1982fourregularsamplingeffortswere
madeatthreeweekintervalsfromAugustthroughOctober
1982Thesamplesweretakenfromthenorthernportionof
themainfreshwatermarshusingaportabledropboxThe
portabledropboxwastheonlypracticalquantitativesampler
forwatersdensewithfloatingvegetationTheboxconsisted
ofawoodenframeofonecubicmeterlinedwithplasticon
foursidesTheboxwascarriedoverheadintothemarshand

tossedapproximatelythreemeterssinkingimmediately
Subsequenttossesweremade15to25mfromthepreviousin
undisturbedwaterSixtossesweremadeinthefirsttwo

samplingeffortsandfiveinthelasttwoforatotalof22
samplesFishweredipnettedfromtheboxandpreservedon
iceforlaterweighingandmeasuringForeachsamplethe
waterdepthairtemperaturewatertemperaturesurfaceand
bottomwererecordedThenpondweedPotamogetonwas
gatheredfroma025mquadrantnexttoeachdropFinally
distancetothenearestshorenextnearestshoreboardwalks
orobservationplatformsandopenwaterwererecordedOpen
waterisdefinedasanyareagreaterthanonesquaremeter
whichdoesnothavepondweedatthesurfaceDistanceswere
measuredandusedtoeliminatecovarianceoffishspeciesdue
toanytendencytoshoalseekcoverorselectmicrohabitats
withlessoccludedwatersurfacesDistanceslessthan40m

weremeasuredtothenearest01mdistancesgreaterthan40
mwereestimatedtothenearest05mStatisticalanalysiswas
performedatthecomputingcenterofCaliforniaState



UniversityHaywardusingtheStatisticalPackageforthe
SocialSciencesSPSS

RESULTSSixfishspecieswerecollectedinthedrop
boxesTable1Fishdistributionswereclumpedandhighly
variableasindicatedbythelargestandarddeviation The

whitecatfishIctaluruscatusandtheSacramentosquawfish
Ptychocheilusgrandisfoundinqualitativesamplestaken
fromadeeperopenwaterarmofthemarshwerenottakenin
anydropbox

Therelationshipsoffishdensitywithpondweedbiomass
distancetoopenwateranddensityofotherfishspecieswere
examinedusingpartialcorrelationanalysisSteelandTorrie
1960 Apartialcorrelationcoefficientmeasuresthecor
relationbetweentwovariableswhenotherspecifiedvariables
arekeptconstantStatisticallyvariablesareheldconstantby
assuminglinearrelationshipsamongthevariablesThisshould
thenhavethesameeffectascontrollingthesevariables
experimentally

Thepartialcorrelationcoefficientsforfishdensitywith
pondweedareshowninTable2 Carpwastheonlyfish
significantlycorrelatedwithpondweedbiomassaspondweed
increasedsodidcarpdensityOnlyoneofthecarpcaughtwas
olderthanoneyearPartialcorrelationsbetweenfishdensities
anddistancetoopenwaterareshowninTable3Againcarp
wastheonlyfishwithasignificantcorrelationThisrelation
shipindicatesthatasthedistancefromopenwaterincreases
thedensityofcarpdecreasesThecoefficientsforSacramento
blackfishandthreespinedsticklebackindicateapatternof
increasingdensitywithincreasingdistancefromopenwater
howeveritwasnotstatisticallysignificantThecorrelations
betweenfishspeciesareshowninTable4 Thepositive
correlationsofmosquitofishwithSacramentoblackfish
andthreespinedsticklebackwithsculpinwerebothsignifi
cantInterestinglySacramentoblackfishcorrelatednegatively
withbothsculpinandthreespinedsticklebackwhilemos
quitofishcorrelatednegativelytotheformerandpositively
tothelatterNoneofthesehoweverwasstatisticallysignifi
cant

DISCUSSIONInthemarshmodelthedensityofmosquito
fishisnotafixedvaluebutasimulationoptionDensities
usedinsimulationexamplesrangedfrom01to05indm
whiletheactualaveragewasapproximatelytwoordersof
magnitudehigherat13indmThedensitiesofthreespined
sticklebackandjuvenileSacramentoblackfishwereassumedto
beinsignificantThusthesespecieswerenotincludedinthe

Species

Gaffinis
Gaculeatus

Omicrolepidotus
Cottussp
Ccarpio

p005

Gaculeatus

016

Table1Fishspeciesdensityplusorminusonestandarddeviation
N22

GambusiaaffinisMosquitofish
GasterosteusaculeatusThreespinedstickleback
OrthodonmicrolepidotusSacramentoblackfish
CottusspScuplin
CyrinuscarpioCarp
LepomismicrolophusRedearsunfish

Total

Species

Table2Partialcorrelationcoefficientoffishspeciesdensitywith
pondweedbiomassaftercontrollingforwatertemperaturesdepth
distancestonearshorenextnearestshoreboardwalksandopenwater
N13

Species Correlationcoefficient

Gaffinis
Gaculeatus

Omicrolepidotus
Cottussp

Ccarpio
Lmicrolophus

p005

Table3Partialcorrelationcoefficientsoffishspecieswithdistanceto
openwateraftercontrollingforwatertemperaturesdepthdistancesto
nearshorenextnearestshoreboardwalksandpondweedbiomass
N13

Species CorrelationCoefficient

Gaffinis
Gaculeatus

Omicrolepidotus
Cottussp
Ccarpio
Lmicrolophus

p005

Species

Density

Nom

128t169

168210

84140

27 42

1114

04 07

422

011

004

010

016

063

005

015

026

043

043

053

007

75

Table4Partialcorrelationcoefficientsbetweenfishspeciesaftercontrollingforsurfacewatertemperaturedepthdistancestonearshorenext
nearestshoreboardwalksandpondweedbiomassN13

Omicrolepidotus Cottussp Ccarpio Lmicrolophus
065 044 019 026

036 055 017 001

051 009 013

014 025

044
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modelSinceactualdensitiesprovedtobehigherthanantici
patedthesespecieswillbeincludedinfeedingandpondweed
distributionstudiesin1983 Thishasimportantmodeling
implicationsasbothofthesefisharepotentialpredatorson
mosquitolarvaeMoyle1976

Therelationshipsbetweenmosquitofishdensityandthe
densityanddistributionofpondweedwereconsistentwith
modelingassumptionsAsmodeledpondweedinterfereswith
thesuccessoffeedingonmosquitolarvaeratherthanre
strictingtheirentranceThisassumptionwillbetestedduring
the1983fieldseasonThethreespinedsticklebackshoweda
distributionpatternsimilartothemosquitofishrelativeto
pondweeddensityanddistribution Onehypothesisbased
onTables2and3isthatthemosquitofishmayoccurless
frequentlyindensepondweedareasbutismorelikelyto
penetratefartherintodensepondweedstandsthanstickle
backs

Thefinalmodelingassumptionwasthatmosquitofish
distributionswereindependentofthedistributionsofthe
otherfishspeciesThisassumptionwasnotmetReasons
forthiscouldbeasubstantialnicheoverlaporapredatorprey
relationshipbetweentwofishNoneofthecorrelationswith
potentialpredatorssculpincarpandsunfisharerelevantto
themodeleitheronthebasisofthedirectionofthecorrela

ationorthedensityofthepotentialpredatorFuturediet
studiesareplannedtoassessthemodelingimplicationsofthe
correlationsofmosquitofishwithSacramentoblackfishand
threespinedsticklebackIftheyaredeterminedtobecom
petitorsthemodelwillbealteredaccordingly

Futureworkwillincludecompletionofafullfieldseason
ofcalibrationstudiesanalysisoffishsecondaryproduction
andfieldtestingoftheeffectofvariablepondweeddensity
andpredatorcombinationsonmosquitolarvaesurvival
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QUALITYCONTROLINLABORATORYPRODUCTIONOFCULEXTARSALIS

Fieldreleasesofradiosterilizedmalesindicatedthat

laboratoryrearedmaterialwasuncompetitiveinthefielddue
toassortativematingbehaviorFlightmiltestsalsodemon
stratedthatalaboratorycolonywaslessthan50ascompet
entinflightaswasthefieldpopulationLaboratoryselection
mayhaveoccurredbecausefemalesfailedtooviposit

ThesestudiesweresupportedbyfundsfromtheCaliforniaState
AppropriationsforMosquitoControlResearchintheUniversityof
Californiaandbyspecialfundsformosquitocontrolresearchappro
priatedannuallybytheCalifornialegislature
2DepartmentofBiomedicalandEnvironmentalHealthSciences
3DepartmentofEntomologicalSciences

UniversityofCaliforniaBerkeleyCalifornia94720

SWARMINGANDMATINGBEHAVIOROFCULEXTARSALISCOMPARSIONOF

FIELDANDLABORATORYADAPTEDPOPULATIONS

NancyFikeKnopandWilliamKReisen

Virginadultsthatemergedfromfieldcollectedorlabora
toryrearedpupaewerereleasedintoaquonsetcageand

Thesestudiesweresupportedbyspecialfundsformosquitocon
trolresearshappropriatedannuallybytheCaliforniaLegislatureand
fromtheNationalGrantAI3028InstituteofAllergyandInfectious
Diseases

2DepartmentofEntomologicalSciences
3DepartmentofBiomedicalandEnvironmentalHealthSciences

