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WHYSHOULDYOUCONTINUETOBECONCERNED

ABOUTENCEPHALITISVIRUSESINCALIFORNIA

WilliamCReeves

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealthUniversityofCalifornia

BerkeleyCalifornia94720

WhenChuckBeesleyinvitedmetotalktoyou
todayheaskedmetopresentessentiallythesame
talkthatIgaveatthemeetingoftheUtah
MosquitoControlAssociationlastSeptemberAt
thattimeIreviewedthebasiccyclesofinfectionof
thetwomosquitobornevirusesthatareofcurrent
concerninCalifornianamelywesternequineen
cephalomyelitisWEEandStLouisencephalitis
SLE Ialsodiscussedthepurposesandinter
pretationofdatafromstatewideencephalitis
surveillanceprogramsChuckthoughtthatthese
topicswouldbeofinteresttoyouasmanagement
andtrusteepersonnelformosquitoandvector
controlagenciesYouwillfindthatthethemeof
mydiscussionisthatthecontrolofthesediseases
dependsuponthecontinuedreductionofvector
mosquitopopulationstolevelsthatwillpreventthe
spreadofvirusinfectionsfromwildbirdstohu
mans

History
Between1945and1984749casesofWEE

and549casesofSLEwerereportedinCalifornia
Casesoccurredinsignificantnumbersinallcoun
tiesintheCentralValleyandinlessernumbersin
southernCaliforniaHoweverifwelookatthe
yearwhenthesecasesoccurredwefindthatthere
hasbeenadramaticdecreaseofcasessince1960

Inmostrecentyearstherehavebeenfewerthan
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fivecasesintheentirestateWhyhasthisdecrease
occurredWewouldallliketosaythatMosquito
controlsolvedandeliminatedtheproblemThere
isnoquestionthatcontrolplayedamajorrolein
thedecreaseHoweverwhilethediseaseproblem
haslargelygoneawaythevectorsandviruseshave
notBothvirusesarestillhereintheirinvisiblecy
clesbetweenthemosquitoCulextarsalisCoquillett
andwildlifeCulextarsalishasaverywidedistri
butionthatcoversallofwesternNorthAmerica

exceptathigherelevationsWhenWEEwasan
importantdiseaseinhorsesinthe1930sand1940s
ithadthesamegeographicaldistributionasthe
vectorThereisevidencethatthevirusesandvec

torsstilloccurtodayovermostofthisregion
Ibelievetherearemanyreasonswhythedis

easeshavedecreasedincludingmosquitocontrol
thewidespreaduseofinsecticidesonagricultural
cropschangesinagriculturalpracticesvaccination
ofhorsesandchangesinthehabitsofoursociety
namelytheadventoftelevisionandairconditioning
thatdecreasesoutdoorexposureofpeopletovec
torsintheeveningWestillfacedifficultproblems
inthatgeneticresistancetoalmostallinsecticides
isprevalentinvectorpopulationsInadditionyou
haveheardintheprogramofthismeetingthat
moreandmorelegalandsocialrestrictionsare
beingputonmosquitocontrolpracticesItisal
mostinevitablethatvectorpopulationsaregoingto



increaseastheyalreadyareinsomeareasIam
concernedthatwemayexperienceepidemicsinthe
future

Viruscycles
OurconceptofthebasiccycleofWEEand

SLEin1945wasthatCxtarsaliswastheprimary
vectorandchickensandwildbirdswerethesource
ofvectorinfectionasthebirdshadsufficientvirus

intheirbloodtoinfectvectorsIncontrastpeople
thatwereinfectedcouldnotbeasourceofvector
infectionandthesamewastrueformostmam
malsItisamazinghowfewchangeshaveoccurred
inourknowledgeofthiscycletodayWehaveele
vatedwildbirdstothecentralspotinthecycleand
classifychickensasincidentalhoststhatmanintro
ducedintothecycleAfewadditionalmosquito
speciesarenowconsideredtobepotentialvectors
Howeverthereisnoquestionthatthebird
mosquitobirdcycleiscentraltovirusmaintenance
Iwillcallthisthesilentcycleinthatwedonotsee
itasitusuallydoesnotproducediseaseinthe
birdsorvectorsIremindyouthatwhilepeople
areclinicallysusceptibletobothvirusestheyare
accidentalhoststhatcontributenothingtothe
maintenanceofinfectionastheydonothavesuffi
cientvirusintheirbloodtoinfectavectorYou

alsomustrealizethattheabsenceofdiagnosed
casesofWEEandSLEinrecentyearsdoesnot
meanthatnoinfectionsareoccurringinpeople
Allclinicalcasesarenotreportedandinaddition
manypeoplewhoareinfecteddonotbecomeill
Indeedhundredsofpeoplecanhaveaninapparent
infectionforeveryclinicalcasethatdevelopsandis
diagnosedItisthesilentcyclethatisstilloccur
ringinmuchoftheareadepictedintheoldepi
demicmapsandwhichstillmaybeoccurringin
yourdistrict

Surveillance

Letmeturnnowtothesubjectofthecurrent
statewidesurveillanceprogramfortheseinfections
inCaliforniaDrEmmonsandothersdescribed
currentfindingsontheprogramearlierthismorn
ingThesurveillanceprogramgathersinformation
inthefollowingcategoriesthatisrelevanttothe
occurrenceofthesediseases

1Waterresources

2Temperatures
3Economicresources

2

4Vectorpopulations
5Viralactivity

aVectors

bSentinelhosts

cClinicalcases

Amosquitocontrolagencyreadilyhasfirst
handknowledgefromitsownregioninthefirst
threecategoriesWaterisnecessarytoproduceCx
tarsalisandanexcessofuncontrolledwaterfrom

naturalfloodingorfromagriculturalorurban
sourcesinanareapotentiallymeanstherewillbe
moreCrtarsalisorothervectorsTemperature
dataareavailabletoyoueachdayandweknow
thattemperaturecontrolstherateofmosquitode
velopmentandvirusmultiplicationinthevector
Youalsoknowthebudgetyouhaveeachyearto
controlvectorsandthelimitationsinyourcapacity
toeffectivelyreducelarvaloradultmosquitopop
ulationsYouobtaindataroutinelyonvectorpop
ulationlevelsbyrunningNewJerseylighttrapsor
CDCtrapstocollectadultmosquitoesandyou
monitorforthepresenceoflarvalpopulationsby
waterinspectionsIfyouwishyoucanfocusasig
nificantpartofyourprogramonCrtarsaliscon
trol

Dataonvirusinfectioninvectorsareobtained

whenyoucollectmosquitoesfromCDCtrapsand
sendthemtotheStateDepartmentofHealthor
theUniversitylaboratoriesforvirustestsMore
thanthreemillionmosquitoeshavenowbeen
testedforvirusinthisprogramThisisanexpen
siveandlaborintensiveprogrambutitprovides
veryspecificinformationonthepresenceofinfec
tioninanareaataparticulartimeandtellsus
whichspeciesareinvolvedasvectors

Sixtyeightsentinelchickenflocksof20to25
birdseachweredistributedinCaliforniain1988
Thedistributionofflockscoversmostofthere
gionswhereweexpectWEEorSLEvirusestooc
cur Thesebirdspotentiallyarefeduponeach
nightbyCxtarsalis Thebirdsarebledeach

monthandthisresultsinmorethan1000blood
samplesthataretestedtoseeifthechickenshave
beeninfected Thisyearvirusactivityoccurred
primarilyinsouthernCaliforniawithanextension
ofSLEintoKernCountyinlatesummer

Informationonclinicalcasesisobtainedby
veterinariansandphysiciansandconfirmedbylab
oratorytests



Interpretationofsurveillancedata
Thequestioniswhatdoyoudowiththe

abovesurveillancedataThereisasequenceof
eventsthatisbeingmeasuredthroughthesummer
Asavectorpopulationbuildsupvirusactivitycan
bedetectedinthevectororinsentinelbirds

Theseeventswillprecedethedetectionofcasesin
horsesorhumansVirusactivitywilloccurwhen
summertemperaturesarerising Youusedata

fromthesurveillancesystemtoanticipateanepi
demicandtopreventitYouwanttointensifyand
establishvectorcontrolbeforehumancaseshave

occurredOncecasesoccuryoucanbesurethat
additionalpeoplealreadyareinfectedandinthe
incubationperiodSomeoftheseindividualswill
becomecasesAtthispointintimeitmaybetoo
latetointervenewithlarvalcontrol Youcan
howevershiftorintensifycontroltoreducethe
numbersofinfectedandtransmittingadultvectors
intheareaAdultcontrolisexpensiveandmaybe
ineffectiveunlessitcanbeestablishedoveralarge
areaandcontinuedforatleasttendaysThisisthe
periodnecessarytointerruptthecontinuityofvirus
transmissionbetweenbirdsandmosquitoes

Letusturnnowtoestablishanunderstanding
ofsomeoftheadditionalinformationyoucanget
fromasurveillancesystemandhowtointerpretit
Anintensivesurveillanceprogramwascarriedout
inthe1960sinKernCountywhere45siteswere
thesourceofdataonmosquitopopulationsand
infectionratesinmosquitopoolsandsentinel
chickensAt18stationstheindicesoffemaleCx
tarsaliswerelessthanonepercollectionandthere
waslittleornovirusactivityItwouldbedifficult
torecovervirusatsuchsitesbytestsonpoolsof
mosquitoesasthepopulationwassolowthatyou
couldnotcollectapoolof50specimenstotest
Yetanoccasionalsentinelchickenbecamein
fectedinsuchcircumstancesItwaseasytodetect
virusinbothvectorsandsentinelbirdsatsites

wherethereweremoreCxtarsalisWhenanin

tensivecontrolprogramwasestablishedovera
largeareaandfurtherreducedtheCxtarsalispop
ulationvirusstillremainedbutwasheldatavery
lowlevelWhenCrtarsalispopulationswereheld
atthislowlevelforseveralyearsvirustendedto
disappearThesefindingsledtotheconceptthat
vectorpopulationscouldbereducedbelowa
thresholdlevelwherevirustransmissionwasvery
loworevenstoppedWhenthiswasachievedob
viouslytherewasverylittleriskofhumaninfection

3

Topursuethisfurtheryoumustrealizethat
thedetectionofvirusinamosquitopooldoesnot
meanthattheinfectedmosquitointhepoolcan
transmitinfectionifitbitesThemosquitomaynot
havecompletedvirusincubationandthevirusmay
notbeinthesalivaryglandsTolearnthisweex
posedsusceptiblechickensinbaitcansforasingle
nightWethentestedboththemosquitoesand
chickensforvirusinfectionWefoundthatonly1
in4infectedmosquitoeshadtransmittedvirusto
thebird

Clearlydetectionofvirusinamosquitopool
orinasentinelchickenwasaverysensitivemea
sureofvirusactivityifsamplingwasintensive
enoughandcoveredasizableareaHoweveryou
stillmustrealizethatdetectionofvirusactivityata
particularsitedoesnotmeanthatyouhavefound
theonehotspotinyourareaandmustrushtothat
sitetostampoutthevirusUsuallyitmeansthat
virusisactiveoverafairlylargeareaandlarvalor
adultcontrolshouldbeintensifiedwidely

Studiesonmosquitobiology
Iwantnowtoemphasizewhysuchdetailed

fieldstudiesandinvolvedtechniquesmustbeuti
lizedifwearetounderstandthebiologyof
mosquitoesandcontrolthemIfyouneedinfor
mationaboutmosquitoesyoucannotusethetech
niquesthataresosuccessfulinacensusorinsocial
studiesofpeopleForexampleyoucannotgoout
andaskafemalemosquitoHowoldareyou
Wherewereyoulastnight Whereareyou
going Howmanychildrendoyouhave Tode

velopsuchinformationrequiresspecialtechniques
andtedioushoursofworkLetmegiveyouseveral
examples

Manyfactorscontroleffectivenessofthe
maintenancecycleofWEEandSLEvirusesand
oneoftheseisthefeedinghabitsofCxtarsalisIt
maysurprise youthat different species of

mosquitoesareveryselectiveinwhatspeciesof
animalstheyfeedonSomespeciesprefertofeed
onbirdsandotherspreferhorsescattleoreven
frogsorsnakes Somewillfeedonalmostany
bloodsourceintheirenvironmentTherealsoare

widevariationswithinaspeciesandregioninhost
feedingpatternsCulextarsalisourprimaryvector
feedsonbothbirdsandmammalsandareaswhere
itshighestfeedingratesareonbirdsaregenerally
thosewiththehighestlevelsofvirusactivity It

turnedoutafterfurtherstudythatthesedifferences



werecontrolledinlargepartbythesizeofthe
vectorpopulationandthespeciesofhostsavailable
intheareaTofurtherdeterminetheimportance
oftheabundanceofmosquitoesweagainexposed
3weekoldchicksinbaitcansandexaminedthe
mosquitoescollectedWefoundthatasthenum
berofmosquitoesattractedincreasedthepropor
tionofmosquitoesthatsucceededinfeedingde
creasedIfwedidnotletthechickensdisturbthe
mosquitoestheyallfedThisreinforcedthecon
ceptthatthresholdlevelsofvectorpopulations
wererequiredtoincreaseordecreasevirustrans
missionAtlowpopulationdensitiesCxtarsalis
willfeedonitspreferredhostbirdsandtheyarea
goodsourceofvirusinfectionAsthevectorpop
ulationincreasesthebirdsreactandchasesome
individualsawaytofeedonalternativesourcesof
bloodsuchasmammalsincludingpeopleMost
speciesofmammalsarenotagoodsourceofvirus
Thisshiftinhostscandecreasetheefficiencyofa
viruscycle eveninterruptit

Letmeturnnowtotellyouhowfragilethe
virustransmissioncycleisThesequenceofblood
feedingandegglayingbyfemalemosquitoesis
calledthegonotrophiccycleIthappensthatupto
90ofOtarsalismaylaytheirfirsteggswithouta
bloodmealThisiscalledautogenyandcandelay
thefirstbloodmealafteradulthoodforfourdays
Evenifafemaleisnotautogenousshewillnot
feedforuptotwodaysafterhatchingThefirst
bloodmealmayormaynotcontainvirusandthe
femalewillovipositafterfourdaysinthesummer
andrefeedbutshecannottransmitvirusatthis

timeasincubationofthevirusisnotcomplete
Thereusuallywillbeanintervalofatleastoneday
afterovipositionbeforeasecondbloodmealand
againitrequiresfourdaysbeforeegglayingAs
youcanseeafemalewillbearound8to10days
oldwhenshefinallytakesathirdbloodmealhas
completedvirusincubationandcantransmita
virusIfsheisautogenousshemaybe10to12
daysoldbeforeshecanbeavector

Ineededforyoutounderstandhowlonga
mosquitomustliveifsheisgoingtotransmitinfec
tionasthisexplainswhywefoundinearlierstud
iesthatonly1in4mosquitoesinfectedinnature
couldtransmitinfectionTheansweristhatmost
mosquitoeswilldieofnaturalcausesora
mosquitocontrolactivityinan8to10dayinterval
Wehavedeterminedthisbymarkingreleasing
andrecapturingfemaleCxtarsalisApaperon
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thistechniqueisontheprogramthisafternoon
Wefoundthat10to35ofapopulationwilldie
eachdayandveryfewfemaleswillsurvivetotake
threeormorebloodmealsIfthefirstbloodmeal
isnotonagoodsourceofvirusthisfurtherde
creasesthechanceofviruspersistenceAsyoucan
seethisisagoodreasontotrytodevelopeffective
waystokilladultmosquitoesasitcanhavesuchan
immediateeffectonvirustransmission

Othervectorspecies
Letmeturnbrieflytoalargelyunstudiedas

pectofWEEvirustransmissiontheroleofAedes
mosquitoesasvectors InCaliforniaAedes
melanimonDyaraverycommonpestmosquitoin
manyofyourdistrictsmaybecomeinvolvedasa
secondaryvectorofWEEviruswhenCxtarsalis
spreadsinfectiontojackrabbitsAgainthereisa
paperrelatedtothistopicbyastudentonthepro
gramlatethisafternoonWesuspectthatwhen
Aedesbecomeinfectedtheycanbeaveryefficient
sourceforspreadofWEEtopeopleandhorses

Conclusions

TofinalizethisdiscussionIwouldremindyou
thatin1940wehadthreequestionstoanswerwhen
researchonWEEandSLEbeganTheseques
tionswere