SchoolofPublicHealthUniversityofCaliforniaBerkeleyCali
fornia94720

SMonicaAsman23andNancyFKnop

ABSTRACT

ABSTRACT
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Preliminarydataona2yearstudytoproducelaboratory
Culextarsaliswithsimilarmatingbehaviortofieldpopulations
suggestthatacompositedietconsistingofspecificnutrients
isessentialtooptimizealllifefunctionsInovipositionsite
preferenceexperimentsdataindicatedthatdarkcupsand
darkcupswithaneggraftassociatedpheromonearepre
ferredFattyacidsusedassubstitutesforthenaturalphero
monealsoshowpromiseinpreliminaryexperimentsElectro
phoreticanalysisofenzymesindicatethematerialreared
underavariablelaboratoryenvironmentratherthanaconstant
oneretainsmoreheterozygosityingenelocipatterns In

additiontoelectrophoreticmonitoringflightmillstudies
andcompetitiontestingallofwhichmuststillbedoneshould
givemoreconclusivedataonrelationshipsbetweenartificial
rearingcomponentsandlifefunctionparameters

observedduringseveraldusksanddawnsFemaleswerecol
lectedperiodicallytodeterminewhenmatingoccurred
Observationofmatingpairsfallingoutoftheswarmsand
dissectionoffemalesindicatedthatinseminationoccurs

duringtheswarmingintervalsatduskanddawnInthequon
setcagefieldcollectedmaleshadsmallerandfewerswarms
andfewerfieldcollectedfemaleswereinseminatedsuggesting
thatspaceisuseddifferentlybylaboratoryadaptedandfield
collectedCulextarsalis Laboratoryadaptedandfieldcol
lectedmosquitoesobservedinthequonsetfieldcageanda
populationobservedinthefieldrespondedsimilarlytolight
changesatduskanddawn
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LIFETIMEMATINGPATTERNSOFLABORATORYADAPTEDCULEXTARSALISMALES

ThelifetimematingpatternsofCulextarsalisCoquillett
malesweredeterminedunderinsectaryconditions Thirty
maleswereofferednewharemsofvirginfemalesdailyfrom
emergencetodeathwhileindividuallyconfinedin4litercar
toncages Thenumberofmalesalivemalesmatingand
femalesinseminatedperdaywasusedtocalculatemalelife
tablesapplyingstatisticalmethodsdevelopedforfemale
mosquitoes

Cohortsurvivorshipwasestimatedtobe98perdayand

FundedbyResearchGrantNoAI3028fromtheNationalInsti
tutesofAllergyandInfectiousDiseasesGrantNoIS01FR0441
fromtheNationalInstituesofHealthandbyspecialfundsformos
quitocontrolresearchappropriatedannuallybytheCaliforniaLegisla
ture

Atotalof158957Cxtarsalisadultscarryingarecessive
autosomalmutantcarmineeyewerereleasedon21occasions
from5Aprilto15May1982atasemiisolatedareainthearid
foothillsofKernCountyCaliforniaThepersistenceofthe
releasedgenotypewasmonitoredbyexaminingtheprogeny

FundedbyResearchGrantAI3028fromtheNationalInstituteof
AllergyandInfectiousDiseasesGeneralResearchSupportGrant
IS01FR0441fortheNationalInstitutesofHealthandbyspecial
fundsformosquitocontrolresearchappropriatedannuallybythe
CaliforniaLegislature
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SchoolofPublicHealthUniversityofCaliforniaBerkeleyCA94720

MarthaEBockWilliamKReisenandMarilynMMilby

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCaliforniaBerkeleyCalifornia94720

ABSTRACT

ABSTRACT

lifeexpectancywas29daysatemergence Themortality
ratewasgreatestbetweendays15and21ofadultlifewhen
33ofthecohortdiedThenumberofmalesmatingperday
wasgreatestbetweendays2and9decreasingtozerobyday
37 Matingactivitywasrenewedbetweendays46and55
Themaximumnumberoffemalesmatedpermalepernight
was4

Meanlifetimereproductiveeffortwas122femalesinsemi
natedpermalepergenerationrange 0to29Fourmales
accountedfor10529 ofthetotal360inseminations

Malereproductiveeffortfemalesinseminatedpermale
increasedasafunctionofmalelongevityiemalesliving
longerinseminatedmorefemales

ATTEMPTEDINSERTIONOFARECESSIVEAUTOSOMALGENE

INTOASEMIISOLATEDPOPULATIONOFCULEXTARSALIS

COQDIPTERACULICIDAE

WilliamKReisenMarthaEBockMarilynMMilbyandWilliamCReeves

offieldmatedfemalesfromthetargetpopulationback
crossingfieldmalestohomozygouscarminelaboratoryfe
malesandexaminingtheirprogenyandsearchingforhomozy
gouscarminelarvaePhenotypicfrequenciesdeclinedrapidly
followingthevernalriseofthetargetpopulationalthough
malesheterozygousforcarminewererecoveredthroughout
thesamplingperiod Assortativeswarmingandmatingbe
havioramongthereleasedgenotypemayhaveprecludedthe
insertionofthereleasedgeneintothetargetpopulationgene
poolReducedlarvalfitnessandahighimmigrationratemay
havecontributedtothefailureofthereleasedgenometobe
maintainedatahighlevel



AFIELDLARVALLIFETABLEFORANOPHELESFREEBORNI

James0NorthupandRobertKWashino

DepartmentofEntomologyUniversityofCaliforniaDavis

Fieldstudieswerecarriedoutinalargelaserplaned
commercialricefieldinYubaCountychosenforitsatypically
highdensitypopulationofAnophelesfreeborniRemoval
replacementcountsbyinstarwereperformedonasample
gridof480pointsoneachof13daysdividedintothree
periodsofsequentialsamplingbetweenJuly28andSept
ember16Thisperiodcorrespondstotheusualtimeframeof
thepeakpopulationcountsanddecliningnumbersinthe
seasonalpopulationcycleforAnfreebornibracketingthe
periodwhereinthepopulationgrowthappearsasexponential
Thesamplegridwasshiftedaftertheseventhsampledayso
thathalfthepointsweresampledthroughouttheotherhalf
sevenandsixtimesrespectivelytocontrolforlocation
phenomenaandpossibledisturbancebythesamplingprotocol

ABSTRACT
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Relativesamplingefficiencyperinstarperindividualwere
calibratedutilizingisolationcolumnsstockedwithfourdiffer
entdensitiesofAnfreebornilarvaemarkedwithneutralred
dyeCountswereanalyzedwithamodificationoftheService
Lokhanimethodindifferentialformtodeterminetheintrinsic

rateofincreaseforthelocalpopulationandadjustingtheM
valuesoftheServiceLokhanimodelappropriatelytoeliminate
steadystateassumptionswhichareinapplicabletothisspecies
Estimatedsurvivorshipshows5survivalfrom1stinstarto
pupainspiteofarichcommunityofpredatoryformsThe
populationdidnotexhibittheanticipatedprecipitousdecline
butrathershowedovipositioncontinuingbeyondthetime
ofriceharvestintolateOctoberasdeterminedatanalternate
experimentaltestsitekeptinriceforanadditionalmonth
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THEEFFECTOFBAYSIR8514AGAINSTSELECTEDORGANISMS

ASSOCIATEDWITHMOSQUITOBREEDINGHABITATS

TMiuraRMTakahashiandWHWilder

INTRODUCTIONTheinsectgrowthregulatorBAYSIR
85142ChloroN4trifluoromethoxyphenylamino
carbonylbenzamideisasubstitutedbenzamidethatinhibits
theterminalpolymerizationstepinchitinsynthesisduring
metamorphosisofinsectsHajjarandCasida1978 Itis

biologicallyveryactiveagainstavarietyofpestiferousinsects
suchasmosquitoesHeraldetal1980MiuraandTakahashi
1979MullaandDarwazeh1979Schaeferetal1978the
houseflyChang1979chironomidmidgesAliandLord
1980aJohnsonandMulla1981theClearLakegnatColwell
andSchaefer1981asciaridflyLycoriellamaliFitch
ArgauerandCantelo1980andthesprucebudwormRet
nakaran1980Howevertoxicityinformationforevaluating
itseffectsonnontargetandpredaciousorganismsofthe
targetinsectsislacking

Reportedhereareresultsofthetoxicitystudiesandfield
testsconductedtoevaluateeffectsofBAYSIR8514on

selectedaquaticorganismscommonlyassociatedwithmos
quitobreedinghabitatsintheSanJoaquinValleyof
California

MosquitoControlResearchLaboratory
UniversityofCalifornia5544AirTerminalDriveFresnoCalifornia93727

ABSTRACT

Theacutetoxicityoftechnicalmaterialofacandidatemosquito
larvicideBAYSIR85142ChloroN 4trifluoromethoxyphenyl
aminocarbonylbenzamidevariedgreatlyamongspeciesoforgan
ismsWaterfleasCeriodaphniasppwereconsiderablymoresensitive
LC 000005ppmthansideswimmersHyalellaaztecaSaussure
LC 00002ppmandearlyinstarsofcopepodsCyclopsvernalis
FischerLC 0012ppmwhereasthecompoundcaused0mor
talityofseedshrimpCyproissppat002ppmAmongaquaticin
sectstested1stinstarsofHydrophilustriangularisSaywerethemost
susceptibleLC 00006ppmfollowedbymayflynymphsCalli
baetissppLC 0003ppmDragonflynymphsAnaxjunius
Drury0mortalityat002ppmdemonstratedatoleranceMos
quitofishfryGambusiaaffinisBairdandGirardshowednoeffect
whenexposedtoa02ppmconcnfor10days

SimulatedfieldtestswithBAYSIR8514technicalmaterialat

therateof002ppmsuppressedthewaterfleaandsideswimmer
populationdensitiesbuttheyrecoveredagainCopepodpopulation
densitiesmayhavebeenaffectedbutthedamagewasminorSeed
shrimpwerenotaffectedMultipleapplicationsofBAYSIR8514
25WPattherateof56gAIhafora2monthperioddidnotharm
mosquitofishcoloniesinthetanks