1Howarethesetransmitted

2Ifvectorbornewheredovectorsget
infected

3Isthereapromisingmethodfor
control

Allthreeofthesequestionswereansweredbefore
mostofyoubecameinvolvedinvectorcontrolWe
learnedhowtocontrolCxtarsalisbutitisbe
comingincreasinglydifficultastheyhavebecome
resistanttoalmostallavailableinsecticidesandare
verytenaciousWearerapidlylearningthatwe
cannotputallofourhopesforfuturecontrolon
Bacillusthuringiensisbiologicalcontrolorsome
newmiraclechemicalinsecticideThecostofcon
trollingepidemicsisveryhighandfranklyIam
notcertaintodaythatwecouldcontrolalarge
populationofinfectedadultCxtarsalisoveralarge
areaWestillaredependentoncarryingoutlarval
controlbeginningearlyeachsummersoasto
minimizeadultpopulationsintheJunetoAugust
periodThepublicmaynotunderstandhowdiffi



cultitistocontrolmosquitoesandmaynotagree
toourusingmethodsweknowwillbeeffectiveAt
thesametimeweknowtheMADsdonotpro
ducemosquitoesandusuallyitistheactivitiesof
individualsindustriesorevencivicagenciesthat
areresponsible Theymusthaveashareinthe
responsibilityforabatementofvectorsandthedis
easestheytransmit

InclosingIwouldemphasizethatIdonot
believethatWEESLEandothermosquitoborne
viruseswillgoawayIwouldaddthatthepanelin
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yesterdaysprogramonencephalitismalariaand
Lymediseaseillustratedhowolddiseasespersist
andnewdiseasescomeintoprominenceinour
communities Wecouldaddplagueandheart
wormalongwithalistofexoticvirusesandvectors
thatcouldbeintroducedintoCaliforniaIcanonly
concludethatvectorcontrolagenciesstillfaceseri
ouschallengesandareessentialinthefutureto
protectthehealthofourpeopleIhopethatyou
andyourDistrictswillcontinuetobeconcerned
andinnovativeinyourapproachtotheseproblems



SURVEILLANCEFORARTHROPODBORNEVIRALACTIVITYANDDISEASE

INCALIFORNIADURING1988

RichardWEmmonsDaleVDonderoCynthiaSChan

MarilynMMilbyLuciaTHuiEdmondVBayer

FranklinEnnikLenorePitstickJamesLHardy

SallyPresserWilliamCReevesRobertAMurrayandJohn DWalsh

This19threportinaseriesofannualreports
totheCaliforniaMosquitoandVectorControl
AssociationCMVCAsince1969summarizesthe
resultsofcooperativeeffortsbylocalmosquito
controlagencieslocalhealthdepartmentsthe
CaliforniaDepartmentofFoodandAgriculture
privatephysiciansandveterinariansandtheagen
ciesandprogramsrepresentedbytheauthorship
Weeklyreportsofthesurveillanceprogramresults
20duringtheseasonfrom6388to111888
plusaspecialSummaryBulletin11389were
senttoalargemailinglistofparticipantsinthe
program Thissummaryoftheresultswaspre
paredforpresentationon13189atthe57thAn
nualConferenceoftheCMVCAinLosAngeles

Extensiveclinicalandlaboratorysurveillance
forhumanandequineencephalitiscaseswascon
ductedthroughoutthestatebyphysiciansepi
demiologistsandbypublichealthandprivateclini
callaboratoriesTwolaboratoryconfirmedcases
ofStLouisencephalitisSLEweredetected1
a69yearoldmanfromSanBernardinoCounty
onset92688withsourceofinfectionmostlikely
atalocationinSanBernardinoCitywhichhevis
itedalmostdailyThissiteiswithinonemileofthe
residenceofthesingleSLEcasedocumentedin
1987andisveryclosetoasentinelchickenflock

1ViralandRickettsiaDiseaseLaboratoryDivisionofLabora
toriesCaliforniaStateDepartmentofHealthServicesBerke
leyCalifornia

2AbbovirusResearchProgramSchoolofPublicHealthUni
versityofCaliforniaBerkeleyCalifornia
3EnvironmentalManagementBranchCaliforniaStateDe
partmentofHealthServicesSacramentoandBerkeleyCali
fornia

4VeterinaryPublicHealthUnitInfectiousDiseaseBranch
CaliforniaStateDepartmentofHealthServicesBerkeleyCali
fornia

5lnfectiousDiseaseBranchCaliforniaStateDepartment of

HealthServicesBerkeleyCalifornia
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siteatwhichseroconversiontoSLEoccurreddur

ingAugust19882a24yearoldwomanfrom
ImperialCountywhobecameill93088andwas
subsequentlyhospitalizedinSanDiegowherethe
diagnosiswasmadeThesiteofexposurewaspos
siblyintheHoltvilleareaofImperialCountyor
alongtheHighlandandAmericancanalswhere
sheoftenwentfishingregionswhereSLEviralac
tivitywasdetectedJulythroughSeptember1988

Atotalof25clinicallysuspectedcasesof
westernequineencephalomyelitisWEEwasre
portedfromelevenCaliforniacountiesElevenof
thecasesweretestedserologicallyand14cases
weretestedbyvirusisolationattemptsfrombrain
specimenssenttotheStateViralandRickettsial
DiseaseLaboratoryVRDLinBerkeleyThere
werenolaboratoryconfirmedcasesofWEEin
equinesinCaliforniaduring1988

Therewere5711mosquitopoolstestedduring
theyearbythe VRDL including246743
mosquitoesTable1yielding51viralisolates
Tables23Theseincluded39WEEnineSLE
andthreeCaliforniaserogroupvirusesAllisolates
ofSLEandWEEvirusescamefrompoolsofCulex
tarsalisCoquillettexceptoneisolateeachofSLE
andWEEfrompoolsofCulexpipiensquinquefas
ciatusSaycomplex Anadditional1425pools
47413mosquitoesfromsouthernCaliforniawere
testedbytheArbovirusLaboratorySchoolofPub
licHealthUniversityofCaliforniaatBerkeley
beforeandaftertheVRDLtestingprogramwas
activeThesetestsresultedin21isolationsofSLE

virusfromCxtarsaliscollectedinImperialCounty
inSeptemberandOctober

Tosimplifyandeconomizeonthesurveillance
programcellculturesinoculatedwithmosquito
poolsarenolongerbeingscreenedforTurlockand
HartParkvirusesusuallythecommonestisolates
Thereislittleornoevidencethatthesevirusesare
significantcausesofhumanorequinedisease



Therewere68sentinelchickenflockslocated

atselectedsitesinendemicareasofthestate

ThesewerebledmonthlyforSLEandWEEanti
bodytestsbyindirectenzymeimmunoassayEIA
Atotalof9445bloodsamplesweretestedThere
were104SLEand65WEEseroconversionsEx
ceptforthreeseroconversionstoSLEvirusatKern
CountysitesSLEandWEEviralactivitywascon
finedtoareasinsouthernCalifornia

WEEinfectioninchickenswasinitiallyde
tectedinImperialCountyinJuneandnoserocon
versionsoccurredafterNovemberThefirstevi

denceofSLEinfectionalsowasfoundinImperial
CountychickensbutnotuntilJulyHoweverthis
viruscontinuedtobeactivethroughthewinter

Table1Numbersofmosquitoesandpoolstestedduring1988bytheViralandRickettsialDiseaseLaboratory
bycountyandspecies

Total

Aedesmelanimon

mosq pool

BUTE 735 15

GLNN

IMPR

KERN 1839 47

LAKE 14 1

LA

MERC

ORAG

RIVR

SACR

SAND

SBAR

SBND

SHAS

STAN

SUTE

VENT

YOLO 116 3

YUBA

Culexpeus

mosq pool

3041 76 9401 275 53467

Culexpipiens

mosq pool

1498 35

976 42 15012 364

100 2 100 2

970 36 11757 375

4207 109 12227 295

194 6 146 3

178 5 641 14

36 3

2905 79 11149 239

43 2 558 17

165 4 343 9
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withseroconversionsinseveralflocksoccurringas
lateasFebruary1989Table4

Plansforthe1989surveillanceseasoninclude
continuationofthe68sentinelchickenflockswith
betterdistributionandmorefrequentbleedingsat
certainsitestoincreasethesensitivityofthiscom
ponentofthesurveillancesystemandlimitingvi
raltestsonmosquitopoolstomorecarefullyse
lectedsitesandonlythefourvectorspeciesofmost
concern CulextarsalisCulexpeusSpeiser
stigmatosomaproposedCulexpipienscomplex
andAedesmelanimonDyarFurtherattentionwill
alsobegiventotheimportanceofthewintertime
activityinsouthernCaliforniaasapossiblepredic
torofsummertimeepidemicactivity

Culextarsalis

mosq pool

OtherSp

mosq pool

TOTAL

mosq pool

6250 125 6985 140

450 9 450 9

12031 263 2303 58 15832 356

6731 149 8570 196

1169 24 1183 25

6761 165 12777 287 35526 858

1677 36 1877 40

6749 199 780 31 20256 641

50291 1090 9177 220 75902 1714

20688 420 19 1 21047 430

1388 29 100 2 2307 50

472 12 508 15

10860 238 486 16 25400 572

929 19 929 19

916 26 172 5 1689 50

2389 53 2389 53

729 20 986 23 2223 56

21979 449 22095 452

1575 35 1575 35

1356 154034 3361 26800 643 246743 5711

PrimarilyCulexerythrothoraxDyarIncludesPsorophoracolumbiaeDyarandKnabCulisetaincidensThomsonCulisetaparticeps
AdamsAedesvexansMeigenandAedesdorsalisMeigen
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Table2Numbersofviralisolatesfrommosquitoestestedduring1988byspeciescountyandagentisolated

SPECIES COUNTY

Aedesmelanimon Kern

Culextarsalis

Culexpipiens
complex

Riverside

Imperial
SanBernardino

LosAngeles

Imperial
Riverside

LosAngeles

TOTAL

WEE

12

22

3

1

1
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forniatheInfectiousDiseaseBranchCSDHS
allparticipatinglocalmosquitocontrolagencies
localhealthdepartmentstheCaliforniaDepart
mentofFoodandAgricultureprivatephysicians
andveterinarianswhosubmittedsamplesfortest
ingandallotherswhoassistedwiththeprogram
WeespeciallythanktheCaliforniaMosquitoand
VectorControlAssociationforprovidingspecial
fundstopurchasepartofthesuppliesneededfor
testsforchickenseraandmosquitoes

SLE CEV TOTAL

3 3

1

1

1

5

1

13

23

4

5

1

1

1

39 9 3 51



Table3Viralisolatesfrommosquitoestestedduring1988bytheViralandRickettsialDiseaseLaboratory
compiledchronologicallyandbyMosquitoAbatementDistrict

DIST POOL

CHLV 868

1089

COLO 161

175

181

IMPR 784

785

812

831

833

836

838

840

847

848

851

852

870

879

KERN 111

113

175

NEED 121

123

PALO 237

287

292

293

318

321

307

341

347

333

337

339

351

374

360

361

363

379

continued

SPECIES NO VIRUS DATE PLACE COUNTY
MOSQ COLL

Crtars 50 WEE 720 NorthShore Riverside
50 SLE 912 Mecca Riverside
15 WEE 727 Bard Imperial
50 WEE 822 Needles SanBernardino
50 WEE 822 Needles SanBernardino
22 WEE 76 Seeley Imperial
50 WEE 76 Seeley Imperial
50 WEE 77 Holtville Imperial
50 WEE 713 Seeley Imperial
50 WEE 713 Seeley Imperial
50 WEE 713 Seeley Imperial
50 WEE 713 Seeley Imperial

II II

35 WEE 714 Holtville Imperial
50 WEE 714 Holtville Imperial
42 SLE 714 Holtville Imperial

II

50 WEE 720 Seeley Imperial
49 WEE 720 Seeley Imperial
22 WEE 721 Holtville Imperial

Cxpip 36 WEE 727 Seeley Imperial
Aemel 50 CEV 816 LostHills Kern

50 CEV 816 LostHills Kern
50 CEV 911 LostHills Kern

Crtars 50 WEE 98 Needles SanBernardino
50 SLE 98 Needles SanBernardino
50 WEE 525 PaloVerde Imperial
50 WEE 615 PaloVerde Imperial
50 WEE 615 PaloVerde Imperial
50 WEE 615 PaloVerde Imperial
50 WEE 622 PaloVerde Imperial
24 WEE 622 PaloVerde Imperial
50 WEE 622 Riverside Blythe
50 WEE 630 PaloVerde Imperial
50 WEE 630 PaloVerde Imperial

II

50 WEE 630 Riverside Blythe
50 WEE 630 Riverside Blythe
39 WEE 630 Riverside Blythe
50 WEE 630 Riverside Blythe
50 WEE 76 PaloVerde Imperial

Cxpip 28 WEE 76 Riverside Blythe
Crtars 50 WEE 76 Riverside Blythe

50 WEE 76 Riverside Blythe
32 WEE 76 Riverside Blythe
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Table3continued

DIST POOL SPECIES NO VIRUS DATE PLACE COUNTY

MOSQ COLL

PALO 381 Crtars 50 WEE 713 Riverside Blythe
390 50 WEE 720 Riverside Blythe
414 50 WEE 83 Riverside Blythe

SOUE 473 27 SLE 88 Encino LosAngeles
500 42 SLE 815 Encino LosAngeles
522 50 SLE 822 Encino LosAngeles
523 18 SLE 822 Encino LosAngeles
569 Cxpip 35 SLE 830 Encino LosAngeles
610 Crtars 07 SLE 927 Encino LosAngeles
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Table4WEEandSLEseropositivechickensnumbertestedpercentpositiveCalifornia1988

Flocklocation SLEpositivenumbertestedpercentpositive
May24Jun3 Jun2330 Jul2027 Aug1831 Sep1526 Oct1724

NorthernCalifornia

ShastaCottonwood 022 022 021 022 022 022

TehamaMADoffice 025 025 025 023 025 025

CorningMartinRanch 025 025 024 024 023 024

ButteChico 024 025 025 025 025 nosamp

ButteGreyLodge 024 024 023 023 023 nosamp

ButteHoncut 024 021 021 020 020 nosamp

GlennWillows 021 017 019 020 019 018

SYubaPVRanch 025 025 025 025 023 024

SYubaDeans 025 025 025 025 025 024

SYubaBarker 023 08 07 07 07 07

SacYoloMerritt 023 022 022 021 019 019

SacYoloNatomas 024 024 024 023 024 024

SacYoloElkGrove 025 025 025 025 025 025

LakeMADOffice 025 025 025 025 025 024

MarinSonomaWSantaRosa 023 023 019 023 023 021

SolanoDixon 025 025 025 025 024 025

SantaClaraSanMartin 016 018 013 016 017 017

NCALIFORNIASLETOTAL 0399 0379 0368 0372 0369 0299

SanJoaquinValley

SanJoaquinLodi 019 012 019 019 019 019

EastsideOakdale 020 020 017 019 018 018

TurlockVitoria 018 020 020 020 019 020

MercedVeldhaus 024 023 023 023 023 023

MercedLucky11 026 019 026 026 024 024

FresnoWsideMendotaRef 025 025 025 025 025 022

ConsolidatedFriantRd 025 025 024 024 024 024

IcingsMADOfficeHanford 024 024 024 024 024 024

DeltaKingsburgGC 025 025 025 022 021 024

TulareMADoffice 025 025 024 023 022 023

WestSideLostHills 018 018 015 015 1119 notbled

WestSideMaricopa 020 020 020 018 1157 notbled

DelanoTeviston 024 024 023 022 020 020

KernWasco 025 025 025 024 025 025

KernFCTracy 025 025 024 023 024 022

KernButtonwillow 025 025 025 025 1254 32512

KemJohnDale 025 025 025 025 023 023

KernOildale 025 025 024 024 024 024

KernWildlifeRefuge 024 024 019 019 019 019

KernRiverBottom 024 024 dead 020 019 020

SANJOAQUINSLETOTAL 0466 0453 0427 0440 34241 33991

aAllchickensnegativeforWEEb3553negativeonOct10Sep20samplewaspositivewhenretestedbyEIAandFAcReplaced
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Table4ContinuedWEEandSLEseropositivechickensnumbertestedpercentpositivesouthernCalifornia1988

Flocklocation WEEpositivenumbertestedpercentpositiveallflocks
Jun24Jul7Jul22Aug1Aug1931 Sep1926 Oct1420 Nov1423 Dec1229Jan919 Feb713 Mar715 Apr45

GoletaGraysRanch 018 019 018 019 019 notbled notbled notbled notbled notbled notbled

VenturaPtMugu 019 019 019 019 019 notbled notbled notbled notbled notbled notbled

VenturaSimiValley 020 020 020 020 020 notbled notbled notbled notbled notbled notbled

LosAngelesLaBrea 023 024 022 023 023 021 022 022 022 022

LosAngelesCalPoly 023 024 024 024 024 024 024 024 024 024 024

SoutheastHarborLake 023 023 014 killed

LongBeachElDorado 020 020 020 020 020 020 020 020 020 020 020

SoutheastBalboaGolf 024 024 024 024 024 024 024 024 024 024 05
SoutheastNorwalk 022 022 022 021 021 021 020 020 020 020 020

OrangeFullerton 021 021 021 021 021 021 021 021 021 021 021

OrangeSanMateoPoint 019 019 019 019 019 018 019 notbled notbled notbled notbled

OrangeDuckClub 023 019 019 019 017 017 018 notbled 017 notbled 015

SanBernardinoSanBernardino 022 020 024 021 notbled notbled notbled 019 notbled notbled