Thedataobtainedfromfieldtestsindicatethata05sandG

formulationat112gAIhaanda35gliterECat112gAIhatreat
mentsseverelyaffectedwaterfleasbutonlyslightlyaffectedcopepod
populationsBothpopulationsrecoveredwithinaweekSeedshrimp
andaquaticinsectpopulationswerenotaffectedbythetreatments

MATERIALSANDMETHODSThetoxicitystudyofthe
compoundagainstnontargetorganismswasconductedinthe
laboratoryandtreatmentimpactwasinvestigatedoutdoors
inartificialcontainerspondsandirrigatedpastures

ToxicityTests Thetestorganismswereobtainedfrom
laboratorycoloniesorfromtheTracyExperimentalPlot
Miuraetal1978andonlyacclimatizedimmatureorganisms
ambienttemperature21 1Cfortwodayswereused

TheevaluationtechniqueswerethosebyMiuraand
Takahashi1973exceptwherenotedotherwiseInbriefthe
stocksolutionswtvinacetonewerepreparedfromtechnical
materialandserialdilutionswerepreparedwithdeepwell
waterasneededUsuallyeachconcnwasrunintriplicateand
eachtestwasrepeated2to3times

OutdoorTestsinArtificialContainersAsimulatedfield

testagainstzooplanktonwasconductedoutdoorsinaquaria
AmixtureofCeriodaphniasppMoinasppAlonaspp
CyproissppCyclopsvernalisandHyalellaaztecaweremain
tainedina20literglassaquariacontaining16litersofwater
Oneaquariumwastestedwith002ppmoftechnicalmaterial



inacetoneandtheotherwasleftasanexperimentalcheck
Preandposttreatmentpopulationcensusesweremadeby
samplingatthecornersofeachaquariumwitha36m1dipper

ColoniesofmosquitofishGambusiaaffinisBairdand
Girardwereestablishedintwometaltanksca200liter
capacity112x76cmsurfaceareacontaining160litersof
water Thefishinonetankweretreatedthreetimeswith

BAYSIR851425WPattherateof56gAIhatheother
tankwasleftasacheckPreandposttreatmentpopulation
countsweretakentwiceaweekwithmodifiedminnowtraps
MiuraandTakahashi1975

FieldTestsFieldtestswereconductedin002haponds
attheTracyExperimentalPlotBAYSIR8514wasapplied
withahandsprayerusinga35gliterECformulationfor
AedesnigromaculisLudlowcontrola05sandGformu
lationappliedbyagranulespreaderwasusedforCulex
tarsalisCoquillettcontrolTherateusedforbothformula
tionsrangedfrom112to112gAIha

Populationdensitiesofnontargetorganismsintreatedplots
weresampledpriortoandatintervalsaftertreatmentThe
planktonicorganismswerecollectedbya450mldipper10
dipsamplesweretakenfromeachplotandprocessedinthe
laboratoryMiuraandTakahashi19751976Thenectonic
insectswerecollectedweeklyusingmodifiedminnowtraps
MiuraandTakahashi1975

RESULTSANDDISCUSSIONToxicityTestsTheacute
toxicityoftechnicalmaterialofBAYSIR8514variedgreatly
amongorganismsTable1Generallyplanktoniccrustaceans
especiallyimmaturewaterfleasCladoceranCeriodaphnia
sppandsideswimmersHaztecawerehighlysensitive
LC 000005ppmand00002ppmrespectivelyThe
LCoformixedinstarsnauplliandearlyinstarsofcopepods
Cvernaliswas0012ppmandmixedpopulationsoflatein
starsandadultswas002ppmwhereasseedshrimpCyprois
spptoleratedthecompoundatlevelsasmuchas002ppm
Amongaquaticinsectstested1stinstarsofHydrophilus
triangularisSaywerethemostsusceptibleLC 00006

ppmbackswimmersNotonectaunifasciatusGerinnymphs
weremoderatelysusceptibleWhiledragonflyAnaxjunius
DrurynymphsdemonstratedahightoleranceNomortality

Table1BiologicalactivityofBAYSIR8514againstorganismsassociatedwithmosquitobreedinghabitats

LCsoor
Test

organism Stage mortality

Ceriodaphniaspp
Cvernalis

Cvernalis

Cyproisspp
Hazteca

Calibaetis

Nunifasciatus
Htriangularis
Ajunius
Gaffinis

Immature

Adult

Immature

Immature

Immature

Nymph
Nymph
1stinstar

Nymph
Fry

LC50
LCso
LCso

0

LCso
LCso
ca40

LC50
0

0
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wasobservedbyexposingmosquitofishfryina002ppm
concnfora10dayperiod

OutdoorTestsinArtificialContainersFigure1showsef
fectsofBAYSIR8514002ppmoncrustaceanpopulation
densities Waterfleasweremostsusceptiblethedensityde
clinedtozeroafterthetreatmentandremainedundetectable

for40daysandgraduallyrecoveredtothepretreatment
densitylevelThesideswimmerHaztecapopulationsuf
feredbutitdidnotbecomezeroThecopepodmayhave
shownsomeresponsetothetreatmentbutnoprolongedad
verseeffectswereobservedTheseedshrimpCyproisspp
populationdensitywasnotaffectedThepopulationofmos
quitofishinthetankwastreatedthreetimesattherateof56
gAIhaduringatwomonthperiodbutnodeleteriouseffect
wasobservedFigure2

FieldTests Table2summarizeseffectsofthesandG

treatment112gAIhaonplanktonicorganismsandsome
smallimmatureinsects Waterfleasweremostseverelyaf
fectedthepopulationdisappearedinthewatersampletaken
immediatelyaftertreatmentandheldinthelaboratoryfor
observationsthepopulationinthetreatedpondalsowas
severelysuppressedandremainedatundetectablelevelsfor
10daysposttreatments Copepodandmayflypopulations
mayhavesufferedslightlyintheposttreatmentwatersample
butinthetreatedpondnodetectablepopulationchangewas
observed

Figure3showstemporalpopulationdensitytrendsofcrus
taceansandmayflynymphsinthesandGtreatedplotThe
aforementionedwaterfleaswerethemostseverelyaffected
thedensityofpretreatmentcountsfluctuatedbetweenca
100and500per10dipsbutonthe4thdayposttreatment
thecountbecame0foraweekThisisincontrasttothe

resultsoftheoutdoortestinartificialcontainersinthecon

tainerthepopulationwaseliminatedforfortydaysposttreat
mentFigure1 quickerrecoveryofthedensityinthe
treatedplotisprobablyduetoreinfestationthroughperiodic
floodingfromanopenditchsystemCopepodandmayfly
nymphsmayhavesufferedfromthetreatmentbutthepopula
tiondensitieswerenotalterednoticeably Nodeleterious

effectonseedshrimpwasobserved
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Table2EffectsofBAYSIR851405sandGonnontargetorganismsappliedat112gAIhaagainstCxtarsalis

Organism

Nooforganismsinthepretreatmentwater4500m1J
Waterfleas 46 44 43 42 41

Copepods 16 13 13 13 14
Ostracods 5 5 5 5 5
MayflyNJ 1 1 1 1 1

Belostomasp 1 1 1 1 0

Noorganismsinwater4500m1collectedimmediatelyaftertreatment
Waterfleas 24 0 0 0 0

Copepods 17 13 13 9 9
Ostracods 22 19 19 15 7

MayflyN 3 3 2 1 0

Belostomasp

Noorganismsinwater4500m1fromdailyfieldcollection
Waterfleas 46 9 0 0 0
Copepods 16 34 45 23 21
Ostracods 45 430 403 79 17

MayflyN 1 51 12 54 1
Belostomasp 1 0 0 0 0

JWatersamplespretreatmentandimmediatelyaftertreatment wereheldinthelaboratoryandorganismswereobserveddaily

Nnymphs
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Figure3EffectsofBAYSIR851405sandGformulation112gAIhaoncrustaceanandmayflynymphpopulationsin
pondsarrowsindicateapplicationdaysUsepretreatmentcountsascontrol
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Seasonalabundancesofinsectpopulationdensitiesinthe
sandGtreatedplotareshowninFigure4Densitychange
duringthepreandposttreatmentwereevaluatedbythefamily
unitsfornotonectidsbackswimmers Nunifasciatusand
BuenoascimitraBareadultdytiscidspredaciouswater
beetles mostlyLaccophilussppandThermonectusspp
andadulthydrophilidswaterscavengerbeetles mostly
TropisternussppandHtriangularis Allcollectionsof

aquaticbeetlelarvaewerecombinedandtreatedasoneunit
Noadversetreatmenteffectwasobservedamongthoseinsect
groupsbyexaminingthepre andposttreatmentdensity
changesThetoxicitytestinthelaboratoryindicatedthatthe
newlyhatchedHtriangularislarvaewereconsiderablysensi
tiveLC 00006ppmbuttheresultsofthefieldtestdid
notshowanynoticeableadverseeffectonthelarvalpopula
tionalthoughHtriangularislarvaewereabundantinthe
treatedplotNotonectidbugsmayhavelearnedtoavoidtraps
whenthetrapsareusedrepeatedlyca70to90bugswere
trappedattheearlytrappingsbutonly10to25bugswere

100

SO

JULY

f

collectedateachsubsequenttrappingeventhoughthepopula
tiongrowthwasobservedinthepondstrappingrecordsdid
notreflectthisincreaseFigure4

Table3showstheresultsoftheBAYSIR8514ECtreat
mentattherateof112gAIhaonnontargetorganismsinan
irrigatedpasture Hereagainwaterfleapopulationswere
severelydamagedCopepodandmayflypopulationsmayhave
beenaffectedbutthedensitieswereneverdepressedseverely
Otherinsectsiedragonflyandcorixidnymphsandchirono
midlarvaewerealsocollectedbutthecollectionnumberswere
toosmalltodrawconclusions