WestValleyChinoSmith 024 024 024 024 024 024 024 notbled notbled notbled notbled

WestValleyBrianoBros 015 015 015 09 09 09 09 notbled notbled notbled notbled

NorthwestCorona 018 018 018 018 017 notbled notbled notbled notbled notbled notbled

CoachellaValleyPalmDesert 022 021 021 021 021 021 020 020 replaced

CoachellaValleyNorthIndio 024 024 024 024 023 023 023 023 replaced

CoachellaValleyMeora 016 016 1166 1166 1166 1166 1166 1166 replaced

CoachellaValleyThermal 024 024 024 024 020 020 020 020 replaced

ImperialFinneyRamer 61932 151979 151883 151883 151883 161889 161889 161889 replaced

ImperialKeeferRdHoltville 32313 72330 102343 102343 102343 102343 102343 102343 replaced

ImperialDrewRdSeeley 1244 172374 202387 202387 202387 notbled notbled notbled replaced

ImperialPaloVerde 52421 82433 112446 112446 112446 112348 112446 112446 replaced

ImperialBard 024 52421 62425 62425 62424 62424 62424 62424 replaced

SanDiegoSanYsidro 020 020 020 016 016 notbled notbled notbled notbled notbled notbled

SanDiegoLakeside 017 018 018 018 017 notbled notbled notbled notbled notbled notbled

SanDiegoVista 014 014 014 013 013 notbled notbled notbled notbled notbled notbled

ColoradoRiverNeedles 019 017 017 017 017 017 017 017 replaced

ColoradoRiverHavasuRefuge 023 022 021 1215 1215 1215 1215 1215 replaced

ColoradoRiverBlythe 022 021 021 021 019 019 019 019 replaced

SCALIFORNIAWEETOTAL 156272 526438 636271064607116459311454061145407114535613

Flocklocation SLEpositivenumbertestedpercentpositiveSLEpositiveflocksonly

LongBeachElDorado 020 020 22010 42020102050 112055 122060 122060 132065 132065 132065

SoutheastBalboaGolf 024 024 32413 102442 132454 142458 142458 142458 142458 142458 25

OrangeFullerton 021 021 021 1215 22110 22110 22110 22110 22110 22110 22110

OrangeDuckClub 023 019 019 019 21712 31718 31817 notbled 31718 notbled 31520

SanBernardinoSanBernardino 022 22010 2248 1215 notbled notbled notbled 31916 notbled notbled

NorthwestCorona 018 018 018 1186 1176 notbled notbled notbled notbled notbled notbled

ImperialFinneyRamer 019 1195 81844 151883 151883 151883 151883 151883replaced

ImperialKeiferRdHoltville 023 42317 152365 222396 222396 232310023231002323100replaced

ImperialDrewRdSeeley 024 023 182378 23231002323100notbled notbled notbled replaced

ImperialBard 024 2248 32413 42417 102442 102442 102442 102442 replaced

ColoradoRiverNeedles 019 017 017 017 017 017 017 1176 replaced

SCALIFORNIASLETOTAL 0627 76431 516278 82607139959317784061979407197735622

TheseflocksweretestedinFebMarAprearlyMayandlateMayearlyJunallchickenswerenegativeexceptNeedlesseebelow

aAllotherchickenskilledinMarchbThreeofthesewereSLEpositiveonSep13flockbledtwiceinSep

cChicken981FebandMarserawerenegativeAprwaspositiveHAItiterforSLE180May2wasSLEpositivebyHA

inourlabMay31wasnegativebybothEIAandFAinVRDLallsubsequentsampleswerenegativeinVRDLtests
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CALIFORNIAANDBUNYAMWERASEROGROUPVIRUSESINCALIFORNIA

BruceFEldridgeGrantLCampbellJamesLHardy

WilliamCReevesDavidAJessupandSallyBPresser

Introduction

AlthoughvirusesbelongingtotheCalifornia
CALandBunyamweraBUNserogroupsofthe
familyBunyaviridaehavebeenknownforalong
timetheyhavebeenstudiedrelativelylittlein
comparisonwithalphavirusesegwesternequine
encephalomyelitisandflavivirusesegStLouis
encephalitiswhichhistoricallyhavebeenassoci
atedwithmorediseaseinhumansanddomestic

animalsThisisespeciallytrueinCaliforniawhere
theprototypevirusCaliforniaencephalitisCE
oftheCaliforniaserogroupwasisolatedandonly
threehumancasesofCEhavebeendocumented

ThecurrentstatusofknowledgeofCALand
BUNserogroupvirusesintheUnitedStateswillbe
summarizedinthispaperalongwithrecentsero
logicalevidenceofCALandBUNserogroupvirus
infectionsindeerinCaliforniaRecentevidenceof

viralinfectionsinCaliforniamosquitoeswillbe
presentedinacompanionpaper

SummaryofcurrentknowledgeofCaliforniaand
Bunyamweraserogroupbunyaviruses

Bunyavirusesareclassifiedintoserogroups
complexesvirusessubtypesandvarietiesonthe
basisofantigenicrelationshipsCalisherandKara
batsos1988Fivebunyaviruseshavebeenisolated
fromCaliforniamosquitoesofwhichtwoarein
cludedintheCALserogroupandthreeinthe
BUNserogroupTable1 Thereisone

representativeCALserogroupviruseachinthe
CaliforniaencephalitisandMelaocomplexesCE
andJamestownCanyonJCvirusesrespectively
BUNserogroupvirusesinCaliforniabelongintwo
complexesNorthwayNORandLokernLOK
virusesintheBunyamweraComplexandMain
DrainMDvirusintheMainDraincomplex

1ThisresearchwassupportedinpartbyResearchGrantAI
26154fromtheNationalInstituteofAllergyandInfectious
Diseases

2DepartmentofEntomologyUniversityofCaliforniaDavis
CA95616

3SchoolofPublicHealthUniversityofCaliforniaBerkeley
CA94720

4DepartmentofFishandGameStateofCaliforniaRancho
CordovaCA95670
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Thepublichealthandveterinaryimportance
ofCALandBUNserogroupvirusesareonlypar
tiallyknownCEHammonandReeves1952and
JCGrimstadetal1982virusesareknownto
causeencephalitisinhumansJCvirusmayalso
causeothersymptomsinhumansincludingpneu
moniaabdominalpainsorethroatandcough
Grimstadetal1982Srihongseetal1984Very
littleisknownaboutthepublichealthimportance
ofNorthAmericanBUNserogroupvirusesal
thoughthereisevidencethathumanscanbein
fectedwithNORvirusZarnkeetal1983and
withLOKvirusKarabatsos1985MDviruswas
isolatedfromthebrainofahorsethatdiedof

encephalitisEmmonsetal1983
Theecologicalsettingforthesevirusesin

CaliforniarangesfromirrigatedareasoftheCen
tralValleytohighelevationforestedareasandhigh
desertareasJCvirusseemstobemostprevalent
inmountainousareasandinthehigheastern
plateauofCaliforniaCampbelletal1989This
isprobablyareflectionofthenortherndistribution
inNorthAmericaoftheseantigenicgroupsof
virusesandtheirassociationwitharthropodshaving
primarilyNearcticorHolarcticrangesJCvirusis
nowbelievedtorangefromAlaskaandCanada
intoallofthelower48continentalUSstates

Grimstad1988TheisolationsofJCvirushave
come from collections of Culiseta inomata

WillistonintheCentralValleyandinsoutheastern
desertareasofthestateReevesetal1983
Wallace1972

CEvirusactivityhasbeendetectedinanum
berofwesternUSstatesInCaliforniaitisappar
entlyrestrictedtotheCentralValleyandOwens
ValleyReevesetal1983NORvirushasupto
nowbeenknowntooccuronlyinAlaskaand
northwesternCanadabutrecentserologicstudies
indeerhavedemonstratedtheexistenceofthis

virusoronecloselyrelatedtoitinCalifornia
Campbelletal1989MDandLOKviruseshave
beenisolatedfromseveralsouthwesternstatesin

additiontoCaliforniaCalisheretal1986
JCvirusprimarilyinfectsdeerandanumber

ofstudiesintheMidwesthaveshownahighdegree
ofcorrelationbetweenthepresenceofthisvirus
and population levels ofwhitetailed deer



Table1CaliforniaandBunyamweraserogroupvirusesGenusBunyavirusFamilyBunyaviridaeknownto
occurinCalifornia

Serogroup Complex Virus

California California Californiaencephalitis

Melao JamestownCanyon

Bunyamwera Bunyamwera Lokern

Northway

MainDrain MainDrain

TheclassificationbyCalisherandKarabatsos1988recognizessubtypesandvarietiesofvirusesIntheir
classificationJamestownCanyonisconsideredavarietyofJamestownCanyonsubtypeofMelaovirusThey
alsorecognizeJerrySloughasavarietyofJamestownCanyonsubtypeWeconsiderJerrySloughvirustobe
synonymouswithJamestownCanyonvirus

Table2IsolationsofJamestownCanyonvirusfrommosquitoescollectedinNorthAmericafromvarious
sources

Aedes Anopheles
abserratus cnscians

aurifer punctipennis
canadensis

cantator Coquillettidia
cinereus perturbans
communis

euedes

excrucians Culiseta
melanimon inornata
sollicitans

stimulans Psorophora
thelcter confinnis
triseriatus discolor
trivittatus

vexans

Isolatedfromadultscollectedaseggs
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OdocoileusvirginianusZimmermanGrimstad
1988 CEvirusseemstobefoundmainlyin
blacktailedjackrabbitsLepuscalifornicusGray
Hardyetal1977Reevesetal1983NORvirus
appearstoinfectprimarilyungulatesMDvirus
hasbeenisolatedrepeatedlyfromblacktailedjack
rabbitsLepuscalifomicusandoncefromahorse
brainEmmonsetal1983LOKalsoisprimarily
associatedwithrabbitsCalisheretal1986

AlloftheCALandBUNserogroupviruses
areapparentlyassociatedwithmosquitoesCold
adaptedmosquitoessuchassnowpoolAedesand
Csinornataappeartobeinvolvedfrequentlyas
vectorsLOKandMDviruseshavebeenisolated

oftenfrom biting midges Culicoides and

occasionallyfrommosquitoesJCvirushasbeen
isolatedfromanumberofmosquitospeciesinthe
generaAedesAnophelesCulisetaandPsorophora
Table2IthasbeenisolatedfromadultAedes
triseriatusSayrearedfromeggsthusitcanbe
transovariallytransmittedinnatureBerryetal
1977InAlaskaandCanadaNORvirushasbeen
isolatedfromsnowpoolAedesmosquitoesand
frommosquitoesinthegenusCulisetaCalisheret
al1974

Takenasawholevirusesoftheseserogroups
showanumberofsignificantdifferencesfromthe
more extensively studied alphaviruses and
flaviruses Severalofhavebeenshowntobe

transmittedtransovariallyinnatureatrelatively
highfrequenciesMammalsratherthanbirdsare
theprimaryvertebratehostsVectorsareusually
mosquitoesofthegeneraAedesandCuliseta
ratherthanCulexthegenusofmosquitoesmost
frequentlyinvolvedasvectorsofalphavirusesand
flavivirusesinNorthAmerica Forestedmoun
tainousanddesertareasarefrequentlytheeco
logicalsettingforthesevirusesinadditiontoirri
gatedagriculturalareasFinallythepublichealth
andveterinaryimportanceofthesevirusesasa
groupislargelyunknown

Theseviruseshavebeenknownsince1943
whentheoriginalisolateofCEviruswasmade
fromAedesmelanimonDyarinKernCounty
CaliforniaThreehumancasesofencephalitisin
KernCountyin1945werelatershowntohavebeen
causedbythissamevirusHammonandReeves
1952Hammonetal1952Subsequentto1945
therehavebeennoprovenhumancasesofclinical
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CEvirusinfectionIn1968DrRichardEmmons
reportedthepresenceofJCantibodiesindeerin
theYosemiteValleyEmmons1968

Recentstudies

NoCALserogroupvirusactivityhadever
beenreportedfromOregonorWashingtonpriorto
the1980sEldridgeetal1986reportedthefirst
evidenceofactivityofthesevirusesinOregonby
demonstratingthepresenceofantibodiesindeer
fromninecountiesintheCascadeandcoastal

rangesinthatstateMuledeerblacktaileddeer
andelkserashowedevidenceofantibodiestoJC
CEsnowshoehareSSHCacheValleyCVand
KlamathvirusesSSHvirusisaCALserogroup
virusintheCaliforniaencephalitissubtypeCVis
aBUNserogroupvirusKlamathvirusisinthe
familyRhabdoviridaewhichcontainstheviruses
causingrabiesandvesicularstomatitis

Campbelletal1989usedserumdilution
neutralizationteststodetectviralantibodiesin

Californiadeerserafrombothhighelevation
mountainousareasintheSierraNevadaModoc
PlateauGreatBasinandKlamathandCascade
rangesandfromlowelevationcoastalrangesFor
JCvirustheyfoundthelevelofseropositivityin
deertobeabout23insamplesfromhighmoun
tainareasbutonly7fromlowcoastalareas
Theyalsofound antibodies toNOR virus

previouslyknowntooccuronlyinAlaskaand
Canadabutantibodieshadaboutthesamefre
quencyinsamplescollectedatbothhighandlow
elevationsTheresultswithJCantibodytestswere
consistentwithanassociationwithsnowpoolAedes
asvectorsTheNORresultssuggestedrelation
shipstowidespreadvectorssuchasCsinornataor
AedesincrepitusDyar

Weintendtobroadenourserologytestingto
lookforevidenceofinfectionofothervertebrates

withthesevirusesincludinghumanbeingsWe
alreadyhaveobtainedanumberofhumansera
Weplantocontinuetestingarthropodsespecially
mosquitoesforvirusesandtocarryoutvector
competencestudieswithdifferentmosquitospecies
forthevirusesofinterestinthisstudyAswegain
abetterunderstandingofthevectorassociationsof
theseviruseswewillintensifyourstudiesofthe
ecologyandbiosystematicsofvectorpopulations
Wehopetohavemoretoreportonthesestudies
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PRELIMINARYSTUDIESOFCALIFORNIAANDBUNYAMWERA

SEROGROUPBUNYAVIRUSESINCALIFORNIAMOSQUITOES

GrantLCampbe11BruceFEldridgeJamesLHardyWilliamCReeves

DeborahADritzandSallyBPresser
UniversityofCalifornia

DepartmentofBiomedical EnvironmentalHealthSciences

SchoolofPublicHealth

EarlWarrenHall

BerkeleyCalifornia94720

ABSTRACT

Morethan14000mosquitoesinfourgenera
werecollectedasadultsandlarvaefromtheSierra

NevadarangeModocPlateauandthenorthern
coastofCaliforniaduringthespringandsummer
of1988SpeciesintheAedescommunisGroup
includingAecommunissensulatoAedes
cataphyllaandAedeshexodontusaccountedfor
morethan87ofthetotalcollectionFivevirus

strainswereisolatedallfrommosquitoescollected
inoradjacenttoFaithValleyinAlpineCountyat
approximately2300melevationwherenearly23
ofthetotalcollectionofmosquitoeswasmadeThe
firststrainwasrecoveredfromapoolofmaleAe
cataphyllacollectedaslarvaeinearlyMayand
rearedtotheadultstageinthelaboratoryThe
remainingfourstrainswerefrompoolsoffemale
Aecommunis slcollectedasadultsAllfive
strainswereshowntobebunyavirusesinthe
Californiaserogroup and closelyrelatedto
JamestownCanyonJCvirusTheisolationof
virusfrommalesrearedfromlarvaeisevidencefor

verticaltransmissioninmosquitoeswhichhasbeen
reportedforJCviruselsewhereinNorthAmerica

Arecentserologicalstudy ofdeer in

Californiarevealedwidespreadevidenceofthe
presenceofavirussimilaroridenticaltoNorthway
NORvirusoftheBunyamweraserogroupof

1ThisresearchwassupportedinpartbyResearchGrantAI
26154fromtheNationalInstituteofAllergyandInfectious
Diseases

DepartmentofBiomedicalandEnvironmentalHealth
SciencesSchoolofPublicHealthUniversityofCalifornia
BerkeleyCA94720

3DepartmentofEntomologyUniversityofCaliforniaDavis
CA95616

4AedescommunisisknowntobeacomplexofspeciesinNorth
AmericaUntildetailedstudiesaremadeofthegeographic

rangesofthespeciesmakingupthecomplexwecannotsay
withcertaintyspeciesoccursinAlpineCounty
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bunyaviruses Priortothatstudytheknown
geographicdistributionofNORviruswaslimited
toAlaskaandnorthwesternCanadawhereithas
beenshowntoinfectungulatesandotherlarge
mammalsincludinghumansNeutralizationtests
donewiththreestrainsofunidentifiedbunyaviruses
thathadbeenisolatedfrommosquitoesinthe
CentralValleyofCaliforniaduringthepast20
yearsshowedacloseantigenicrelationshiptoNOR
virusTwooftheseNORlikeviruseswereisolated

fromAnophelesfreeborniandonewasfromAedes
sierrensiscollectedinButteCountyduring1970
1971Anotherunidentifiedbunyavirusisolated
fromAedestaeniorhynchuscollectedinSanDiego
Countyin1985wasshowntobeastrainofMain
DrainvirusoftheBunyamweraserogroupthe
occurrenceofwhichhasbeenwelldocumentedin
California