Theresultsobtainedduringthisstudyareingeneralagree
mentwiththoseofAliandLord1980bMullaandDarwazeh
1979andSchaeferetal1978 Howeverthecircum

stantialdataienotoxicitytestsoforganismsofAliand
Lord1980boncopepodsdonotagreewiththepresent
findingswherecopepodswereslightlyaffectedbyBAYSIR
8514evenatarateashighas112gAIha

InsummaryBAYSIR8514doesnotappeartohaveany

BACKSWINIERS

BEETLELARVAE

1

WATERSCAVENGERBEETLEADULTS

PREDACIOUSWATERBEETLEADULTS

AUGUST SEPTEMBER
Figure4EffectsofBAYSIR851405sandGformulation112gAIhaonaquaticinsectpopulationsinpondsarrows
indicateapplicationdaysrounddotscontrolandsquaredotstreated



Table3EffectofBAYSIR851435gliterEConnontargetorganismsappliedat112gAIhaagainstAenigromaculis

Organism

Waterfleas

Copepods
MayflyNa
DragonflyN
CorixidN

ChironomidLk

Waterfleas

Copepods
MayflyN
DragonflyN
CorixidN

ChironomidL

Nnymphs

Llarvae

longlastingadverseeffectsonnontargetaquaticorganisms
associatedwithmosquitobreedinghabitatsThereforede
velopmentanduseofsuchcompoundsformosquitocontrol
willopenanewstrategyforintegratedpestmanagementpro
grams
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byaspecialCaliforniaStateappropriationformosquitocon
trolresearchandbyUSDAcooperativeagreementNoCR806
77101
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NONTHERMALAEROSOLINGTOCONTROLANOPHELESFREEBORNIAND

PREVENTSECONDARYTRANSMISSIONOFPLASMODIUMVIVAX

CPMcHughandRKWashino

CasesofPlasmodiumvivaxmalariaamongPunjabiimmi
grantsintheSutterYubaareacontinuetoconcernlocalhealth
andmosquitocontrolofficialsAlthoughthenumberofcases
in1982wasbelowthepeaknumberin1979and1980the
possibilityofsecondarytransmissionpersists Adulticiding
withnonthermalfogistheprimarymethodofpreventing
secondarytransmissionofimportedmalariaThisstudywas
designedtotesttheefficacyofadulticidingprocedurespre
sentlyemployedincontrollingadultAnophelesfreeborni
populationsinSutterCountyCalifornia

Sentinelcagetestswereconductedtodeterminethe
potentialimpactofsprayoperationsUsingmalathionunder
normalsprayconditionsie68ozminmortalityofcaged
Anfreeborniwashigh100to025mi85at05mi
Theimpactofinsecticidaltreatmentsonthewildpopulation
wasestimatedbycollectingrestingmosquitoesfrom6x4x4
ftredboxespriortoandaftertreatmentInitiallythere
appearedtobelittledifferencebetweenpopulationgrowth
inthetreatedzoneandthatinanontreatedcontrolarea

DepartmentofEntomology
UniversityofCaliforniaDavis

Afterfourweeklytreatmentshoweverpopulationgrowthin
thetreatedzonedeclinedwhilethepopulationinthenon
treatedareacontinuedtoincreaseMovementofmosquitoes
intooroutofthetreatedandthecontrolareasmayhave
influencedthesepopulationtrendsbutthispossibilitywas
notinvestigated

Becauseolderpeachorchardsprovideahabitatattractiveto
adultAnfreeborniasentinelcagetestwasconductedto
determinetheeffectivenessofnonthermalfogginginan
orchardenvironmentAyoungca5canopycoverandan
oldca70canopycoverorchardwereusedforthistest
Intheyoungorchardmortalitywasobservedatalldistances
testedover90to100m35at400mMortalityinthe
oldorchardwasnegligibleincagesclosetothesprayline
5at10mandcompletelyabsenttoallotherdistances
tested Windspeedduringtheorchardspraytestwaslow
01mphanincreaseinwindspeedmightsignificantlyalter
thespreadofinsecticidethroughtheorchard



Gravidmosquitoessometimesusecertainvolatileorganic
compoundsasolfactoryindicatorstosearchforsuitableovi
positionalsitesortoavoidunsuitablesites Ourstudies

showedthatsixlowercarboxylicacidsaceticpropionic
isobutyricbutyricisovalericandcaproicisolatedand
identifiedfromanorganicinfusionwereovipositionallyrepel
lenttogravidCulexmosquitoesHwangetal1980Further
studiesrevealedthatsomemediumchaincarboxylicacids
suchasoctanoicnonanoicanddecanoicacidsweremore
repellentthanthelowercarboxylicacidsHwangetal1982

Inthepresentstudyweevaluatedhighercarboxylicacids
fortheirovipositionalrepellencyagainstCxquinquefasciatus
Sayandinvestigatedtheirstructureactivityrelationship

Inconductingbioassayteststheolfactometerdisclosed
earlierKramerandMulla1979wasusedtodeterminethe
ovipositionalrepellencyoftestcompoundsIntheolfacto
meterfivegravidmosquitoesweregivenachoicebetweena
treateddishandacontroldishinreplicatedtestsTheovi
positionalactivitywasdeterminedbytheratioofthenumbers
ofeggraftsinthetreatedandcontroldishesandexpressedas
ovipositionalactivityindex0AIcalculatedaccordingtothe
formulaOAI NTNSNTNSNTrepresentsthenumber
ofeggraftsinthetreateddishesandNSrepresentsthatin
thecontrolAllindexvaluesfallwithintherangeof1to1
AnegativeOAIindicatesthatmoreovipositionstakeplacein
thecontrolthaninthetreateddishthussignifyingthetreated
dishcontainsarepellentOntheotherhandapositiveOAI
meansthetreatedsihcontainsanattractant

Figure1and2givethenamesandthestructuresof18un
saturatedfattyacidsevaluatedOleicacidandylinolenicacid
werethemostactiveinrepellingovipositingmosquitoesshow
ingsignificantOAIof034to035at1x10Inaddition
tothese18unsaturatedfattyacidseightstraightchainsatu
ratedfattyacidsfromC15toC21wereevaluatedandfound
tohavenoovipositionalactivity

Stearicacidisatypicalexampleofasaturatedfattyacid
whichwasfoundtobeovipositionallyinactiveOleicacidhas
adoublebondatthe9positionandshowedagoodrepel
lencyAfattyacidwithatriplebondsuchas9octadecy
noicaciddidnotshowanyovipositionalactivityTherefore
itwasapparentthatadoublebondwasessentialinafatty
acidtoshowovipositionalrepellencyFigure3

Indiscussingtherelationshipbetweentherepellencyand
thestructuresoftheunsaturatedfattyacidsthefollowing
criteriaaretakenintoconsideration 1thegeometric

EVALUATIONOFUNSATURATEDFATTYACIDSAS

MOSQUITOOVIPOSITIONALREPELLENTS

YihShenHwangGeorgeWSchultzandMirSMulla

UniversityofCalifornia

DepartmentofEntomologyRiversideCalifornia92521

isomerismaboutthedoublebond2thenumberofdouble
bonds3thepositionofthedoublebondsand4thechain
lengthoffattyacids

OleicacidandelaidicacidaregeometricisomersOleicacid
whichhascisconfigurationwasoneofthemostrepellent
compoundsamongthoseevaluatedhoweveritstransisomer
elaidicacidwasnotactiveatallAsimilarrelationshipcould
befoundbetweenpalmitoleicandpalmitelaidicacidsbetween
cisandtransvaccenicacidsandbetweenlinoleicandlino
lelaidicacids Allcisacids werehighlyrepellentbutall
transacidswereinactiveorweaklyactiveConsequentlyit
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88

wasconcludedthatadoublebondwithcisconfigurationwas
essentialforafattyacidtoshowgoodrepellency

Oleicacidandylinolenicacidwereequallyactiveandwere
moreactivethanlinoleicorlinolenicacidTheseacidsareall

Cacidsandhave12or3doublebondsbutanincreasein
thenumberofdoublebondsdidnotnecessarilyincreasethe
repellency

InC20acidsZ11eicosenoicandarachidonicacidswere
moreactivethanhomoylinolenicacidsTherewasnoclear
cutrelationshipbetweenthenumberofdoublebondsandthe
repellencyinC20acidseither

ErusicandZZZZ4710131619docosahexaenoic
acidswereequallyactivedespitetheformerbeingmono
unsaturatedandthelatterbeingpolyunsaturated

OleiccisvaccenicandpetroselinicacidsareallC18acids
withthedoublebondindifferentpositionsWhenthedouble
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Figure2Structuresofunsaturatedfattyacidsevaluatedforoviposi
tionalrepellencyPart2

bondmovedfrom9to11to6positiontheovipositional
repellencydecreasedItseemsthatacisdoublebondatthe
9positionwasessentialinattainingthehighovipositional
repellencyinC8fattyacids

Linoleicacidhas2doublebondsat9and12positionsand
wasmoderatelyrepellent Ifanadditionaldoublebondis

presentatthe15positionasinthecaseoflinolenicacidthe
activitydidnotchangeButwhentheadditionaldoublebond
waslocatedatthe6positionasinthecaseofylinolenicacid
theactivityincreasedItseemedthatthepositionofdouble
bondswascrucialindeterminingtherepellencyofanun
saturatedfattyacid

MyristoleicpalmitoleicandoleicacidsareC14C16and
C18acidsrespectivelyandhavethesamefeatureinhaving
thedoublebondatthe9position Asthechainlength
shortenedfromoleicacidtopalmitoleicacidtomyristoleic
acidtheactivitydecreasedinthisorder OleicZ11
eicosenoicerucicandnervonicacidsareC18C20C22and
C24acidsrespectivelyandshareasimilarstructuralchar
acteristicinthepositionofthedoublebondifthenumbering
startsfromthewendorthemethylendInthese4com
poundswhenthechainlengthelongatedintheaendorthe
carboxylendasfromoleicacidtoZ11eicosenoicacidto
erucicacidtonervonicacidtheactivitydecreasedAccord
inglyachainlengthof18seemstocontributetoahigher
dregreeofrepellency

Amongtheunsaturatedfattyacidtestedoleicacidwhich
seemedtomeetallthecriteriadiscussedabovewasthe
mostovipositionallyrepellenttogravidfemalesofCxquin
quefascistus
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Theprimaryfunctionofinsectcuticularlipidsistorestrict
watermovementacrossthecuticletherebypreventinginsects
fromdesiccationBeament1964Theinsectcuticularlipids
alsopreventthepenetrationofinorganiccompoundsand
affecttheabsorptionoforganiccompoundsBeament1964
Ebeling1964Theyactasabarrieragainsttheinvasionof
microorganismsDavid1967Theymayserveaskairomones
forinsectparasitesandpredatorsandaspheromonesfor
chemicalcommunicationsamongindividualinsectsofthe
samespeciesEvansandGreen1973Lewisetal1976Itis
thepheromonalfunctionofinsectcuticularlipidsthatweare
currentlymostinterestedin

Anumberofexamplesofcuticularlipidsservedassex
pheromonesindipteraninsectshavealreadybeenreported
FemalesofthelittlehouseflyFanniacanicularisLpro
ducessexattractantZ9pentacoseneUebeletal1975a
ThesexpheromoneofthefaceflyMuscaautumnalisDeGeer
wasproducedbybothsexeshoweverthepheromonalactiv
ityoftheactivecompoundsZ14nonacoseneZ13
nonacoseneandZ13heptacosenewasmaskedinthemale
byahigherproportionofnonacosaneandheptacosanethan
werepresentinthefemaleUebeletal1975b Female

MuscadomesticaLproducedZ9tricoseneasasexphero
moneCarlsonetal1971Thesexpheromoneofthemush
roomflyLycoriellamaliFitchwasreportedtobeamixture
of15to26carbonnalkaneswithheptadecanebeingthemost
activecomponentwhichwaspresent5to6timesmorein
femalesthaninmalesKostelcetal1975 1323Dime

thylpentatriacontanewaspresentinthecuticularlipidsofthe
tsetseflyGlossinapallidepesAustenandfoundtobeasex
stimulantpheromoneforthisspeciesofinsectCarlsonetal
1982

TheeyegnatHippelatescollusorTownsendisapesti
ferousinsectinsouthernCaliforniaParticularlyinCoachella
ValleyofRiversideCountyhighpopulationsofHcollusor
arefrequentlyobservedduringsummermonths Cultural

chemicalbiologicalandbehavioralcontrolstrategieshave
beenadoptedtosuppresseyegnatpopulations

AccordingtoAdamsandMulla1967oogenesisinfemale
Hcollusorcouldbedividedintoaseriesof10stageswith
stage1beingthegermariumandstage10thematureeggFe
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maleeyegnatsmatedduringstages6through9ofovarian
developmentwiththepreferredstageat7 Olfactometer

studiesdemonstratedthepresenceofasexpheromoneinlive
femalesinstages6through9Thesexpheromonewasat
tractivetomalesbutitwaseffectiveonlyoverashortdis
tanceAdams1966

Withtheknowledgeofabovedescribedfindingsweem
barkeduponaseriesofstudiesonthecuticularlipidsofH
collusorwithanultimateobjectiveofisolatingandidentifying
thesexpheromoneofthisinsectInthefirststageofthese
investigationseffortswereconcentratedontheseparation
andidentificationofcuticularcomponentsofHcollusor

Inextractingcuticularlipidsabout200femaleormale
adulteyegnatsofthesameagewerefrozenat10Cfor
45minutesandimmersedin50mlofredistilledhexanefor
fiveminuteswithoccasionalgentlestirringTheextracted
eyegnatswereremovedbyfiltrationagainimmersedinhex
aneforanotherfiveminutesandfilteredThefiltrateswere
combinedandevaporatedtodrynesstogivecuticularlipids
whichweresubjectedtogaschromatographicandmassspec
trometricanalyses

Thegaschromoatographywascarriedoutwithacolumn
packedwith3Dexsil300onChromosorbWThetempera
turewasprogrammedbetween200and300Cat4Cmin
Elevenmajorpeakswererepeatedlyobtainedfromthisglc
analysisFigure1Asimilarchromatographicpatternwas
obtainedwithaSE30columnEachcuticularcomponent
elutedfromtheSE30columnwastrappedwithdryiceand
analyzedwithamassspectrometerAsaresultofthisanaly
sis11straightchainalkanesfromC26toC36wereidenti
fiedThemostprominentcomponentwasC34alkanetetra
triacontane

Ourstudiesrevealedthatthegaschromatogramsofthe
cuticularlipidsofHcollusorconsistentlyshowedasimilar
patternof11majorpeakssuggestingthepresenceof11al
kanesregardlessofageandsexThisindicatedthatthedif
ferencesinageandsexdidnotaffectthequalitativecomposi
tionoftheeyegnatcuticularalkanes

Howeverquantitativestudiesshowedthatsomedifferences
existedinthealkanecontentsbetweensexesandamongvari

ousagesofHcollusorThemajordifferencewasfoundinthe
contentsofC29alkanenonacosanewhichconstitutedonly
40ofthoseofC30alkanetriacontaneinmalecuticular
lipidsbutwhichwasaboutequaltothoseofC30alkanein
female

InFigure2theC29toC30ratiosinthemaleandfemale
cuticularalkaneswereplottedagainsttheageofHcollusor
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extractedInonedayoldeyegnatstheratiosbetweenmale
andfemalewerequiteclose0405signifyingthatthe
chemicalcompositionsofthecuticularalkanesofbothsexes
werequalitativelyandquantitativelysimilaratthisearlyage
Thereaftertheratioforfemalessuddenlyincreasedtoabout
09andfluctuatedaroundthisleveluntilday14 This

increaseinratioindicatedthatthequantityofC29alkane
drasticallyincreasedinthecuticleofadultfemaleHcollusor
whentheyreachedtwodaysofageTheC29contentsinfe
malesremainedhighthroughouttherestoftheiradultlife
Theratioformalesontheotherhandstayedatthesamelow
level04untilthelastdayofthisexperiment

ThedeficiencyofC29alkaneinthemalealkaneswould
maketheprofileofmalecuticularlipidssomehowdifferent
fromthatoffemalelipids Thequantitativedifferencein

C36

C26

C39

chemicalcompositionmayresultinolfactorydifference
betweensexesFurtherworkiscurrentlyunderwaytostudy
theimplicationofthisdifference
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ASIMPLIFIEDAPPROACHTOOPTIMUMAEROSOLDROPSIZEBIOASSAY

Thereviewofinformationonoptimumdropletsizeby
Mount1970suggestedthatforgroundaerosolapplications
dropletsof5to10wereconsideredoptimumForaerial
spraysoraerosolsheconsideredthat10to25isprobably
optimumbutfinishedhispaperwiththecommentthatthese
valuesneedtobeconfirmedbyadditionalresearch

Since1970therehavebeendiscussionsaboutoptimum
dropletsizebutitwasnotuntilthetestsbyAkessoninlate
1981thatwehadagoodcomparisonofhowtheCalifornia
agenciesaerosolgeneratorswereperformingThemeasure
mentsinthosetestsshowedthatfewifanyofthetested
machinesmetthesmalldropsizecriteriaofMount

Isuggestthatwiththeavailabletechnologyweareina
positiontoreappraisetheconclusionsofMountconcerning
optimumdropsizeforbestkillofadultmosquitoesIalso
suggestthatthiskindofexperimentationneedstobedone
inordertoprovideabasisforestablishingprioritiesinappli
cationtechniqueresearch

IfMountiscorrectinhisassessmentwearewastingmoney
byusingtoomuchpesticideintheformoflargedroplets
andweshouldtakeimmediatestepstoreducetheseexpendi
turesbyfindingwaystoproducesmallerdropletdispersions
ofaerosols

Iproposethefollowingtestprotocoltolookforevidence
onwhetherthereisanoptimumsizedinsecticidedropletfor
adultmosquitocontrol
1 Dischargeapesticideaerosolcloudintoalargetightly

closedroom

2 Drawagivenvolumeofroomaircontainingaerosol
dropletspastcagedmosquitoesandalaserdropsize
detector Ifthedetectorprogramwillgivecumulative
volumemeasurementsofthedropletsthenexposethe
mosquitoestoauniformvolumeofpesticideforequal

WilliamEHazeltine

ButteCountyMosquitoAbatementDistrict
OrovilleCalifornia95965

doseexposureIftheprogramwillnotmeasureacumula
tivedosethenexposegroupsofmosquitoesforauniform
periodoftimemeasuringthedropletsizespectrumat
eachexposure

3 Repeattheexposuremeasurementsequenceattimeinter
valswhichwillresultineachgroupofmosquitobeingex
posedtoparticlesofcontinuallydiminishingaveragesize
duetogravitationalsettlingofthelargerdropletsduring
theintervalbetweeneachexposure

4 Observetheexposedmosquitoesattimeintervalstode
termineLT50andLT90valuesBypickingauniform
timeafterexposureandknowingtheexposuredoseand
sizeforeachgroupofexposedmosquitoesadosemor
talityrelationshipregressioncanbedeterminedaswellas
determiningwhenthedropletsizeresultsinsignificantly
lessmortality