5CampbellGLBFEldridgeJLHardyWCReevesD
AJessupandSBPresserPrevalenceofneutralizingan
tibodiesagainstCaliforniaandBunyamweraserogroupviruses
indeerfrommountainousareasofCaliforniaAmJTrop

MedHyg40428437



In1988theOrangeCountyVectorControl
DistrictOCVCDincreaseditsencephalitisvirus
surveillanceEVSinthesuburbanbackyardhabi
tatsMosquitocollectionsweremadeatleastonce
eachweekwithCDCCO2lighttrapsfromMay
throughOctober Morethan21000mosquitoes
werecollectedidentifiedandpooled883pools
forarbovirusSLEandWEEtestingThiscollec
tionincluded549poolsofCulexquinquefasciatus
Say217poolsofCulextarsalisCoquillet59pools
ofCulexstigmatosomaDyar Culexpeus
Speiser42poolsofCulisetaincidensThomson
and16poolsofCulisetainornataWillistonMost
oftheCxtarsalisspecimenswerecollectedfrom
ruralhabitatsNoneofthepoolsyieldedpositive
SLEorWEEresults

Culexquinquefasciatuswasthemostfrequent
andmostprevalentmosquitospeciesfoundinthe

1DepartmentofEntomologyUniversityofCalifornia
RiversideCA92527

Table1SLEWEEseroconversionsinsmallbirdserasamplesinOrangeCounty1988

Species

RockDove

HouseSparrow

ScrubJay

HouseFinch

Total

EVALUATIONOFMOSQUITOANDARBOVIRUS

ACTIVITYINORANGECOUNTY1988

JPWebbETSchreiberSGBennett

RAllenTJSmithandGLChallet

OrangeCountyVectorControlDistrict
PostOfficeBox87

SantaAnaCalifornia92702

SLE WEE

31 16

7 2

1 0

21 1

NoBlood

Samples

1448

2097

9

4185

60 19 7739
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immediateenvironsaroundtheOrangeCounty
homesstudied OccasionallyCulexerythrothorax
DyarCxtarsalisCxstigmatosomaandorCsin
cidenswerecollectedLandingbitingstudieson
humansconductedbyoneofusETShaveshown
thatCsincidenswasthemostcommonlycollected
speciesalthoughthetotalnumberoflanding
mosquitoeswassmall

SentinelchickendatafromOrangeCountyin
cludetwoSLEseroconversionsinFullertonone
seropositivechickenwasbledinearlySeptember
andtheotherinthemiddleofOctoberandthree
atthe20RanchDuckClubinIrvinetwowere
bledinthemiddleofOctoberandtheotherin

November
Foursentinelpigeonsfromthe20Ranch

DuckClubIrvinebledinthemiddleofAugust
alsoseroconvertedforSLEantibodiesasdida
sentinelpigeonfromFullertonbledinthemiddle
ofSeptember

IntheSmallBirdSeraCollectionProgramfor
1988 conducted byJohn A Gruwell and

Percent

SLE

21

03

111

05

Percent

WEE

110

010

000

002
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assistedbyMsBeckyBrownatotalofmorethan
20000birdswastrappedfromwhich8501serum
sampleswererecoveredandanalyzedforSLEand
WEEantibodies Table1depictstheresults
FreerangingrockdovesColumbaliviaexhibited
thehighestnumberofpositiveresultsforbothSLE
andWEEifyouignorethesmallnumberofscrub
jayAphelocomacoerulescenssera Pigeons
housefmchesCarpodacusmexicanusandhouse
sparrowsPasserdomesticushaveconsistently
yieldedseropositiveindividualseachyearsince
OrangeCountybeganitssurveillanceprogramin
1985

Thetemporaldistributionofthesmallbirdse
roconversionsisshowninFigure1Thesedataare
comparedtoothervirusactivitydetectionsystems
includingsentinelchickensSCsentinelpigeons
SPmosquitopoolsMPandhumancases
HCTheonlyhumancaserecordedin1988in
volveda69yearoldSanBernardinomanPerido
mesticbirdhousefinchesandhousesparrows
seroconversion activitybeganby weeks78

February1124andacceleratedduringweeks13
14March25April7Thetwosentinelchickens
SCthatconvertedinJanuaryweeks34proba
blyrepresenttheendofaperiodofpeakingactivity
thatbeganin1987seeFigure2Dataaccrued
duringweeks4752November20December31
in1987indicatedSLEseroconversionacceleration

duringtheremainderoftheyearandintoearly
1988seeFigure1Althoughreported24weeks
behindthesmallbirddatasentinelchickensSC
andsentinelpigeonsSPalsodemonstratedposi
tiveSLEseroconversionsduringthissametime
period

Mosquitoactivitywasmonitoredintensivelyin
OrangeCountysuburbanhabitatsinadditiontothe
usualsurveillanceoperationsinthetraditionalrural
habitatsTherewerelargenumbersofCxtarsalis
intheSanJoaquinMarshwiththegreatestamount
ofactivityoccurringbetweenweeks2332June6
August11asshowninFigure3Peaknumbers
werereachedduringtheperiodbetweenmiddleto
lateJuneweeks2526AlowlevelofCxtarsalis
activitycontinuedinthemarshthroughlateOcto
berweeks4344Thispeakandtherangeofac
tivityfromMaythroughOctobercorrelatewith
dataobtainedeachyearsince1983

HostseekingCulexquinquefasciatuswerealso
collectedfromthesameruralenvironsoftheSan

JoaquinMarshFigure4 Comparisonwith
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collectionrecordsfrompastyearsindicatedthat
thenumbersofQquinquefasciatusfor1988were
essentiallyunchangedHostseekingactivitybegan
inmidAprilandendedinearlyDecemberweeks
4748 Egglayingfemalesexhibitedsignificant
levelsofactivityinthefallandwintermonths
Figure5GravidfemaletrapscollectedCxquin
quefasciatusingreaternumbersthroughoutthefall
andwintermonthsintheruralhabitatwithpeak
activityasmanyas40gravidfemalespertrap
nightduringlateSeptemberandearlyOctober

Gravidfemaletrapscollectedevenlarger
numbersofCxquinquefasciatusinsuburbanhabi
tatsAsmanyas140femalespertrapnightwere
collectedduringpeakactivityasseeninFigure6
Femaleswerealsocollectedinrelativelylarge
numbersthroughoutthefallandwintermonthsin
thesuburbanenvirons

Culextarsalishostseekingfemaleswerealso
monitoredinbackyardsAlthoughthisspeciesis
notfoundaroundhomesasfrequentlyorinas
greatnumbersasCxquinquefasciatusWebbetal
1987Webbetal1988Reisenetal1988itstill
maybesignificantasafactorinperidomestic
mosquitobirdandormosquitohumaninterac
tions

WhencomparingthemeannumberofCx
tarsalisfemalestrappedpernightandthesmall
birdseroconversionsSLEfromtheentirecounty
thereseemstobeacorrelationbetweenthepeaks
ofbirdseroconversionsandthepeaksofCxtarsalis
activityFigure7Thissituationisapparentuntil
weeks3536lateAugustearlySeptemberwhena
rapiddeclineofCxtarsalisnumbersoccurred
SmallbirdseroconversionsforSLEcontinuedon

throughtheremainderoftheyear
HostseekingCrquinquefasciatusonthe

otherhandmaintainedmeasurablenumbers
throughouttheyearFigure8andunlikeCx
tarsalisFigure7Cxquinquefasciatuspeaksand
profileroughlycorrelatewiththoseofthesmall
birdseroconversionrecordsthroughouttheyear
includingthelatefallandwintermonths

DiscussionandConclusions

Thedataaccruedin1988supportthe1987ob
servationsGruwelletal1988thatSLEvirusis
beingtransmittedduringallmonthsoftheyear
Seroconversioninformationfromhousefmches
housesparrowsandfreerangingpigeonsprovided
theearliestevidenceofSLEandWEEvirustrans
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missionintheLosAngelesBasin Information

fromthemonitoringofthesethreespecieswas
availablefourtosixweeksbeforetheresultswere

obtainedfromthesentinelchickensentinelpigeon
andhumancasedetectionsystems

Thenumbersofbothhostseekingandgravid
femaleCxquinquefasciatuswereconsistentlyand
significantlyhigherthanthoseofCxtarsalisCx
stigmatosomaandCsincidensinthesuburban
peridomesticenvirons PresentmethodsReiter
GravidFemaletrapsandalfalfaattractantofcol
lectinggravidmosquitoesarebiasedtowardtheac
quisitionofCquinquefasciatushoweverthecol
lectionstudiesbyoneofusETSunpubdataus
inganAFSSweeperMeyeretal1983indicates
similarincidenceandfrequencyofspeciesfoundin
thepresentstudy

StLouisencephalitisandwesternequineen
cephalitisvirustransmissiontothehumanpop
ulationfromavectormosquitospeciesinthe
peridomesticsuburbanenvironmentstillremainsto
bedemonstrated Oneormoreoftheseveral

mosquitospeciesfoundinthesehabitatsmaybe
importantasvectorsoftheencephalitiscausingar
bovirusesContinuationofstudiesofthebackyard
mosquitoecologyandvirustransmittingcapability
ofpotentialvectorsisstronglyencouraged
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ANALYSISOFARBOVIRUSISOLATIONCULEXTARSALISANDCULEX

QUINQUEFASCIATUSCOLLECTEDINTHEIMPERIALVALLEY19671987

MarieFrancoiseMeylanTelfordHWorkandMartineJozan

Alongtermecologicalstudyinvolvingcol
lectionofmosquitoesforisolationandidentifica
tionofviruseswasundertakenfrom1967to1987
inseveralaquatichabitatsoftheImperialValley
Figure1Work19751977Theobjectivewasto
searchforinterepidemicsourcesofarboviruses
causingStLouisencephalitisSLEandotheren
cephalitidesandtotestthehypothesisthatthe
virusesmightbemaintainedandactivethroughout
theyearinanaridirrigatedhabitatvirtuallyfreeof
freezing

Morethan20000poolsofmosquitoeswere
processedforarboviralisolationduringathree
phaseinvestigationbeginningatWister1967
1971withabriefinterludealongtheAlamoRiver
attheborderduringtheVEEepidemicinMexico
in1971and1972thenatFinneyLake19701978
andfinallyontheNewRiver19761978and1987

Table1presentsasummaryof654448Culex
tarsalisCoquillettandCulexquinquefasciatusSay
collectedduringtheinvestigation Atotalof

608922Cxtarsaliswasprocessedin14116pools
whichyielded774strainsofSLEvirustherewere
45432Cxquinquefasciatusprocessedin1843
poolswhichyielded19strainsofSLEvirusina
comparableperiodTable2summarizesthefind
ingsforthesetwospeciesatFinneyLakeandon
theNewRiver

Table1alsoshowsthat516isolatesofWEE

camefromthesamecollectionofCrtarsalisbut
forthepurposeofthispresentationtheyareex
cludedasbeingunimportantinthecausationof
humaninfectionintheareaJozan1977

Asthefieldstudyadvancedcollectionswere
intensifiedatFinneyLakebeginningin1970to
studythedynamicsofCrtarsalisactivitywhich
havebeenpublishedpreviouslyBerlinetal1976
Clarketal1976Worketal1977Thecumula
tivedataatFinneyLakecover51outof52weeks
Figure2ThepercentagesofSLEvirusinthe
secondlevelofFigure2showthatSLEactivitydid

lUCLACenterforHealthSciencesSchoolofPublicHealth
LosAngelesCalifornia90024
2UniversityofCaliforniaSchoolofPublicHealthLosAnge
lesCalifornia90024

3PartiallysupportedbyNIAIDGrant032
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notoccurfromweeks115and4652andindicate
thatinspiteofcontinuedactivityofCrtarsalis
throughoutthewintertherewasnoevidenceof
SLEtransmissionbyCrtarsalisinDecemberJan
uaryFebruaryandMarch

Recognitionofthisphenomenonin1975re
sultedinatransferofinvestigativeefforttothe
NewRivertransectwhichwasestablishedin1976
Collectionswerecarriedoutroutinelyat1milein
tervalsfromthebordertoapoint15milesdown
riverThepurposeofthisneweffortwastoeluci
dateanyevidencethattransmissionfollowedthe
NewRiverasaconduitintotheImperialValley
withsubsequentintroductionintotheAlamo
drainageofwhichFinneyLakeisthekeyfocus

BecauseWEEismoredamagingtoinfants
andsmallchildrenthanSLEresearchersinthe
westhavefocusedonCrtarsalisastheprincipal
vectorofarboviralencephalitisReevesandHam
mon1962AsaresultCxquinquefasciatushas
beensomewhatneglectedasapotentialvectorof
SLEtohumanpopulationTheaccumulationofCx
quinquefasciatusduringthisstudydidnotreflect
theactualactivityofthisspeciesbecauseCDClight
trapsdonotattractthespeciesreadilyMagyetal
1976SpecialcollectionsconductedontheAlamo
Riverattheborderin1972BownandWork1973
produced30079CxquinquefasciatusThespeci
menswereprocessedin652poolswhichyieldedsix
strainsofSLEvirus

WhentheNewRiverstudieswereinitiated

specialeffortwasdirectedtowardcollectingCx
quinquefasciatusinbaitedtrapswitharesulting
yieldof12strainsofSLEvirusfrom873poolsof
Cxquinquefasciatus

Thecomparableyeararoundresultsfrom
threeyearsresearchontheNewRiverareshown
inFigures3and4 Halflogarithmvalueswere
usedonthefirstlevelofFigure4becausethe
logarithmicscaletendedtobluntthecontrastbe
tweentheactualnumbersofpoolscollectedfor
bothspeciesThegraphsshowthatalthoughCx
tarsalisandCvquinquefasciatuswereactive
throughouttheyearSLEviruswasdetectableonly
fromweek21throughweek44andtherewasno
evidenceoftransmissioninDecemberJanuary

FebruaryandMarchnorthoftheborderThese



Table1ImperialValleyMosquitoData19671987CulextarsalisandCuterpipiensquinquefasciatusnumberofpoolsmosquitoesandvirusisolation

YEARLOCATION TOTALTOTALNB VIRUSNBPOOLSTOTALNB SIBIN WEE114NBPOOLSTOTALNB SLE114WEEIN

POOLSMOSQUITO ISOLTARSALISTARSALISTARSALISTARSALISQUINQUQUINQUQUINQUQUINQU

1967WRIER 153 8781 1 152 8780 0 1 1 1 0 0

1968WISTER 532 24185 45 531 74184 13 11 1 1 0 0

1969WISTER 104 3979 7 103 3977 1 1 1 2 0 0

1970W1S18R 252 10326 13 245 10308 4 3 7 18 0 0

1971WISTER 862 38789 8 785 35842 0 7 97 2947 0 0

1971WISERAIAMO 180 6411 8 163 6293 0 6 17 118 0 0

1971ALAMOBORDER 22 189 0 18 160 0 0 4 29 0 0

1972ALAMOBORDER 1335 60407 52 682 30328 26 10 653 30079 6 2

19749174NEYAIAMO 69 2607 0 63 2592 0 0 6 15 0 0

19FINNEYLAKE 467 21078 123 463 21074 85 5 4 4 0 0

19719INNEYLAKE 717 31234 66 694 31028 1 47 23 206 0 0

1972FIN9JEYLAKE 303 12759 1 297 12742 1 0 6 17 0 0

1973FINNEYLAKE 2655 120577 219 2605 120288 61 14 50 289 0 0

1974FINNEY4AIO 2487 116585 304 2419 114958 290 3 68 1627 0 0

1975FINNEYLAKE 1460 69857 299 1460 69857 26 270 0 0 0 0

1976FINNEYLAKE 539 18042 27 519 17895 25 2 20 147 0 0

1977FINNEY4AKE 344 15529 116 339 15498 95 20 5 31 1 0

19789INNEYLAKE 164 5713 39 157 5703 16 22 7 10 0 0

1976NEWRIVER 1487 38425 87 1050 32920 71 0 437 5505 10 0

1977NEWRIVER 1276 33032 117 952 29664 39 69 324 3368 2 3

1978NEWRIVER 414 10791 56 311 9850 13 25 103 847 0 0

1987NEWRIVER 117 5152 9 108 4981 7 0 9 171 0 0

TOTAL 15959 654448 1597 14116 608922 774 516 1843 45432 19 5

Table2FinneyLakeandNewRiver19701987CutertarsalisandCulexpipiensquinquefaseiatusnumberofpoolsmosquitoesandvirusisolation