5 Repeattheexperimentusingotherpesticideformulations
othermosquitospeciesandwhateverambienttempera
tureconditionsexist

Ifthereisabiologicaldifferenceinmortalitywithdifferent
dropsizesthedataforeachtestshouldshowamarkedchange
intrendatsomepointinthetestsequenceandthischange
pointshouldbeconsistentinrepeatedtestsThistechnique
wouldalsoallowmoreprecisionindirectlycomparingdiffer
entproductsItmightevenreplaceoratleastconfirmdata
fromtestsinthefieldinwhichmanyofushaveparticipated
overtheyears
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MOSQUITOCONTROLONTHEDAIRYWASTEWATERPONDS

INTHEDELTAVECTORCONTROLDISTRICT

WmDonaldMurray

EarlydairiesinTulareCountyCaliforniaweremostly
smallfamilydairieswithperhaps10to25milkingcows
Manydairymensatona3leggedstoolwipedthecowsudder
withadampclothandmilkedintoapailCowswereputout
topastureexceptatmilkingtimeInthisearlyperiodthere
wasusuallylittleornowastewaterproblemsincesolittle
washwaterwasusedSomewhatlaterfromthe1930sinto
the1950sthesefamilydairiesconstructedsmallmilking
barnswithconcreteflooringandmanuredepositedtherewas
hosedoutintoaditchanearbyirrigationcanalanidleweedy
areaorintoasmallshallowpondInalmostallcasesweed
growthwasheavyandtheenvironmentwassuperbforthepro
ductionofhousemosquitoesCulexquinquefasciatusEf
fectivecontrolofthesemosquitoesbylarvicidingwassome
timesimpossiblebecausethespraysusedcouldnotpenetrate
thedenseweedmassApplicationsofgranularinsecticides
werealsoineffectiveorinefficientThuswhiletheuseof
watertocleanthebarnandthecowsimprovedthedairymans
opportunitytoprovidecleanmilkitneverthelesswasdetri
mentaltothehumanenvironmentinthatitcreatedasevere

communitymosquitoproblem
Anintermediatestepintheevolutionofdairiesoccurred

inthe1950sand1960sDairiesbeganusingcorralsforhold
ingcowsthroughouttheirmilkingdays thesewereknownas

drylotdairies Sincethecowsnowspenttheirentiretimein
thecorralandbarnenclosuresallmanurewasdepositedthere

about10to15inthepremilkingholdingpenandthe
milkbarnand85to90inthecorralsTherewasincreased
useofwaterforwashingthecowsandthebarnCowsudders
werewashedmorethoroughlyandmanurecouldbewashed
outoftheholdingpenandthemilkbarncompletelyandwith
lesshandlaborthanpreviouslyInplaceofacoupleofgallons
ofwaterperdaypercowforsimplewashingmanydairies
begantouse50orupto100gallonsforsoakingthemanure
anddirtfromthecowsbeforemilkingandforwashingoutthe
holdingpenandmilkbarn

Planningforroutinedisposal oruseofthiswastewater

wasalmostalwaysinadequate Inmostcasesthismanure

ladenwaterwassimplysomethingtogetridofTheDelta
MosquitoAbatementDistrictnowknownastheDeltaVector
ControlDistrictinordertoimproveitsabilitytoprovide
effectivemosquitocontrolbeganaprogramofdairypond
constructionThesepondswereconstructedsufficientlydeep
thatnoweedscouldgrowfromthebottomandthesideswere
constructedassteeplyaspossibletoreducetheareawhere

DeltaVectorControlDistrict

1737WestHoustonAvenueVisaliaCalifornia93291
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marginalweedgrowthcouldoccurAtfirstitwasbelieved
thatthewaterlevelwouldstabilizeasaresultofpercolation
intothesoilandevaporationintotheairHowevertheman
ureservedtosealthesoilandevaporationwasinsignificant
sothesepondsfilledsurprisingquicklyGraduallyitwasreali
zedthattheonlyeffectivewaytogetridofthewastewater
wastopumpitoutusuallyintoafarmirrigationditchwhere
itcouldbeusedtohelpirrigateandfertilizethecrops

TheDistrictwhichhadbeenresponsibleforthecon
structionatcosttothedairymenandtherecommendations
foruseofagreatmanyofthepondspurchasedahighvolume
pumpconnectedtothepowertakeoffofaJeeppickupThis
wasrentedtothedairymentopumptheirdrainpondsAtthe
sametimetheDistrictencouragedthedairymentoinstall
permanentpumpsforthispurposeandmanyofthemdidso
Unfortunatelyinmanycasesthepumpingwasdoneonly
whenconvenientorwhenabsolutelynecessarytopreventan
overfloworflood

TheDistrictcarriedoutaweedcontrolprogramagainstthe
marginalweedsAsoilsterilantwasappliedinearlywinter
andacontactspraywasappliedduringthesummerRoutine
insecticidesprayingofdairywastewaterpondswascarriedout
andcontrolofhousemosquitoesprovedverysatisfactory
Howeveramajorproblemwithmanurefloatagedeveloped
Whenthemanureenteredtheponditdroppedtothebottom
Thereitproducedgaseswhichraisedsomeofittothesurface
whereitcrustedoverandformedfloatingmatsWeedsgrew
prolificallyonitandfavorablemosquitobreedingareaswere
producedovermuchofthepondsThissituationmadeeffect
ivelarvicidingbysprayinglesseffectiveFortunatelyanew
insecticideandanewtechniqueofapplicationmadeitpossible
fortheDistricttocontinuetoprovideexcellentcontrol
Dursbanwasappliedasaslugdosetheconcentratematerial
beingaddedattheentranceofthewastewatertothepond
Theamountaddedwasbasedonacalculationofthetotal

volumeoftheliquidinthepond Oneapplicationwas
completelyeffectiveforamonthormore

Duringthistimeperiodcorralswereusuallygradedflat
althoughmanurewasscrapedintoalargemoundonwhichthe
cowscouldclimbtoescapethequagmirewhichdeveloped
whenrainsfellonthemanureandmudintheheavilytravelled
areasCowsbecameheavilyencrustedwiththemanureand
mudincreasingtheneedforwashwateruseFurtherthis
muckwasveryodorousandcommunitiesseveralmilesaway
receivedthesestrongunpleasantodors
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Thenextevolutionarychangeofdairyfarmprogramsbegan
inthelate1960sandhascontinuedtothepresenttimeIn
ordertoimproveefficiencyandtobecompetitiveitap
pearedthatdairiesneededtogetlargerorceaseoperations
MostsmallgradeBdairiesdidinfactgooutofbusiness
AlsodairiesintheLosAngelesbasinwerebeingcrowdedout
byurbanexpansionandmanyofthedairymenchosetore
locateinTulareandKingsCountiesRequirementsofthe
CountyPlanningandCountyHealthDepartmentshadtobe
followedbeforepermissiontobeginconstructionwasgranted
Sufficientfarmlandhadtobeobtainedtoreceivethewaste
water TherearenoavailablesewersystemsintheValley
StateWaterQualityControlagenciesabsolutelyprohibited
runningthewastewaterintocanalsorditchesthatwouldtake
themanureladenwateroffthedairypropertyFurtherthe
nitrogenandsaltcontainingwastewatermustnotbeper
mittedtoenterundergroundwaters

Theneedtoeliminatewaterandmudquagmiresinthecor
ralsduringtherainyseasonstimulateddairymentogradetheir
corralsandthusprovidefordrainagetherainwaterbeing
directedviaditchconcretetroughorpipeintothewaste
waterpondDirtrequiredtoaccomplishthisgradingcame
fromtheareadestinedtobecomethewastewaterpondThe
amountofdirtrequiredwassometimesgreatandtheresultant
pondswerethereforelargefrequently100feetby400feetor
largerandsometimes20or30feetdeepThusthepondsnow
servedtwofunctions1toprovidedirtforgradingthecor
ralsand2toprovideaplaceforreceivingthewastewater

Unfortunatelymuchconfusiondevelopedrelativetothe
managementofthewastewaterpondandtheentiremanure
andwaterdisposalsystemDairymenwereconcernedprim
arilyabouttheircowsandmilkproduction Thosewho

movedintotheSanJoaquinValleyfromsouthernmetro
politanareassometimeshadlittleornoexperiencewithfield
farmingandoftenwerenotinterestedindevelopingormain
tainingagoodfarmirrigationprogramAlltoofrequentlythe
wastewaterpondprovedtobeaplacetodumpthewastesand
forgetaboutthemuntilaconvenienttimeoccurredtopump
themoutFurthermostdairymenappearedtohavenocon
cernaboutallthemanuresolidstheyweredumpingintothe
pondswiththeresultthatwithinacoupleofyearsthewater
capacitywaslargelygoneandexpensiveanddifficultdrag
lineoperationswerenecessarytocleanoutthemanureThis
wastrueinspiteofthefactthatthesenewerpondswerefar
largerthanmostoftheearlierponds

Thenewlargewastewaterpondshaveresultedinatre
mendousincreaseofhousemosquitoesintheDeltaVector
ControlDistrictasillustratedinChart1Ifthepondsare
cleanandfreeofmarginalweedsandfloatagetherewillbe
littleifanymosquitoproductionUnfortunatelyonlyafew
pondshavebeenmaintainedinthisconditionWeedcovered
matsoffloatingmanurehavedevelopedonmostoftheponds
inthisDistrictTheDistricttodayishelplesstoprovideef
fectivechemicalcontrolofmosquitoeswhenthematsare
presentandtheweedsaredenseInsecticideparticlescannot
efficientlypenetratethroughthedensefoliageandreachthe
watersurfacewherethelarvaeliveAllthespraywhichlands

onandstickstotheweedsurfacesisuselessforcontrollingthe
mosquitoesthusthecostofaddingenoughspraytoassure
thatsomereachesthewaterisextremeDursbanwhichhad

beeneffectiveasaslugdoseduringthe1960shasbecome
virtuallyuselessbecauseofthedevelopmentofresistancetoit
bythehousemosquitoandfurtherthevolumeofliquidin
thelargepondshasbroughtthecostofusingitbeyondthe
economicresourcesoftheDistrict Obviouslyanewlook
atthedairywastewaterproblemisneeded