YEARLOCATION TOTALTOTALNBVIRUSNBPOOLSTOTALNB SLEIN WEEINNBPOOLSTOTALNB SLEINWEEIN

POOLSMOSQUITO ISOLTARSALISTARSALISTARSALISTARSALS QUINQUQUINQUQUINQUQUINQU

T1NNEYL4KE

1970FINNEYLAKE 467 21078 123 463 21074 85 5 4 4 0 0

1971FINNEYLAKE 717 31234 66 694 31028 1 47 23 206 0 0

1972FINNEYLAKE 303 12759 1 297 12742 1 0 6 17 0 0

1973FINNEYLAKE 2655 120577 219 2605 120288 61 14 50 289 0 0

1974FINNEYLAKE 2487 116585 304 2419 114958 290 3 68 1627 0 0

1975FINNEYLAKE 1460 69857 299 1460 69857 26 270 0 0 0 0

1976RNNEYLAKE 539 10042 27 519 17895 25 2 20 147 0 0

1977FINNEYLAKE 344 15529 116 339 15498 95 20 5 31 1 0

1978FINNEYLAKE 164 5713 39 157 5703 16 22 7 10 0 0

Subtotal 9136 411374 1194 8953 409043 600 383 183 2331 1 0

NEWRIVER

1976NEWRIVER 1487 38425 87 1050 32920 71 0 437 5505 10 0

1977NEWRIVER 1276 33032 117 952 29664 39 69 324 3368 2 3

1978NEWRIVER 414 10791 56 311 9850 13 25 103 847 0 0

1987NEWRIVER 117 5152 9 108 4981 7 0 9 171 0 0

Subtotal

TOTAL

3294 87400 269 2421 77415 130 94 873 9891 12 3

12430 498774 1463 11374 486458 730 477 1056 12222 13 3
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findingssupporttheconclusionthatwintertrans
missionofSLEvirusdoesnotoccurintheImperial
Valley

Theconsistentreappearanceeveryspring
yearafteryearofthevirusinCxtarsalis
mosquitoeswhichareclearlythemostsensitive
detectorsofSLEtransmissionindicatesthatSLE
virusmustbereintroducedannuallyfromelse
wherepossiblyatropicalmaintenancefocusin
MexicoThepersistentabsenceofanyvirusisola
tionfromanotherwiseactiveCvtarsalispopula
tionduringthewintermonthsformanyyearsalso
militatesagainsttheconceptoftransovarialtrans
missioninthissituation

Thedifferentpatternsofthenumerousiso
latesofWEEvirusrecoveredfromthesecollec

tionsreflectpreviousevidencethatWEEactivityis
supportedbyadifferentcycleJozan1977

OtherpoolssuchasthoseofCulexerythrotho
raxDyarwereexcludedfromthisanalysisbecause
ofthenegligibleresultsobtainedfromprocessing
poolsatrandominsimilarfashionBerlinetal
1976Ryanetal1987
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ARBOVIRUSACTIVITYINPASSERIFORMBIRDS

INORANGECOUNTYCALIFORNIA1988

JAGruwellBLBrownETSchreiberandJPWebbJr

Introduction

AstudytodeterminetheprevalenceofSt
LouisencephlalitisSLEandwesternequine
encephalomyelitis WEE arbovirusesin the

peridomesticandruralwildbirdpopulationsof
OrangeCountywasinitiatedin1987Following
thesuggestionofaCDCfieldresearchteam
McLean1988andourownexperiencein1987
Gruwelletal1988theauthorsconcludedthat
thestudyshouldconcentrateonthehousefmch
Carpodacusmexicanus the house sparrow

PasserdomesticusandtherockdoveColumba
livia Theyarenotonlythemostnumerous
speciesinthecountybutalsoduetotheirbehavior
tendtobemorecloselyassociatedwiththehuman
populationfacilitatingabirdmosquitohuman
transmissionofanarbovirus Thesethreebird

specieshavealsobeenstronglyimplicatedasbeing
excellenthostreservoirsbothinthewildandinthe

laboratoryHardy1988McLean1988

MaterialsandMethods

Passerinebirdswerecollectedinmodified

crowtrapsandcolumbinesrockdoveswere
obtainedbyshooting Detaileddescriptionsof
collectingandbleedingtechniquesareprovidedby
Gruwelletal1988

Thebloodserasampleswereanalyzedwith
HAItestsconductedbyPaulStanfordatthe
OrangeCountyHealthDepartmentOCPHD
Theelapsedtimefromsubmissionofsamplesto
completedtestingandresultsaveragedaboutsix

1DepartmentofEntomologyUniversityofCaliforniaRiver
sideCalifornia92521

OrangeCountyVectorControlDistrict
13001GardenGroveBoulevard

GardenGroveCalifornia92643

ABSTRACT

InthesecondyearofastudytodeterminetheprevalenceofStLouisencephalitisand
westernequineencephalomyelitisarbovirusesintheperidomesticandruralwildbirdpopulationsof
OrangeCounty20311specimenswerecapturedand8501weresampledforevidenceofvirus
antibodySeventyeight92 testedpositiveforvirusIncludingthedatafrom1987virusactivity
occursatalowlevelyearroundinOrangeCounty
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daysresultswerereceivedwithin48hourswhen
necessary

Locationsofthetwelvecrowtrapsplaced
aroundthecountyincludedfiveresidencesfour
parkmaintenanceyardsonefirestationoneduck
clubandoneexCoastGuardStationnearthe
FormerWesternWhiteHouseFigure1Table
1RockdoveswerecollectedbyshotgunatBonita
CanyonCoyoteCanyonCountyLandfillinIrvine
LocationXIIIFigure1

Results

Themostfrequentlycapturedbirdwasthe
housefinchCmexicanusat4923percentoftotal
samples6419percentoftotalrecaptures5879
percentoftotalresamplesand5796percentofall
livecapturesThehousesparrowPdomesticus
wasthesecondmostfrequentat2467percentof
totalsamples2734percentoftotalrecaptures
2856percentoftotalresamplesand2624percent
ofalllivecaptures Rockdovesaccountedfor

1703 percent white crowned sparrows

Zonotrichialeucophrys412percentandother
species495percentofthetotalsamplesTables2
5

Positivebirdswerefoundthroughoutthe
countyFigure1Table6withamajority58
7336 collectedfromtheCityofIrvinesouthto
theSanDiegoCountylineFortysevenpositives
6025 werefromBonitaCanyonCoyote
CanyonCountyLandfillLocationXIIIFigure1
andallwererockdoves

Positivebirdswerecollectedeverymonthof
theyearFigure2Table6indicatingthatthevirus
waspresentatlowlevelsyearroundPeakactivity



in1988wasinApril333 comparedtopeak
levelinDecember1987327 Rockdovesrep
resented47ofthetotalpositives6026 Figure
3withhousefinchesaccountingfor21positives
27 Figure4 SeeTable7foracomplete
summary

Discussion

AverylowlevelofHAIpositivebirdshas
beendetectedeverymonthforthelast18months
Thenumberofpositiveversustotalsamplesinone
monthhasnotexceeded4percentandaveraged
lessthan1percentoverallBecausetherewereno
positivemosquitopoolscollectedduringthistime
spanandveryfewsentinelchickenandpigeonse
roconversionsitseemsthattheSLEviruscycledin
theavianfaunaatverylowlevelsMoreresearchis
neededintoallthefacetsofthesearboviruscycles
intheLosAngelesBasin

Acknowledgments
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Table1SLEWEEPositivesbySiteOrangeCounty1988

No Address

supportandassistance

ByersResidenceEastOakLaneSantiagoOaks

FireStation19ElToroRoadandJeronimoElToro

ColeResidence31501AveLosCerritosSanJuanCapistrano

ChalletResidence5262RoyaleAveIrvine

MasonParkMaintenanceYardIrvine

20RanchDuckClubIrvine

PettResidence608JanaCircleHuntingtonBeach

CentralParkMaintenanceYardHuntingtonBeach

ModjeskaParkMaintenanceYardAnaheim

CarbonCanyonRegionParkMaintenanceYardBrea

FineResidence337LasRiendasFullerton

SanMateoPointSanClemente

BonitaCanyonSanitaryLandfillIrvine
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Table6SitesofSLEPositiveBirdsOrangeCounty1988

Catalog
No Species

JAG8843 HouseFinch d Ad X Jan8 140

70 HouseFinch 9 Ad X Jan12 120

JAG88259 HouseFinch

January240Samples2positives083

Date

SexAge Locality Collected Titer

ci Ad VI Feb12 180

February131Samples1positive076

JAG88433 ScrubJay Ad XI Mar11 140

525 RockDove Ad XIII Mar23 120

558 HouseFinch d Ad VII Mar25 120

March233Samples3positives129

JAG88654 RockDove Ad

655 RockDove Ad

659 RockDove Ad

660 RockDove Ad

661 RockDove Ad

662 RockDove Ad

663 RockDove Ad

664 RockDove Juv

665 RockDove Ad

666 RockDove Juv

667 RockDove Ad

668 RockDove Ad

779 HouseFinch 9 Ad

Apr6 140

Apr6 140

Apr6 140

Apr6 140

Apr6 140

Apr6 120

Apr6 140

Apr6 140

Apr6 140

Apr6 140

Apr6 140

Apr6 140

Apr15 140

April390Samples13positives333

JAG881085 RockDove Juv XIII May4 180

1089 RockDove Juv XIII May4 180

1093 RockDove Juv XIII May4 140

1098 RockDove Ad XIII May4 140

1127 HouseSparrow Fleg II May5 180

1242 RockDove Ad XIII May11 180

1277 HouseFinch 9 Ad IV May12 140

1367 RockDove Ad XIII May18 120

May868Samples9positives092

JAG882199 RockDove Ad XIII June8 140

3198 RockDove Ad XIII June29 140

June1454Samples2positives014

JAG883520 RockDove Ad XIII July6 140

3741 RockDove Ad XIII July13 120

3743 RockDove Juv XIII July13 140

3744 RockDove Juv XIII July13 120

120
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Table6SitesofSLEPositiveBirdsOrangeCounty1988 Continued

Catalog Date

No Species SexAge Locality Collected Titer

4126 RockDove Ad XIII July20 140
4247 HouseFinch Imm V July21 120
4353 HouseSparrow Imm VIII July22 120

4615 RockDove Ad XIII July27 120
4618 RockDove Ad XIII July27 120
4625 RockDove Ad XIII July27 120
4633 RockDove Ad XIII July27 120
4753 HouseFinch Imm XI July29 120

July 1467Samples12positives082

JAG885186 RockDove Ad XIII Aug10 120
5391 HouseSparrow Imm IX Aug16 1160

1160

5625 HouseFinch Imm III Aug22 120
5787 HouseFinch Imm VII Aug23 1320

5805 HouseSparrow d Imm VII Aug23 120
5812 HouseSparrow Imm VIII Aug23 120
5987 HouseFinch Imm XI Aug26 180

August1331Samples7positives053

JAG886143 HouseFinch d Imm XII Sept5 120
6176 RockDove Juv XIII Sept7 120
6275 HouseFinch Imm XI Sept13 140
6341 RockDove Juv XIII Sept14 120

6358 RockDove Juv XIII Sept14 140

6370 HouseFinch d Imm I Sept15 140

6384 HouseFinch Imm XI Sept16 140
6543 RockDove Ad XIII Sept21 140

140
6628 HouseSparrow Imm XI Sept23 120
6742 RockDove Ad XIII Sept28 140
6744 RockDove Ad XIII Sept28 120

6824 HouseFinch Ad Vi Sept29 180
6874 HouseSparrow Imm IX Sept30 120

September762Samples13positives171

JAG887021 RockDove Juv XIII Oct5 120
7025 RockDove Juv XIII Oct5 120
7041 HouseFinch Ad VI Oct6 120

7223 RockDove Ad XIII Oct12 180
7237 RockDove Juv XIII Oct12 180
7495 HouseFinch Ad VI Oct20 120

7586 RockDove Ad XIII Oct26 140

October792Samples7positives088

JAG887830 RockDove Juv XIII Nov9 120
7890 RockDove Juv XIII Nov16 120

7892 RockDove Ad XIII Nov16 180

8046 HouseSparrow 9 Ad XI Nov25 120

8058 HouseFinch 9 Ad VIII Nov25 120
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Table6SitesofSLEPositiveBirdsOrangeCounty1988 Continued

Catalog
No Species

November398Samples5positives126

Date

SexAge Locality Collected Titer

JAG888123 HouseFinch 9 Ad VI Dec5 140

8269 HouseFinch d Ad VIII Dec20 120

December435Samples2positives046

TOTALfor1988 8501Samples78positives19WEE59SLE092

WeePositive

RecapturedResampled

Table7SLEWEEPositivesbyspeciesOrangeCounty1988

SLE WEE Total

RockDove 31 16 47

1448samples47positives325ofallRockDovessamples

HouseFinch 20 1 21

4185samples21positives05ofallHouseFinchsamples

HouseSparrow 7 2 9

2097samples9positives043ofallHouseSparrowsamples

ScrubJay 1 0 1

9samples1positive11ofallScrubJaysamples
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EPIZOOTIOLOGYOFCANINECARDIOVASCULARDIROFILARIASISIN

Introduction

Cardiovasculardirofilariasiscausedbythefi
larialnematodeDirofilariaimmitisLeidywas
described150yearsagoindogsbyDrJoseph
LeidywhowasworkingwithparasitesInitially
thediseasewasapparentlylimitedtothewarmer
coastalareasinthetropicsofCentralandSouth
AmericaandAfricaExistenceofthediseasehas

beenfoundoneverycontinentsinceitsdiscovery
TheUnitedKingdomistheonlymajorlandmass
currentlyknownthathasescapeditspresence
Murdock1984suggeststhattheprimaryreason
fortheworldwidespreadofdogheartwormisthe
unrestrictedmovementofinfecteddogsfromen
zooticareasTheUKhaslongpracticedarestric
tiononimmigrationofdogsfromothercountries
AnotherpopularsuggestionGrieveetal1983is
thattheincreaseinvectorresistancetoinsecticides
inenzooticareashasallowedanincreaseinvector

numbersHoweverthespreadofthediseasehas
beengoingonlongerthantheuseofchemicalin
secticidesAmorelikelyanswerwassuggestedby
Otto1975whosaidthatageneticchangeinan
offshootparasitepopulationwiththeabilitytode
velopatthelowertemperaturescommonintem
perateregionswastherootoftheexpansioninto
thenewregionsThismayalsohaveledtoanin
creaseinthenumberofpotentialvectorspecies

NorthAmericawasfirstinvadedbyDimmitis
fromthesouththroughthegulfcoastregionThe
nematodethenmigratednorthalongtheAtlantic
seaboardslowlyexpandingitsrangewestwardinto
thecentralUSandCanada Mostrecentlythe
parasitehasshownupintheextremewestCalifor
niaandHawaiiThediseaseestablisheditselfin

thecoastalvalleyandfoothillregionsofnorthern
Californiawithinthelast20years

NorthernCaliforniahasbecomeenzooticfor

thediseaseinrecentyearsFilariasiswasfirstdis
coveredinnativeCaliforniadogsin1946Roberts
1946buttherewereveryfewcasesdocumented
until1970Duringthetimesincethefirstcases
were diagnosed the disease spread rapidly

SIXNORTHERNCALIFORNIACOUNTIES

StanAWrightandKenWBoyce

SacramentoCountyYoloCountyMosquitoAbatementDistrict
1650SilicaAvenueSacramentoCalifornia95815
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throughoutnorthernandsouthernCalifornia It

waslearnedinthelate1970sthatthenativecoyote
populationinnorthernCaliforniawasharboring
theparasiteWeinmannandGarcia1980andwas
probablyactingasareservoirofinfectionfordo
mesticdogsIn1982WaltersandLavoipierreiso
latedadvancedstagesoffilariallarvaefromvector
mosquitoes captured inNorthern California
therebyestablishingthatthediseasehadbecome
enzootic

Soonaftertheconfirmationthatanepizootic
wasinprogressnorthernCaliforniacoastalregion
veterinaryhospitalsbeganworkingtogethertoes
tablishinfectionratesandgeographicaldistribution
asdeterminedfromthenumberofdogspositive
outofalldogstestedbytheveterinaryhospitals
AcevedoandTheis1980Theareaofinfection
coveredAlamedaContraCostaNapaSolano
SonomaStanislausMercedSanMateoand
MarinCountiesTheeasternvalleyandfoothill
countieswerenotincludedinthestudyFouryears
latertheSacramentoYoloMosquitoAbatement
DistrictincooperationwiththeSacramentoVet
erinaryandMedicalAssociationstartedasimilar
surveyintheeasternareaoftheSacramentoValley
andadjacentfoothills Thesurveycoveredtwo
valleycountiesSacramentoandYoloandfour
foothillcountiesPlacerElDoradoAmadorand
CalaverasThedatapresentedheresummarizethe
resultsofafiveyearcollection

Methods

Thesurveyareacoversadiversearrayof
contrastinggeographicalandvegetationalhabitats
Twomajorbiotopesarerepresentedtheoak
grasslandbiotopeinthevalleyandtheoakpine
woodlandbiotopeofthefoothillsandhighereleva
tionsintheSierraNevadaThemountaincommu

nitiesaregenerallyconsideredasinglebiotope
ThevalleycountiesSacramentoandYolorepre
senttheopengrasslandandriverdeltariparian
woodlandsaroundtheSacramentoandAmerican

Riverswithelevationsrangingfrom10to300feet



ThedominantfloraarethevalleyoakQuercuslo
bataandtheblueoakQdouglasiiTheareais
primarilyutilizedforagriculturalactivitiesandur
bandevelopmentThecountiesofPlacerElDo
radoAmadorandCalaverasrepresentthefoothill
woodlandsandmountainforestsinthenorthcen

tralportionoftheSierraNevadarangewiththe
elevationsbetween200and4000feetThedomi

nantfloraconsistofdiggerpinePinussabiniana
ponderosapinePponderosaincensecedar
CalocedrusdecurrensdouglasfirPseudotsuga
menziesiiandtheblackoakQuercuskellogii
TheprimarymosquitovectorinnorthernCalifor
niaAedes sierrensis Ludlow is abundant

throughoutbothbiotopes
Atotalof125regionalveterinaryhospitals

wascontactedbyletterandphoneatthebeginning
ofeachyearandaskedtoparticipateinthesurvey
Lettersurgingcooperationinthesurveyfollowed
fromthepresidentoftheirveterinaryassociation
Eachhospitalandclinicwasgivenasetof12
monthlysurveyformsfortheupcomingyearThe
completedsurveyformwassenttotheSacra
mentoYoloMADlaboratorywherethedatawere
enteredintoacomputeranalyzedandcompiledby
countyatthecloseofeachmonthTheveterinary
hospitalsprovidedinformationonbreedsexage
sleepingpatternsresidenceandtravelhistoryof
DirofilariainfecteddogsOtherinformationwas
providedonthenumberofdogstestedandper
centageofdogsonpreventivemedicationandthe
specificdiagnostictestusedwasincludedforeach
dogHostcharacteristicsincidencerateandgeo
graphicaldistributionofcanineheartwormin
fectionswerethencalculatedfortheregion

ResultsandDiscussion

IncidenceRateAtotalof45443dogswas
examinedforDimmitis28923636 fromthe

valleycountiesand16520363 inthefoothill

countiesThecombinedinfectionratein1984was

510percentwhichwasthehighestduringthesur
veyTheinfectionratedeclinedto344percentin
1985andthenleveledoffat199189and164
percentforthelastthreeyearsrespectivelyFigure
1Thedeclineoftheincidenceratewaspossibly
duetotwofactorsfirstin1984onlydogsthat
demonstratedsomesignsofillnessweretestedfor
heartworm Mostveterinaryhospitalswererou
tinelytestingalldogsundertheircareby1988
regardlessofconditionThisinitialselectivityin

38

testingdogsbiasedthesampleinthedirectionof
increasedincidencerateSecondonly4430dogs
weresampledduring1984Thesamplesizein
creasedeachconsecutiveyearofthesurveyand
12565dogsweretestedin1988Statisticallythe
smallersamplecouldcontainmorebuiltinbias
thanthelargersamplesandthereforethelater
samplesprobablyportrayedthemorerealisticinci
dencelevel

Lookingatthevariouscountiesindividually
severaldifferentpatternscanbeobservedwhich
likelyareareflectionofthenumberofveterinary
hospitalsthatparticipatedinthesurveyineach
county SacramentoCountywiththegreatest
number ofparticipatingveterinaryhospitals
showedapatternsimilartothatoftheoveralltrend
Figure3Theinfectionratein1984was291per
centof1819dogstestedIn1985itfellto222
percentwith3947dogstestedTheinfectionrate
declinedduringthenextthreeyearsasthenumbers
ofdogstestedincreasedtomorethan7000per
year Yolocountyhavingoneofthesmallest
numbersofparticipatingveterinaryhospitalshad
anincidenceratewhichfluctuatedsubstantially
fromyeartoyearFigure2Ithadanincidence
rateof259percentin1984whiletheratefellto
061percentin1985Inthenextthreeyearsitrose
tohalfthetotalofthefirstyearthendeclined
duringeachfollowingyear

Thefoothillcommunitieshadanoverall

higherincidenceratethanthevalleycommunities
Thissuggestedalongerassociationwiththepara
siteandprobablyalargerpopulationofvectors
PlacerCountysincidenceratefluctuatedfromyear
toyearFigure3Initiallytheincidenceratewas
299percentthenin1985itincreasedto392per
centThelowestratewasrecordedat145percent
during1986In1987and1988therateincreased
to207percentand286percentrespectivelyEl
Doradocountyshowedasteadydeclinethroughout
thesurveyperiodFigure3Ithadthehighest
infectionrate1311 encounteredtodatewithin

thesurveyareain1984Theincidenceratesfellto
853in1985810in1986461in1987and496in
1988AmadorCountysincidenceratesfluctuated
throughoutthesurveyperiodFigure4Aninci
dencerateof1091percentwasrecordedin1984
Thefollowingyeartheratehaddroppedbymore
thanhalfto56percentTheratehititslowestlevel
at44percentin1986Theratewentbackupto64
percentin1987Nodatawerereceivedduringthe



1988period TheincidencerateinCalaveras

Countydeclinedeachyearthroughoutthesurvey
exceptin1988Wefoundanincidencerateof125
percentforthefirstyearofthesurveyInthefol
lowingyearstheinfectionratewas66percent33
percent19percentand26percentrespectively
Figure5

Theoverallreductioninincidencerateover

thelastfiveyearsmaybetheresultofseveralfac
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filariaimmitisindogssampledfromallsixcounties

N

m

b7500
e

D

9

T

S1200

d

10000

5000

2500

2400

1800

600

CanineHeartwormInfectionRate

SixCountyAverage

111
1984 1985 1986 1987 1988

NoofDogsIncidenceofCanineHeartworm

SacramentoCounty

Positive

0
1984 1985 1986 1987 1988

0

0

D
0

19

0
40

3j

2

1e

Figure2Incidencerateandnumberofdogssam
pledinSacramentoandYoloCounties

39

torsAnintensiveeducationalcampaignwascon
ductedbyveterinaryhospitalsregardingcanine
heartwormanditspreventionduringthesametime
periodinwhichthesurveywastakenThenumber
ofdogstestedandputonpreventivemedicationin
creasedsubstantiallyeachyearTheeffectofthis
precipitousincreaseintestingandprevention
causedareductionintheobservedincidencerate
astheincidencerateiscalculatedfromthosedogs
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testedratherthanarandomsampleInselected
phoneconversationsmostveterinarydoctorsinter
viewedfeltthatthisapparentreductionwasonlyan
artifactofthesamplingtechniqueandmightnot
reflecttherealincidenceratesThisseemstobe

substantiatedbythedistributiondata
GeographicDistributionDespitetheobvious

reductioninincidenceratethegeographicdistri
butionofthediseasehasincreasedwithinthesur

veyareaduringthefiveyearperiodThemajority
ofcasesweredistributedamongthelargertowns
andcitieslocatedalongthemajorroadwaysand
freewaysintheinitialyearsTheheaviestpopu
latedandfastestgrowingcommunitieswerethe
focioftheepizooticinvalleyandmountaincoun
tiesalikeFigure5Thefoothillcountieshada
widerdistributionofcasesthandidthevalley
counties Casesbecamemoreevenlydistributed
throughoutthecountiesin1988Thesameclusters
ofcasesexistedbutmorecaseswereoccurringin
smallertownsandoutlyingcommunitiesFigure6
SacramentoCountydemonstratedthistrendmost
obviously In198497percentofallcasesfell
withinanareabetweenInterstate80inthenorth
thecityofSacramentointhewestHighway50in
thesouthandthecityofOrangevaleintheeastern
portionofthecountyConcentrationswerefound

Figure5Approximategeographicdistributionof
canineheartwormcasesin1984withinthesix

countysurveyregion
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inSacramentoCarmichaelandOrangevalethe
largestcitieswithintheareaThesituationhad
changedsignificantlyin1988Caseshaddispersed
northandsouthfromthelargercitiesandmoved
intothesmallruralcommunities Clusterswere

foundinElkGroveandWiltonfifteenmilessouth
ofSacramentoandindividualcaseswerefoundin
CourtlandandWalnutGrovetwentyandtwenty
fivemilessouthwestofSacramento

Theseobservationsfitwellwiththesuspected
channelforthespreadofthediseasePeopleliving
inenzooticdiseaseareaswhomoveintodisease

freeareaswillmostcommonlychoosethenewer
fastergrowingcommunities Suchcommunities

hadthefirstreportedcasesOncethediseaseis
establishedthereitcanspreadtothesmallerout
lyingcommunities

RiskFactorsFourdifferentriskfactorswere

monitoredduringthesurvey caninebreedage
sexandsleepingpattern Theonlyfactorthat
showedanydiscernibleriskforcontactingthepara
sitewassleepinghabitsSleepinghabitsofdogs
werelistedaseithersleepinginsidesleepingout
sideorsleepinginbothlocationsThosedogsthat
sleptoutsideandwereexposedtothevectorduring
optimumfeedingtimeswereinfectedover50per
centmorefrequentlythandogswiththeother
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Figure7Percentageofsleepingbehaviorpatterns
ofdogsinfectedwithDirofilariaimmitisduringthe
surveyperiod

sleepingpatternsDogsthatsleptinbothlocations
hadaninfectionrateofapproximately20percent
whichwasbetweenthosethatslepteitherinsideor
outside Surprisingdogsthatsleptinsidecom
prised18percentofallinfecteddogsFigure7

Eachyearmaledogswerefoundtobemore
frequentlyinfectedthanwerefemaledogsOver
thethefiveyearsurvey16percentmoremaledogs
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thanfemaledogswereinfectedwithheartworm
andtheannualdatacloselyreflectedthisfiveyear
trend Regionalbehavioralpatternsofdogs
showedthatmoremaledogsareoutinthe
eveningsandwanderfartherthanfemalesYolo
CountyAnimalControlpersonalcommunication
Thisbehaviormayhaveenhancedtheopportunity
formaledogstobecomeinfectedwiththeheart
wormifitincreasedexposuretothelocalvectors
Aedessierrensisisconsideredthemajorvector
withinthesurveyareahoweverothermosquitoes
havealsobeenimplicatedWaltersandLavoipierre
1982

Theaverageageofinfecteddogssampled
duringthesurveyis609yearsTheagerangeof
infecteddogsstartedatsixmonthsandcontinued
through16years Theannualaverageagere
mainednearlyconstantataboutsixyearsthrough
outthesurvey

Germanshepherdcrosseswerethemostcom
monlyinfectedbreedmakingup184percentofall
infecteddogsTheAustralianshepherdfollowed
closelyat131percent Thesetwobreedsplus
eightothercommonbreeds blacklabrador
goldenretrieverdobermanpinscherbordercollie
springerspanielpoodleIrishsetterandshelty
registered744percentofallinfecteddogsThe



remaining256percentwasdistributedamong26
otherbreedsThisinfectionfrequencycorresponds
almostexactlywithalistofthemostpopulardogs
inthestudyareaYoloCountyanimalcontrolper
sonalcommunicationandsuggeststhatthereis
littleornocorrelationbetweenbreedofdogand
theriskofcontactingheartwormwithinthestudy
area

VeterinaryParticipationAnaverageof386
percentveterinaryhospitalsparticipatedonanan
nualbasisthroughoutthefiveyearsurvey This

representsonly31percentoftheactiveveterinary
hospitalswithinthesurveyareaSucharesponse
wascomparabletothatattainedbyotherveterinary
hospitalsurveysSchlotthaueretal1979Noyes
1980wherearangeof21percentto36percent
participationwasachieved

Therewasgreaterveterinaryinterestinthe
valleycountiesthaninthefoothillcommunities
TwofoothillcountiesAmadorandCalaveraswere
representedbyonlyafewhospitalsandinsome
yearsbyonlyoneThemostaccuraterepresenta
tionandthemostresponsivehospitalswerein
SacramentoPlacerandElDoradocounties

Indiagnosingdogheartworm82percentof
theparticipatingveterinaryhospitalsandclinics
usedthedifilfiltertestItwasalsothemostcom

monlyusedtestinassociationwithotherdiagnostic
techniquessuchastheantibodysmearradiogra
phyortheKnottstaintechniqueTheKnottstain
wasusedexclusivelyasadiagnostictest8percent
ofthetimeExclusiveuseoftheKnottstainwas

reportedinonlyafewofthehospitalslocatedin
thesmallerfoothillcommunities

Conclusion

Despitetheincreaseduseofpreventivesex
pandingpublicawarenesseducationandongoing
vectorsurveillanceandcontrolthegeographicdis
tributionofdogheartwormcontinuestospread
withinoursampleareaofnorthernCalifornia
Thesecontroleffortsappeartohaveslowedthe
distributionasevidencedbythereductionininci
denceratebuthavenotstoppeditSuchresults
areencouragingbutincreasedeffortisneeded

Maledogsseemtobeatagreaterriskofin
fectionwhichmaybecorrelatedwiththeirnoctur
nalroamingbehaviorDogsroughlysixyearsof
agearemorefrequentlydiagnosedpositivethan
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anyotheragecohort Thereseemedtobeno

significantcorrelationbetweenheartworminfection
anddogbreed

Itisimportanttokeepinmindthatdatacol
lectedinasurveysuchasthisareinherentlyincom
pleteduetoitsbuiltinselectivitywhichmakesit
inappropriatetospeculatemuchbeyondtheobvi
ousManycaninepetswithinthesurveyareaare
notunderthecareofaveterinarianandtherefore
werenotpartofthesampleStillothersweretran
sientandnotaccountedforyetthosearepossibly
themostfrequentlyinfectedFinallywildcanines
suchasthecoyoteandfoxarelikelytobethe
reservoirforthediseaseandthoseanimalsmay
moreaccuratelyrepresenttheincidenceanddistri
butionofafilarialepizootic
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Preamble

Iamamanagerofamosquitoabatementdis
trictWemanagersworkrealhardWearealways
upgradingourprogramsItdoesntdoanygood
Thedistrictsdonotgiveussabbaticalleavetopre
ventburnoutInsteadofasabbaticalIpresenta
papereverydecadeorsotostepbackfromthe
treestolookattheforestThisissuchapaper

Introduction

Iwouldliketodiscussvectorcontrolfromthe

pointofviewofevolutionarytheory Thepaper
willprovidenonewinformationItwillhowever
focusonareasnotusuallystressedHopefullyit
willofferafreshperspectiveandmaybeevensome
insightAsanasideIneedtowarnyouthatcon
trarytotheteachingsofmyEnglishteachersIbe
lievemixingmetaphorescanbeexpressive

Thepaperisnotascientificpaperbutitis
somewhatlogicallydrivenTheprocesshasledto
somesuprisingconclusionsThepremiseofthe
papersuggeststhatavectorcontrolprogramwhen
suppressingavectorpopulationoperatesina
mannersimilartocoevolutionIfthisistruethen
weshouldexpecttolearnsomethingbylookingat
whatisknownaboutcoevolution

CoevolutionandtheRedQueen
Coevolutioniswhentwoormorespeciesin

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

AliceinThroughtheLookingGlassisholding
handswiththeRedQueenandrunningfasterand
fasteryetstayinginthesameplace

Iwouldliketoextractthesalientfeaturesof

coevolutionandusethemtotesttheanalogywith
vectorcontrolThefirsttestwouldbetoseeiftwo

VECTORCONTROLASCOEVOLUTION

FredCRoberts

AlamedaCountyMosquitoAbatementDistrict
23187ConnecticutStreet

HaywardCalifornia94545
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ormoreorganismsareinteracting Thesecond

woulddetermineifeachsidecausesselectivepres
sureupontheotherresultinginreciprocaladapta
tionsThethirdwouldaskifthereisanincreasein

complexityonbothsidesThefinaltestwouldde
terminewhethereithersidegainsalongtermada
vantageorinotherwordswhethertheRed
Queeneffectisoperating

TheElegantProof
Inthefirsttestweaskwhetherthereisan

interactionoftwospeciesinvectorcontrolOnthe
onesidewehaveavectorpopulationobviouslya
speciesOntheotherwehavethevectorcontrol
organizationOneisanorganismOneisanorga
nizationOrganismorganizationcloseenoughfor
meThefirsttestpasses

ThesecondtestisnotsoeasyItaskswhether
bothsidesapplyselectivepressuretotheotherre
sultinginadaptationsLookingatthephenomenon
ofinsecticideresistancegivesaclearpicturehere
Thevectorcontrolorganizationappliesinsecticide
AThevectorpopulationdevelopsresistancetoin
secticideAcreatingacontrolfailureThevector
controlorganizationadaptsbyapplyinginsecticide
B