Areviewhasbeenmadeoftheliteraturecoveringdairy
wastewaterdisposalanderrorsinfactandinconceptsareall
tooevidentForexampleUniversityofCaliforniaCirculars
state dairieswithmanureonlyfromthemilkingbarnand
holdingcorralgoingintothepondseldomhaveaproblemwith
floatingsolids averyuntruestatementSuggestionshave
beenmadetodrainthepondregularlymonthlyduringthe
summeranunrealisticandusuallyimpossiblerecommenda
tioninthecaseofthelargerpondsEvenifitcouldbecarried
outtheresultmightbethecreationofanevermoresevere
marginalweedproblemsincethewaterlevelformuchofthe
timewouldbebelowtheareawhereweedsterilantswereap
pliedduringthewinterAlsowindwhichcanplayanim
portantroleinpreventingegglayingandlarvalsurvivalwould
belesseffectiveifthewaterlevelisfarbelowthetopofthe
banks

AnotherrecommendationstressedbytheUniversityandby
theUSSoilConservationServiceisthattheslopeofthe
banksshouldbeshallowa45degreegradeorevenflatter
Thisplanwouldsimplyaddagreaterareawheremarginal
weedscangrowFencinghasbeenstressedinsomerecom
mendationswithoutregardtothelowactualhazardortothe
needforroutinevisitsbythemosquitoabatementdistricts
forinspectionandcontrol

Forsomereasonstresshasbeengiventoflyproductionin
dairypondsasthoughthiswouldgiveaddedimpetustothe
dairymentodosomethingaboutityettheonlyflynormally
producedinsuchapondistheinnocuousrattailedmaggot
dronefly

Manureseparationtokeepmostsolidsoutofthewaste
waterpondhasnotbeengivenproperemphasisinthelitera
tureAlsotheaddingoffreshwatertothepondtodilutethe
wastewaterandmakeitmoresuitableforuseforcropirriga
tionneedsadditionalstudyAboveallaplanneedstobede
velopedtotietheentirewastewatersystemintotheroutine
irrigationofagriculturalcrops

StaffmembersoftheDeltaVectorControlDistricthave

observedavarietyofdairywastewatersystemsafewofwhich
arevirtuallyfreeofmosquitoproductionafewofwhichare
inadeplorableconditionwithmoreorlessuncontrollable
mosquitoproductionandtheothersatvariouslevelsin
betweenTwofactorsareevidentinproblemfreesystems1
awellplannedsystemand2goodmanagementAsmightbe
expectedsomedairieshavepotentiallygoodfacilitiesbut
becauseofinadequatemanagementcreatemajormosquito
problemswhereasotherdairieswithlessthandesirablefaci
litieshaveexcellentmanagementanddonotcausetheDistrict
significantproblemsAbovealltheDistrictrecognizesthat
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moreknowledgeisneededrelativetowhatfacilitiesarebest
oratleastadequateandwhatmanagementprogramsshould
beconsideredoptimal

In1982theDistrictencouragedtheUniversityofCalifornia
MosquitoControlLaboratoryatFresnotomakeastudyof
dairywastewatersystemstodeterminescientificallywhatfaci
litiesandmanagementpracticesshouldberecommendedA

thoroughlyrevisedCircularonthissubjectisneededFollow
ingthesestudiesandtheproductionofameaningfulCircular
mosquitoabatementdistrictswillbeinagoodpositionto
workcloselywitheachdairymantoassisthimtoprovidethe
helpwhichthedistrictsneedinordertoobtainreasonably
effectivemosquitocontrolwithoutadverselyaffectingthe
totalprogramofthedairyman



REQUIREMENTSFORAPPRAISALOFTHETRUEROLEOFPARASITIC

INSECTSINTHENATURALCONTROLOFSYNANTHROPICDIPTERA

EFLegner

DifferentspeciesofsynanthropicDipterahavedifferent
favoredhabitatsasexemplifiedbytheovipositionpreferences
ofthefaceflyMuscaautumnalisDeGeerandhornfly
HaematobiairritansLinfielddungofcattleversusthebarn
yardaccumulatedexcrementhabitatsoughtafterbythecom
monhouseflyMuscadomesticaLstableflyStomoxyscalci
transLandthepoultryflyFanniacanicularisLBe
causetheirbreedinghabitatsaresodifferentSnowball1941
thesetwogroupsofDipteraareusuallyassignedtodifferent
categoriesofsynanthropyLegneretal1974Povolny1971

Foreachcategoryofhostsynanthropytherearealsodif
ferentgroupsofassociatednaturalenemiesLegneretal
1974Predatoryarthropodsappeartobeofprincipalimport
anceinthenaturalregulationofDipterabreedinginisolated
depositsofcattledunginpasturesHammer1941Legner
1978Mohr1943Poorbaughetal1968whilebothpreda
toryandparasiticarthropodsinteracttoregulatepopulations
ofDipterabreedinginaccumulatedanimalwastesandgarbage
Legner1971 Legner Olton19701971Legneretal
19741975Althoughsomenaturalenemyspeciesoverlap
intoboththepastureandaccumulateddunghabitatsthere
aremanyspecieswhicharemostlyconfinedtoeitheroneor
theotherhabitatLegner Olton1970Poorbaughetal
1968Parasiticinsectsinparticulartendtoconfinetheir
activitiestothelargeraccumulationsofdungLegner Olton

1971Legneretal1974
Animportantrequirementforappraisingthevalueofpara

siticinsectsinthenaturalcontrolofsynanthropicmuscoid
Dipteraistoextractsamplesfromthenaturalundisturbed
habitatTheimmaturehostslarvaeandpupaemustbere
moveddirectlyfromthehabitatinwhichtheywerenaturally
formedadmittedlyentailingpainstakinglaborChangingthe
breedingsituationtofacilitatecollectionaseggathering
pasturedepositeddungintopilesinordertoconcentratepupa
tionsitesofhornandfacefliesattractsthoseparasiticspecies
whichrangeinaccumulateddungfortheirhosts Conse

quentlyasmostparasitesofsynanthropicDipteraarenothost
specificbuthabitatspecificthepasturebreedinghornand

UniversityofCalifornia
DivisionofBiologicalControlRiversideCalifornia92521

ABSTRACT

Propersamplingofthenaturalbreedinghabitatofsynanthropic
Dipteraisessentialtoaccuratelyappraisetheroleofparasiticinsects
innaturalcontrol
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facefliesthensustainparasitismbyspeciesofparasitesthat
wouldrarelyifeverfindthesehostsinnature

Theimportanceofhosthabitattoparasitesearchinghas
beenemphasizedformanyyearsFlanders1937Laing1937
Salt1935Vinson1976Particularattentiontohabitatis
requiredwhenanaccurateappraisalofparasiteperformanceis
desiredSimmonds1948concludedthat toavoidmis

leadingresultscaremustbetakentosecuresamplesofhost
materialinthefieldwithdueconsiderationtothehabitsof

bothhostandparasite Inthiswaythehostexposure
methodacclaimedbyBartlettandvandenBosch1964is
notalwaysawellsuitedtechniqueeitherforthequalitative
orthequantitativeevaluationofparasitesofsynanthropic
flies Theartificialexposureofhostpupaecanasinthecase
ofHippelateseyegnatsattractparasitesthatwouldnot
normallyparasitizethehostinnatureBayetal1964Legner

Bay1965Acarefulstudyofthebreedingsituationcan
howeverresultinthedevelopmentoftechniqueswhereby
thehostmaybeexposedinarelativelynaturalsituation
Legner Bay1964

TheexposureofmuscoidDipterapupaeincontainers
withinthehosthabitatoftencalledthesentinelpupae
methodisloadedwithpotentialerrorMeyer Petersen

1982InCaliforniasuchexposureshave1producedpara
sitismbyNasoniavitripennisWalkeraparasiteofblowflies
thatisrarelysecuredfrommuscoidhostswhentheseare
extractednaturallyfromthehabitatLegner1967a2
excludedtheparasitesSpalangiacameroniPerkinsSpalangia
endiusWalkerandSpalangianigroaeneaCurtiswhichare
oftendestroyedthroughmultipleparasitismbybothN
vitripennisandMuscidifuraxsppbothintrinsicallysuperior
incompetitiontoSpalangiasppietheirlarvaekillother
parasitesthattheyencounterinsideahostwithalmost100

efficiencyAlthoughNvitripennisisthestrongestintrinsic
competitorbyvirtueofitsfasterrateofdevelopmentand
gregariousnessandMuscidifuraxsppareintermediatein
superioritytheirrespectivesearchingabilitiesinthebreeding
habitatarereversedTheSpalangiaspprangemostbroadlyin
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thehabitattheMuscidifuraxsppintermediatewhileN
vitripennissearchesprimarilyatthehabitatsurfaceandisnot
capableofpenetratingmuchbeyondafewcentimetersfor
hostpupaeAbles Shepard1974Legner1976b1977
McCoy1965Thereforesinceeachparasitespecieshasits
ownspecialpreferredportionofthebreedinghabitatan
evaluationofeachonesperformancewouldrequireposi
tioningthesentinelpupaeatdifferenthabitatdepthsfor
eachspecies Forfurtherargumentsagainstthesentinel
pupaemethodofhostexposureseeMeyer Petersen1982

Parasitespeciesalsoresponddifferentlytodifferentsizesof
hostsLegner1969aanddensitiesLegner1967b1969bA
standardizedsizeofhostwhichisnotadjustedtoseasonal
changesinnaturecouldgivebiasedresults Although
clumpingofthehostisfrequentlyfoundinnaturethedegree
ofclumpingvariesandahostexposurewouldhavetoreflect
thistorealisticallyappraiseparasiteactivityClumpingin
tensitycanbeexpectedtovaryseasonallyandaccurate
samplingwouldbenecessarytojudgeitspatternWithsuch
samplingnecessaryanywaythereisnologicalreasontoavoid
itinthefirstplace

Apercentparasitismfigurehaslittlerealvalueinpopula
tionstudiesunlessitiscloselyassociatedwithrealhostdensi
ties Forexamplesomeofthehighestlevelsofparasitism
ofsynanthropicDipteraareassociatedwithrelativelylow
hostdensitiesLegner1971Spatialdensitysamplesofhosts
maybeobtainedbysamplingknownquantitiesofhabitat
Legner Olton1971Legneretal1980
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QUESTIONSCONCERNINGTHEDYNAMICSOFONTHOPHAGUSGAZELLA

COLEOPTERASCARABAEIDAEWITHSYMBOVINEFLIESINTHE

LOWERCOLORADODESERTOFCALIFORNIA

EFLegnerandRWWarkentin

Theextraordinarydungscatteringcapabilityofthescarab
beetleOnthophagusgazellaFwassoonrecognizedfollowing
itsimportationtoHawaiifromsouthernAfricain1958to
aidinthecontrolofhornflyHaematobiairritansLLegner
1978 ThisbeetlewaslaterintroducedinAustraliawhere

itquicklybecameestablishedandsuccessfullyreducedthe
volumeofbovinefecesthatpreviouslytendedtoaccumulate
incertainpasturesWaterhouse1974 Howeveralthough
laboratorystudieshaveshownthatthepresenceofthese
beetlescaninterferewithhornflydevelopmentreducing
adultflyemergenceBlumeetal1973Bornemissza1970
therehasbeennoconclusiveevidencethatflydensitiesare
correspondinglyreducedinthefieldLegner1978aMacqueen
1975

Atfirstthisapparentineffectivenessinhornflycontrol
appearsenigmaticAtfourirrigatedpasturesintheCoachella
ValleynearThermalwhere0gazellawasintroducedinMay
1975withtheliberationof120pairssecureddirectlyfrom
Hawaiidungscatteringandpartialburyingbyadultbeetles
beginswithinanhourofitsdepositionScarabbeetlesthat
remaindormantinthesoilinsomecasesfor6monthsduring
thehotmonthsbecomeactiveimmediatelyfollowingrenewed
irrigationandcattlestocking Cattleonthesepasturesare
oftenstockedatdensitiesexceeding25 haandtheamount

ofdungthatisscatteredandburieddailybythe1cmlong
beetlesisenormous ByOctoberbeetledensitycanreach
40ormoreperfreshdroppingadensityapproachingthe
50thatMacqueen1975believedwouldberequiredforfield
flycontroltoresultAlthoughranchersareverypleasedwith
themannerinwhichthecattledungbecomesincorporated
intothesoileliminatingtheneedformechanicalmixing
thereisanobviouslackofhornflycontrolasthecattlesustain
continuouslyhighhornflydenstitiesoftenexceeding1000
perheadinautumnThesedensitiesaresimilartothoseat
tainedinpastureswheremechanicalmeansareemployed

UniversityofCalifornia
DivisionofBiologicalControlRiversideCalifornia92521

ABSTRACT

FirmlyestablishedOnthophagusgazellaFpopulationsinthe
CoachellaValleythoroughlyscattercattledungbuthornflyHaema
tobiairritansLdensitiesremainunacceptablyhighInterferences
withphysicalcontrolsandresidentnaturalenemiesaresuggested
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todispersethedungbetweenirrigations Thereforethe
dynamicsof0gazellawithsymbovinefliesLegneretal
1974isinneedoffurtherinvestigation

Oneexplanationforthelargenumbersofhornfliesonthe
cattleinpasturescontaining0gazellaisthepossibleimmigra
tionoffliesfromneighboringranchesthoughthepasturesin
questionareisolatedanditwouldbedifficulttoaccept
immigrationascausingthehighnumbersthatarecontinuously
presentInfacthornflyimmaturesareeasilyextractedfrom
shreddeddungpadsinthesefields

Apreliminarystudytomeasuretheproductionofhorn
fliesfromdunginpastureswhere0gazellaisactivewas
initiatedonNovember81982apeaktimeofyearforthis
flysabundance Tenrandomsamplesweretakenofdung
padsshreddedbyestablished0gazellapopulationsinthe
CoachellaValleyandcomparedto10unshreddedsamples
fromcontrolpasturesinwhich0gazellawasabsentSamples
wereplacedintoemergencesleevecagesinagreenhousein
cubatedat2629C5055RHand1410hLDphoto
period

Theaveragenumberperpadandovendryweightsofhorn
flyadultsproducedfromdungcollectedinbothkindsof
pastureswascalculatedAnaverageof1233hornflyadults
wasproducedfromdungpadsinwhich0gazellabeetleswere
highlyactive40perpadThisfigurewashigherthanone
controlandlowerthananotherTable1Therewereno
significantdifferencesintheovendryweightsofadultsFur
thersamplingwouldberequiredtoobtaindefinitequantified
differencesbutasignificanthornflyproductionfrom0
gazellainhabiteddungisclear

Possiblemechanismstoexplainhornflybreedinginpas
tureswhere0gazellawasactivemaybefoundinthedyna
micsofthescarabbeetleswithhornfliesandtheirnatural

enemiesinthedunghabitatWhen0gazellascattersand
buriescattledungagreatquantityoffreshhornflylarval
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Table1EmergenceofHaematobiairritansadultsfrom10randomly
sampleddungpadsinCoachellaValleyandImperialValleyirrigated
pastureswithandwithoutOnthophagusgazellapopulationspresent
Sampled8November1982

PastureType AvgNoAdult

Fliesemerged
perpad

0gazellapresent 1233

ControlI0gazella 5200

absent

ControlII0gazella 600

absent

1

dungpadsize1495ccs374cc

2ca400gazellaadultspresent perpad

306 720

2263 605

424 910

AvgODwt
x10g

035

021

085

habitatisincorporatedintothesoilbeforeithashadachance
tofullyaerateanddecomposecompostHornflyoviposi
tionbeginsinfreshdungpriortoscarabbeetleactivitywithin
minutesofdepositionandsomeeggshatchbeforebeetle
disturbanceTheensuinglarvaemayeitherremaininthepad
ordisperseatlargethroughthesoilfindingamplefoodto
completetheirdevelopmentHornflylarvaeareknownto
developsatisfactorilyinthesoiljustbelowacattledropping
Legner1978bsothatwiththedungdispersedamajorbe
havioralchangeintheflyisnotrequiredInthiswayhornfly
developmentmaybeactivelyfavoredbyflylarvaeencounter
inggreateramountsoffoodmaterialsealedfromoxygenation
andrapiddecompositioninthesoilinamannersimilarto
HippelatescollusorTownsendwhosepopulationdensity
soarswhennaturalfoodmaterialiscultivatedintothesoil
Legner1970Legneretal1966

Anotherconsiderationishabitatdestructionfornatural
enemies Althoughhornfliesareacontinuousandvexing
problemofcattleinCaliforniaanumberofnaturalenemies
doforageintheirbreedinghabitatPoorbaughetal1968
andmaycontributesomenaturalcontrolAnydisturbanceof
thiscontrolmightguaranteethesurvivalofanevengreater
numberofhornfliesSomeoftheprincipalstaphylinidpre
datorsofhornfliesintheCoachellaValleyPhilonthusdiscoi
deusGravensteinandPhilonthuslongicornisClarkLegner
unpublisheddataarepracticallyeliminatedfromdungin
pastureswhere0gazellahasbeenactiveprobablybecause
thedungscatteringactivityofthisscarabreducesmoisture
contentinthebreedinghabitattoalevelunsuitedforstaphy
linidlarvaldevelopmentThismaybesimilartotheeffects
ofcultivationonthenaturalbreedinghabitatofHippelates
eyegnatswhichcausesamarkedreductionintheeffective
nessofnaturalenemiesLegner Olton1969

Asenarioofhornflyproductioninpasturescontainingwell
establishedpopulationsof0gazellamaybehypothesizedas
followssomereductionofhornfliesmayinitiallybecaused
bythedungscatteringactivitiesofbeetlesasshowninlabora
torystudiesBlumeetal1973Bornemissza1970However

survivingflylarvaemayencounterunlimitedfoodwhichis
distributedbythescarabsthroughoutthesoilandtheymay
escapethenaturalpredationofseveralpredatorsbecauseof
habitatalterationThenetresultcouldbeagreaterhornfly
abundancethaninpastureswhere0gazellaisabsentHow
everasmechanicalpasturerenovationalsoresultsinahighfly
abundanceprobablyfromthesamecausesthedifferenceis
negligibleandmightbeanargumentfortheuseofscarabs
aslessenergyisrequiredtomaintainproductivepastures
Flycontrolneverthelessisnotachievedtoasatisfactory
level

Onrangelandwherecattleareusuallynotstockedatdensi
tiesexceeding57cattleperhaandwheremechanicaldung
mixingisnotemployedhornflydensitiesarecharacteristi
callymuchlower Dungunderthelowerherddensities

generallydecomposesatrateswhicharefastenoughtopre
cludeharmfulaccumulationsinpasturesLegner1978
McKinney Morley1975 Theintroductionofnewpre
datorynaturalenemiesheremayaffordapositivemeansfor
loweringhornflydensities Howeverintroducingscarabs
suchas0gazellacouldresultinhabitatdisruptiontothe
pointofpredatorexclusionandincreasedflydensities

Theneedforexpandedscientificinvestigationsintothe
interactionsbetweendungbeetlesandsymbovineflieswith
theirnatualenemiesremainsparamount
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