Thebestreasontouseresistanceasanexam

pleofcourseisthatthereisampleevidenceto
suggestthiskindofprocessofreciprocaladapta
tionisnotuncommonBrownandPal1971It
mayalsobethecasethatourvectorcontrolpro
gramsarepressuringthevectorpopulationand
creatingotherless evident adaptations A

mosquitopopulationunderlarvicidingpressures
mayadaptbyseekingmorecrypticlarvalhabitats
developingpesticideavoidancebehaviorincreasing
autogenyratesorshiftingtoalternatehostsfora
bloodmeal

Therearesomediscrepanciesintheanalogy
withtesttwo Thetimeframeinwhichvector

controloccursismeasuredindecadesEvolution

occursinageologictimeframeHowthencouldit
bepossiblethattrueevolutioncouldbegoingonin
suchashortperiodoftimeTheanswerliesinthe
factthatmostvectorsarerpestsConway1981
Theyproducegreatnumbersofindividualspre
adaptedformsthatarewidelydistributedintothe
environment Theenvironmentthenselectsthe



fittestFromthisperspectivethevectorpopulation
couldbeviewedasamachinegeneratinghypothe
sestobetestedThenaturalenvironmentoperates
astheselectionsystemonlythosehypothesesthat
passthetestsurvive

Itiswellknownthatrandommutationsof

genessupplythebasisforchangeinaspecies
Mutationscreatethenewideasforsurvivalifwe

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

Anotherdiscrepancyisevidentintheanology
whenwerealizethatadifferentkindofselection

andchangeisoccurringonthevectorcontrolside
Ourvectorcontrolprogramsacquirecharacteristics
throughourrationalprocessesandtheyarepassed
tothefutureasupdatedvectorcontrolprograms
ThisisaLamarkianlikeevolutionaryprocessthat
canresultinalmostinstantaneouschangeswhile
thevectorpopulationsmostelementalchanges
mutationsrequireageologictimeframeKorzy
binskiPostman1988recognizedthisasanenor
mousadvantagethatmanhasoverplantsandani
malswhenhedescribedmanasatimebinderIn

spiteofdiscrepanciesoftimeandmethodofevolu
tionhowevertheprevailingrelationshipbetween
thecontrolorganizationandthetargetorganism
asdemonstratedbytheexampleofinsecticidere
sistanceisthatoftwosidesinteractingreciprocally
Testtwopasses

Testthreeaskswhetherbothsidesincreasein

complexityAgainwecanusetheexampleofin
secticideresistanceInsecticideresistanceoccurs

whenindividualsinthevectorpopulationarese
lectedthatpossessaphysiologicmechanismto
detoxifypesticidesThephysiologicalcomplexityof
theseindividualsisgreaterthanthatofthoseindi
vidualswhocannotdetoxifytheinsecticideThein
creasedcomplexityisexpressedatthepopulation
levelastheselectionprocesscreatesahigherfre
quencyofresistantgenesinthepopulationOnthe
vectorcontrolsidewehavebeenforcedtointro
duceanotherpesticide Anobviousincreasein

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

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

sooftentodescribeourprogramsThetermof
courseistheinfamousRedQueenindisguise

CaseclosedTestfourhaspassed

DarknessDescendsonVectorControl

Ifweacceptthelogicoftheprecedingargu
mentthenmustwenotalsoacceptthefollowing

Unlessweknowtheadaptivecapacityofa
vectorpopulationandwhetherourcontrolefforts
exceedthatcapacitywearedoomedtoeverin
creasingdemandstoupgradeourprogramwhile
gainingnosignificantlongtermcontrolbenefits
fromthechangesWearedoomedtorunningin
placewiththeRedQueen

Ohwhatdarknesshasdescendeduponvector
control

SciencetotheRescue

ThereishopeofcourseAreviewofthesci
entificliteratureshowsthatscientistsinourfield
aswellasotherfieldsareworkingontheproblem
CharlesTaylor1986isapproachingtheproblem
fromourpointofviewHehasinvestigatedbyway
ofcomputersimulationswhetherusingseveralin
secticidesatoncecreatesasurvivalhurdletoohigh



forapopulationtodevelopresistanceHehascho
senthetermsurvivalhurdletodescribeaquantity
ofcontroleffortinrelationtotheabilityofthe
vectorpopulationtosurvive

Geneticistsarealsolookingattheproblem
Theabilityofapopulationtosurviveisafunction
ofitsgeneticcompositionEvolutionarychangeis
atthebasiclevelachangeingenefrequencydis
tribution Geneticistsaredevelopingtechniques
thatwillenablethemtodeterminetheamountof

geneticvariationpresentinpopulationsofvectors
CockburnandSeawright1988Thesescientists
appeartobemovingtowardatimewhenwewillbe
abletodetermineanadaptivecapacityofthe
populationTheverypracticalandtimelyworkof
DrGeorghiouandotherresearchers1989atthe
UniversityofCaliforniaatRiversidedealsspecifi
callywithprovidinguswiththetoolstodetermine
genefrequenciesforinsecticideresistanceinvector
populations

Evolutionistsarecurrentlylookingatthe
sameproblemfromtheirperspectiveAterm
ecologicalloadhasbeendevelopedandmathe
maticallydefinedStenseth1985Thetermisre
latedtotheconceptofsurvivalhurdleThemag
nitudeoftheecologicalloadonaspeciesdeter
minesitsprobabilityofsurvivalorextinction

Wildlifebiologistscomingfromtheopposite
pointofviewthatofspeciespreservationhavede
velopedanotherrelatedmathematicalconcept
calledminimumviablepopulationsizeReedet
al1986Thetoolwouldbeusedtodeterminehow
largeapopulationwouldhavetobeabletomain
tainsufficientgeneticvariabilityovertimetoinsure
survival

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

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

Conclusions

Ibelievethepaperhasshowntheexistenceof
asignificantcorrespondencebetweencoevolution
andtheprocessofvectorcontrolIbelieveitleads
totheseconclusions

1OurprogramsmaysufferfromtheRed
Queeneffectexhibitingeverincreasingcomplexity
whilegaininglittleornolongtermadvantageover
thevectorpopulation

2 Itisincumbentuponustolearnmore
abouttheadaptivecapacityofthevectorpopula
tion

3Weneedameanstomeasureourcontrol

effortinrelationtothesurvivalhurdlethatwe

imposeonthetargetpopulation

4Weneedtoencourageandsupporttheef
fortsofpopulationgeneticistsandotherre
searcherstopursuethesematters

5Wildlifebiologistscouldbenefitfromas
wellascontributetosimilarresearch

6Wemayalsobenefitfromtheresearchby
utilizinginformationabouttheadaptivecapacity
ofwildlifespeciestodesigncontrolprogramswith
lessadverseimpactonwildlife

7Mostvectorpopulationshaveatleastone
significantadvantageoverusTheycanaffordby
virtueoftheirhighreproductiverateandgenetic
diversitytocreatemanycheapsurvivalmodelsto
betestedintheenvironmentWecannotafford

thiskindofapproach

8Wehaveourownadvantagesinourstrug
glewithvectorpopulations

AWeastimebindershavetimeonour
sideBymakingmanychangesinashortpe
riodoftimewearerobbingthevectorpopu
lationofageologictimeframe Thereis
thereforelittletimeformutationsthebasic
mechanismofchangeThevectorpopulation



mustdependuponhistoricalmutationsstored
asgeneticvariabilityinthepopulationInthe
nearfuturewemaybeabletodeterminethe
adaptivecapacitythattheirstoreofmuta
tionsrepresentsandusetheinformationin
designingourcontrolprograms

BThecontrolagencyhasanenormousad
vantageoverthevectorsbyevolvingthrough
LamarkianmethodsThecharacteristicsof

theprogramsareacquiredthroughrational
processesandpassedtothefutureThevec
torpopulationislimitedtobottomupsmall
incrementalchangeswhilethecontrolagency
canmakelargetopdownorbottomup
changesWearelimitedonlybytheextentof
ourknowledgeresourcesandcreativity

CFinallywehavescienceonoursideSci
enceisamostpowerfulselectivesystem
Pagels1988believedthatthepowerofsci
enceisderivedfromthefactthattheselective

processisultimatelylinkedtonaturalorder

Theconferencewhichwenowattendisan

armofscienceWeareheretoexchangeideasand
todiscussnewtechnologyWeareabletoselect
thoseapproachesandtoolsthataremostappropri
ateforourindividualprogramsFromthisper
spectivewespeakersattheconferencearepartof
aCMVCAmachinegeneratinghypothesestobe
testedYoutheaudienceoperateasaselective
systemThosehypothesesthatpassyourtestwill
survive
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MANAGEMENTTHEKEYTOFUTUREMOSQUITOCONTROL

ThethemeforthisyearsTrusteeSessionis
managementandadministrationThispresenta
tionisbeinggivenfortworeasonsasaresultof
thetwoyearsactivitiesbytheCMVCAS21st
CenturyCommitteeandasapreludetotodays
speakersonfutureissuesfacingeachandevery
oneofusatMosquitoAbatementDistricts

ThespeakerswilladdressthequestionWhat
canweexpectintwofivetenandmoreyears
fromnow Themajorityofthepresentationsare
administrativeincontentnottechnicalWhyBe
causeasmanagersandtrusteesweadminister
publicagenciesthatareresponsibleformosquito
controlThelawswhichgovernuslocalandstate
politicsandchanginglevelsofrevenuedirectlyin
fluenceourabilitytoaccomplishourjobwhichin
volvesfarmorethanmerelyswattingmosquitoes
asiscommonlyperceived

MosquitocontrolagenciesinCaliforniaem
ployapproximately800peopleonapermanentand
parttimebasisandspendover33000000per
yearThisissupplementedby550000peryearin
supportiveresearchbytheUniversityofCalifornia
Howevercontinuouschangesinadministrative
lawspesticideregulationsandreducedrevenues
makeourworkfarmoredifficultthaninthepast
Yetmostdistrictsstillrelyonasmallstaffofone
tofivepeopletoadministertheseincreasingly
complexprograms

ThemannerinwhichMADsconductbusiness

inCaliforniahasnotreallychangedinthe45years
sincetheendofWorldWarIIAtthattimeMADs
wererequiredtohireentomologistswhocouldes
tablishmosquitocontrolprogramsthatcouldpre
ventoutbreaksofmalariacausedbythemilitary
veteranpopulationthathadbeeninfectedwiththe
diseaseoverseasandprovidethecapabilitiesto
qualifyforstatesubventioninthelate1940sFew
changesintechnicalpersonnelhavebeenmade
sincethattime

Unfortunately for the management of

mosquitocontrolprogramstherestoftheState
hasrapidlychangedthesizeandcomplexityof
publicbusinessesWiththeproliferationofcities
creationofredevelopmentagenciesformationof

CharlesBeesley

ContraCostaMosquitoAbatementDistrict
155MasonCircle

ConcordCalifornia94520
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specialassessmentdistrictstoutilizevectorcontrol
legislationlocalandregionaltransportationand
planningagenciesandenvironmentalregulations
withmandatorypermitreviewtheMADsareno
longertheindependentspecialagenciestheyonce
were

Weasmanagersandtrusteesneedtoknow
moreaboutrunningpublicagencieslikeour
counterpartsintheCaliforniaSpecialDistrictsAs
sociationCSDAinordertokeeppaceWeare
justasresponsibletothecommunitiesweserveas
aretheadministratorsoftheseotherpublicagen
ciesOurMADsarecomparabletosmallcitiesor
countiesbecauseofourlargegeographicaljuris
dictionsandthemultitudeofresponsibilitieswe
haveWehaveopenmeetingsfiscalresponsi
bilitieslaborproblemsinsuranceprogramscon
tractsandenvironmentalinteractionstheseareall
elementssharedwithanycitycountyorother
publicagencyEachofthesesubjectsrequiresspe
cialmanagementandadministrativeskillsatboth
thedistrictandassociationlevelyetwehavenot
respondedtothesechallengesbyhiringappropriate
technicalstafftodealwiththeseissues

Perhapsoneofthebestexamplesofourcol
lectivemanagementforesightwastheformationof
theVectorControlJointPowersAgencyVCJPA
Itstartedoffsmallandhasgrowntoafullfledged
multimilliondollarstatewideselffundedinsur
anceagencycomparabletotheJPAsofmanycities
andcountiesWehavecomealonglongwayina
fewshortyearsWhyBecauseweplannedandde
velopedtheprogramonestepatatimeThe
VCJPAthrougheffectivemanagementandad
ministrativeprogramshasbecometherealleader
shipofourassociationWesetandattainedspecific
goalsallowingustoexpandfurthershouldthatbe
desired

YoumayaskHowdoesthisapplytothe
Districtlevelwheretherealoperationalproblems
reside LetmeremindyoutheVCJPAwas
formedbecauseoftwostatewidepoliticalpres
suresaffectingourabilitytoconducttheserealop
erationsProposition13drasticallycutourrev
enueswhichaffectedourpersonnelandopera



tionalpolicieswhileinsurancecostsskyrocketed
Wefelthelplessin1978andmanythoughtwelike
somecitieswouldhavetogowithoutinsurance
Butweworkedtogetherattheassociationleveland
formedtheVCJPAThisorganizationhasallowed
ustobecomemorefinanciallyindependentthrough
resolutionofmanyofourconcernsWeshouldbe
proudofourresults

Howeverthenextseriesofproblemswillbe
morevagueandbroaderinscopeinvolvingboth
oldandnewsubjectssuchaschanginglaborlaws
continuedlegislativemandatesfuturedirectionand
leadershipoftheCMVCAfundingforresearch
andviralsurveillanceWewillbeincreasingly
testedfarfromourfieldoperationsinlegislative
officesandboardroomsWemustfurtherdevelop
andenhanceourcapabilitiesatboththedistrict
andassociationlevelinthefundamentalsofpublic
administrationleadershiplawsandregulations
planningpersonnelmanagementcommunityrela
tionsandfinancialmanagementtomakethesead
justmentsIncreasedadministrativecapabilitiesat
thedistrictandassociationlevelareessentialifwe

aretocontinuetosucceedinthepublicsector
Peoplewiththeseadministrativeskillsneedtobe
employedtomeetthesedemands

Weshouldhavetheabilitytodealeffectively
withourcounterpartswithinthosepoliticalagen
ciesinfluencingourprogramsCoincidentlythe
CSDAisholdingitssemiannualmanagement
seminaraddressingalloftheabovetopicson
February24261989inNewportBeachCalifor
niaThatshowimportantthesesubjectsaretoour
sisteragenciesandweshouldbeparticipatingwith
themtostaycompetitivewiththemTheseagencies
arewellawarethatCaliforniaisadynamicstate
withprojectedlongtermgrowthandchangingde
mographicswhichwillimpactallmosquitoabate
mentdistrictsWecannotignorethisgrowthand
changeitanymorethanwecanstopit These

pressureswillcontinuetoinfluenceourprograms
asthecommunitiesgrowConsequentlycontinued
successofourprogramsdemandsthatwelook
aheadanddevelopastrongplanningcomponent
Wecanachievethisbycontinuingourmanagement
workshopsutilizingoutsidesourcesliketheCSDA
forstaffandboardtrainingandhiringappropriate
managementtechnicalandadministrativeperson
nel
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Summary
OurpastsuccesseswerenoaccidentThey

camefromthecollectiveandindividualeffortsof

manypeoplewhounderstoodthateffectiveman
agementandadministrationcomesfromadvanced
planningTheissueswereunderstoodandwehada
willingnesstoworktogethertoleadourselves
throughtheinevitablechangesresultingfrom
growthinCaliforniaTheincreasinglyrapid
changesandthegreatercomplexityofourtaskin
mosquitocontrolmandatethatwebeevenbetter
preparednowthaninthepastWemustbemore
willingtoadjusttothesechangesinordertocon
tinueoursuccessTheprocessshouldbeginwith
managerstrusteesandtheCMVCAleaders
Sometrendsareevidentandothersarenotaswill
beshownbythefollowingspeakersButtheone
thinguponwhichwecanallrelyisthatchangeswill
occurWemustnottakethingsforgranted



ALARGEECONOMICALHOLDINGTANKDESIGN

FORMOSQUITOFISH

RobertLCoykendall

Introduction

Oneoftheproblemsbecomingincreasingly
importanttomosquitoabatementdistrictsisthatof
continuouslymaintainingareadilyavailablestock
offishforitstechniciansandthepublic The

demandforfishtostockmosquitobreedingsources
variesconsiderablyfromdaytodaythroughouta
typicalmosquitoseasonTechniciansoftenfindthat
fisharenotonhandwhentheyareneededbecause
the districts holding tanks have become

temporarilydepleted Thisgenerallyoccurs
becausetheholdingfacilitiesatmanyagenciesare
toosmalltoholdthenumbersoffishrequiredto
meetongoingdemands Sometechniciansload

excessivenumbersoffishintotheirdistrictholding
tankstoavertthesefrequentshortages This

practiceusuallyresultsindissolvedoxygendeficits
whichinturnpromotesfishstressandoften
culminatesinacutebacterialfungalorparasitic
infections

Theconfigurationofmanyholdingtankspre
sentsadditionaldisadvantagesRectangularholding
tanksnarrowdesignsinparticularusuallyprovide
easyaccesstothefishunfortunatelywatercircu
lationpatternswithinthesetanksmaybeuneven
andincludeareasofnegligiblecirculationThese
deadzoneswhichaccumulatesettleablewaste
materialcansupportandpromotesuddenpro
nouncedsurgesinthegrowthofundesirablebacte
rialpopulationsTheproliferatingbacteriainad
ditiontotheirpossiblepathogenicityutilizelarge
quantitiesofdissolvedoxygenThiscanresultina
criticalreductionintheoxygensupplythatwould
normallybeavailableforthefish

Theuseofsupplementalagitatoraerationin
suchsituationswillboostcirculationanddissolved

oxygenlevelstemporarilybutitisnotacomplete
solutionascontributorysolidwasteswillcontinue
toaccumulateFlushingwithfreshwateralsohelps
purgesuspendedwastemetabolites Settleable

solidshoweverarelargelyunaffectedbythisac
tionunlessexchangevolumesarekeptquitehigh
Atmostagenciesitisneitherpracticalnoreco
nomicaltocontinuallyflushlargevolumesofwater

SutterYubaMosquitoAbatementDistrict
PostOfficeBox726YubaCityCalifornia95992
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throughholdingtanksAsaconsequencetanksare
ofteninadequatelyoperatedorpoorlymaintained
andarenotcapableofofferingfishthebestpossi
bleshorttermenvironment

Severalordinaryrectangulartankshadbeen
usedforyearsattheheadquartersoftheSutter
YubaMosquitoAbatementDistricttoholdfishfor
immediateuseThenecessityforanimprovedand
largerscalefishholdingfacilitywasrecognizedas
anurgentpriorityanditwasapparentthatchanges
wouldberequiredinthefishstoragesystemforan
expandedbiocontrolprogramSeveralfactorshad
tobeconsideredtosatisfytheDistrictsrequire
mentsFirstanynewtankshadtobeeconomical
toconstructyetlargeenoughtoaccommodate
substantialnumbersoffishforweeksoreven

monthsatatimeSecondtankdurabilitywascon
sideredtobeimportantduetotheDistrictsex
tremelyhardwaterandprojectedheavyuseThird
thetankshadtoberelativelyeasytomaintaininan
acceptablestateofcleanlinessLastthetankshad
topermitreadyaccesstothefishbytechnicians
Numeroustankdesignswereconsidered buta
circularconfigurationwasfinallyselectedbecause
basicmaterialswereonhandthatwouldhelp
minimizeconstructioncostsandthecompleted
tankswouldverynearlymeetalltheforegoing
criteria

Oneuniquedesignfeatureexhibitedbythe
manycirculartanksnowusedintheaquaculture
industryandgovernmenthatcheriesistheircapac
itytobeessentiallyselfcleaningLarmoyeuxand
Piper1973Toaccomplishthisslowcirculating
tankwatercurrentsareinducedthroughdirected
perimeterwaterjetswiththesettleableandsus
pendedwastesbeingslowlytransportedbyvortex
actiontowardasingleaxialtankdrainThis
whirlpooleffectandfacilitationofcompletedrain
ingareenhancedinthelatesttankswithshallow
conicalbottomsBrandtandMorrow1987Hawke
andFieldDodgson1987Centraleffluentsumps
orenclosedstandpipedrainsreceivethewaste
laden water and its either discharged or

subsequentlyfilteredandrecycledatthediscretion



oftheuser
Fisheries technicians find that sizeable

mosquitofishpopulationssurvivelongerinlarge
shallowenvironmentsthantheydoinsmalldeep
confinesThismaybeduetothedilutingeffect
largevolumesofwaterofferwhichpermitsa
sloweraccumulationoftoxicwastemetabolites

Tankswithlargesurfacetovolumeratiospromote
greateratmosphericgaseousexchangethando
thosetankswithequalvolumesbutlesssurface
areaThisisadvantageousbecausethesetankscan
accommodatefishwhichhaveconstantlyvarying
demandsfordissolvedoxygenInjuriesinducedin
captivemosquitofishthroughdensitydependent
interactionstressorfrightresponsesmayalsobe
reducedinlargerconfineswherefishareless
crowdedFinallylargervolumeholdingfacilities
offergreatertemperaturestabilitythandotheir
smallercounterpartsWiththeseandotherfactors
supportingtheuseoflargerholdingtanksandcir
culartanksinparticularSutterYubaMADs
personneldesignedanenlargedfishholding
system

Materials

FollowingthebasictankdesignofHaukeand
FieldDodgson1987whichconsistedofathin
galvanizedsteelbandembeddedinacircular
concrete pad several modifications were

incorporatedtoenhancetankdurabilityand

REINFORCINGBAND

SUNCITEHPLINER

ALUMINUMWALL

SEALANT

EMBEDDEDWALL

CONCRETE 2SLOPE

COMPACTEDBOCK
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longevity Firstaringofbuttweldedmarine
gradealuminumsheetingwouldbeemployedto
providegreaterrigiditythanthethinsteelsheeting
originallydescribedAUVresistantplasticliner
wouldbebondedtotheinsidesurfaceofthe

embeddedaluminumtankwalltoprotectagainst
corrosionandaddneededfreeboard

PanelsofSunLiteHPplasticsheetingmea
suring3ftx50ftx0040inthicknesswerepur
chasedfromSolarComponentsCorporationfor
thisapplicationActualbondingwouldbemadeby
runningparallelbeadsofsiliconeadhesiveanda
similarwaterproofsealantbetweenthetwomateri
alsaroundtheexposedtopandbottominside
edgesoftheembeddedaluminumsheetingAnad
ditionalbeadofsealantwouldbeusedbetweenthe

extremebottomedgeoftheplasticlinerandthe
concretetankbottomtopreventwaterfromcon
tactinganyexposedaluminum

Construction

Professionalskillswererequiredtoconstruct
theshallowconeshapedconcretetankbottoms
andthe6inthickcompactedcrushedrockbases
thatweretosupporttheconcretepadsforeachof
thefivetanksAcontractforthisworkwas
awardedtoalocalconstructionfirmTheir

surveyingmeasurementsensuredthattherock
bases were uniformly level and precisely
establishedthelocationsfortheconcretepadforms

DRAIN

Figure1Tankpartialschematicview

COLLAR

STANDPIPE

REINFORCINGMESH

FLOW



Figure2Thecompletedmosquitofishholdingfacilityconsistingoffivecirculartanks

Figure3Crowdernetinclosedharvestposition



aswellasthetanksArectangularformfora
jointedconcreteslab20ftx90ftx12ftindepth
wasconstructedtoaccommodateallfivetanks

Reinforcementwiregridsweresuspendedupon
smallconcretepierblockstostrengthenthepads
andtheweldedaluminumringsdestinedtobethe
wallsofthetanksweresetintoplaceabovethis
wiregridworkThealuminumtankbandswere
positionedthreeinabovetheelevationofthe
compactedrockpadbyattachingnumerousshort
aluminumlegstotheoutsidebottomedgeofeach
ofthemetalbandsThiswastopermitthepoured
concretetoflowbothaboveandbelowthebottom

edgesofthealuminummaterialservingasthewalls
ofthetanksandcreatea3to4inwatertight
concretesealalongthetankbottomsLastly
measurementsweremadetopermitfabricationof
conicaltankbottomswhichwouldslope2toward
therecessedtankdrainsFigure1

Oncethesetankmaterialsandallnecessary
concreteformswereinplacebutpriortothe

Table1Basicmaterialsandcontractconstructioncostpertank

Quantity

1ea

487ft

500
5ea

Basictankmaterialstotal

Table2Plumbingcostspertank

Quantity

100

2ea

1ea

2ea

1ea

1ea

1ea

1ea

1ea

25Ct
1ea

1ea

1qt

Plumbingmaterialstotal

Description

18x20ConcretePadonRockBase

0125x29SheetAluminum

0040x36SunLiteHPRPlasticSheet
CartridgesSealerandAdhesive
DowCorning8641and739

Description

1Schedule40PVCPipe
1SXTMaleAdaptor
1SXSElbow90Degree
1SXTElbow90Degree
1x34SXTReducerBushing
34hoseadaptor
SweeperNozzle
1BallValve

1x2Schedule80Nipple
4Class100PVCPipe
4SXSElbow90Degree
4SXSXSTee

711PVCCementonhand
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pouringofanyconcretedistrictpersonnelplumbed
inplastic1inwatersupplyand4indrainagelines
aswellasplastic05inconduitforelectrical
service Theconcretewasthenpouredand
finishedonetankatatimeTheinteriortankbot

tomswerewetcuredfor30daystomaximize
strengthaftertheinitialsetupoftheconcreteon
allfivetanksThetankswerethendrainedsolvent
cleansedandtheplasticlinerswerebondedtothe
interioraluminumwalls Thesebondswere

allowedtocureovernightwithsacksofsand
stackedagainstthetwowallmaterialstokeepthem
properlypositioned Thetankswereleaktested

aftertheywerefullycuredbyfillingthembeyond
theirnormalcapacity Finalplumbingand
electricalworkwascompletedandafterseveral
morefillandflushcyclesbioassayfishwere
introducedintothenewtanksNoindicationofany
materialtoxicitywasnotedatthetimesomorefish
weregraduallystockedintothenewtanks

EachcompletedtankFigure2measured

Amount

S103500
3816

14775

3880

S125971

Amount

S541
106

066

119

059

034

211

987

040
3657

1145

1700

000

S8665



155ftindiameterwithawaterdepthof2728in
andafreeboardof10intherebyyieldingan
individualvolumeof3312galandofferingatotal
systemvolumeof16560galforallfivecircular
tanks

Costs

Actualconstructioncostsforthistanksystem
asinstalledatSutterYubaMADwerelessened
somewhat because some major building
componentswerepurchasedatmuchreduced
pricesCommerciallyconstructedtankshavebeen
graduallydecreasingincostastheaquaculture
industryexpandssoitmayeventuallybepossible
tolocatemanufacturersthatproducecirculartanks
similarinsizeandfeatures Thecomponent
descriptionsquantitiesusedanditemizedcostsare
listedinTables14

Operation
Filamentousalgaegrowthoftenbecomesrank

insunlitshallowpondsduringthesummerseason
incentralCaliforniaHoldingtanksarenotexempt
fromthisphenomenonandtheymustbekept
relativelyfreeofnuisancevegetationiftheyare
goingtoremaininaharvestablecondition
Aquaticherbicidesgenerallydonotofferalong
termsolutiontothesefilamentousalgaeproblems

Table3Electricalcostspertank

Quantity Description

10ft 12PVCConduit
1ea 1PVCConduit

1ea 12WeatherproofOutletBox
2ea 12TAAdaptor
1ea 12PVCElbow
5ft 122wGroundOFWire
1ea 115Vac15AmpReceptacle
1roll RubberTape

Electricalmaterialtotal

Table4Summarycosts

LTankMaterialsWalllinerConcrete

2PlumbingSupplyDrainage

3Electrical115VACSupply

Totalcostpertank

Costforentiresystem
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becausethevegetationusuallyreboundsrapidly
afterchemicaltreatmentandmanyofthemore
commonalgicidesortheirindirecteffectscanbe
stressfulifnotlethaltomosquitofish

Anessentiallynontoxicsolutiontothisprob
lemhasbecomeavailableandwhileitdoesnot
eradicatealgaeentirelyitdoesinhibititsdevelop
mentsignificantlyAquashade acombinationof

twofoodgradeorganicdyesimpartsabluishtinge
totreatedwaterswithphotoinhibitiontheintended
modeofactionFilamentousalgaeandmanyvas
cularizedaquaticplantsaredependentuponinitial
germinationandgrowthatsunlitbenthicsurfaces
Thisdyecompoundpreventscriticalamountsof
sunlightfromreachingthepondortankbottom
thuskeepingmuchofthealgaldevelopmentin
checkUnfortunatelysomealgaewillcontinueto
growalongshallowpondmarginsandmustbe
removed physically or controlled with spot
herbicideapplications

Aquashadeisusedregularlytoinhibitalgae
growthintheDistrictsnewcirculartanksandas
wastewaterdischargesarenotbeingrecycledre
placementwateradditionsmustbekepttoamini
mumtoavoiddilutingthedyetreatedtankwater
Asmallelectricfountainpumpisusedtosustain
theslowcircularcurrentsrequiredtotransport
suspendedwastestowardthecenterstandpipe

Amount

S530
180

629

048

063

111

058

142

S2901

S125971

8665

2901

S137537

S687685



drainofeachtankPeriodicdrainingofthecol
lectedsedimentsisaccomplishedbyturningonthe
powerfulperipheraljetforashortperiodoftime
Thiscausesthesettledwastestobedrawnupward
betweenthestandpipeanditscollarandexitthe
tankthroughthestandpipesdrainThefriction
fittedstandpipescanberemovedfromtherecessed
bottomfittingsofthetanksforcompletedraining
Theselfcleaningefficiencyofthiscirculartankde
signhasnotbeenperfectbutitisanimprovement
overthemanualcleaningsystemusedintheolder
rectangulartanksAdditionalexperimentationwill
benecessarytodetermineoptimalflowratescir
cularvelocitiesandothermaintenancedetails

Comparativelylargenumbersoffishhave
beenintroducedtoseveralofthetankswithagita
torsactivatedtoassureadequatedissolvedoxygen
Thishasbeennecessarybecauseverylittledis
solvedoxygenisintroducedthroughtheperipheral
jetsastheDistrictswellwaterisessentiallyanaero
bicExperimentationwillbeconductedonthe
benefitofspecialairinjectionnozzlestoalleviate
thisproblemMaximumfishholdingcapacitiesfor
thetanksystemhavenotbeendeterminedso
loadingtestswillbemadeduringsummer1989
Minimalreplacementwaterandfishfeedwere
requiredduringthiswinterscoldweatherand
wasteaccumulationshaveasaconsequencebeen
insignificant
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Largecirculartankshaveareputationfor
eingdifficulttoharvestunlessthefisharedrained
fromthem Afoldingfishcrowderhasbeen
devisedtoalleviatethisproblemforournewtanks
bymodifyingthedesignofBrandtandMorrow
1987Thisoneortwopersoncrowderwasfabri
catedbystretchingandattaching18innylon
seinematerialwithintworectangularPVCpipe
frameshingedlooselytogetherFigure3Oneof
thetwonettedframesisanchoredtothetankwall
whiletheothersectioniswalkedaroundthetankto

formanarrowwedgeshapedareafromwhichthe
fishcanbedipnettedOnehundredpercenthar
vestsofthefishhavenotbeenachievedbecausea

fewfishescapearoundtheedgesofthecrowder
butrefinementsshouldimprovethecrowderseffi
ciency

References

BrandtTMandJCMorrow1987Drainmod
ificationsandacrowdingnetforcircular
tanksProgressiveFishCulturist497375

HawkeSPandMSFieldDodgson1987Sim
plelowcostcircularpondsProgressiveFish
Culturist497576

LarmoyeuxJDandRGPiper1973Evaluation
ofcirculartanksforsalmonidproduction
ProgressiveFishCulturist35122131



FEEDINGANDSURVIVALOFLABORATORYSIERRENSISLARVAE

FirstinstarlarvaeofAedessierrensiswererearedinlaboratorymicrocosmscontaining
differentsourcesofnutritionThefoodsourcesconsistedoftreeholewateralarvalfoodmix
of50liverpowderand50yeastpowderleavesofCaliforniablackoakQuercuskelloggii
andleavesofPacificmadroneArbutusmenziesiiDeionizedwaterservedasthecontrolThe
resultsindicatedthatdeionizedandtreeholewaterdidnotsustainlarvalorpupaldevelop
mentThefoodmixtreatmenthadthegreatestmeanpupalweightbuttherewerenosignifi
cantdifferencesinmeanadultwinglengthsamongthetreatmentsThepercentagesofAesier
rensiswhichemergedasadultsweredeionizedwater0 treeholewater0 foodmix29
oakleaves33 andmadroneleaves41

Introduction

ThewesterntreeholemosquitoAedessierren
sisLudlowisavectorofdogheartwormDirofi
lariaimmitisLeidyanddeerbodywormSetaria
yehiRudolphiandisconsideredtobeanimpor
tantbitingpestofhumansWeinmannandGarcia
1974Weinmannetal1973LarvaeofAesierren
siscanbefoundcommonlyintreeholesinmany
areasofwesternNorthAmericaDarsieandWard
1981

Leavesstemsandothermaterialswhichfall

intoawaterfilledtreeholeprovideanutrient
sourcewhichusuallysupportsadetritusbasedin
vertebratecommunityKitching1971Woodward
etal1988Larvalfoodmaybethemostimpor
tantfactorlimitingtheabundanceoftreehole
mosquitopopulationsCarpenter1983Zavortink
1985studiedeighttreeholeinhabitingAedes
speciesinthesouthwesternUSandreportedthey
arecapableoffilterfeedingbrowsingandgnaw
ingFishandCarpenter1982reportedthattheir
laboratorystudyofaneasternspeciesoftreehole
mosquitoAedestriseriatusSayindicatedthat
browsinguponfungiandbacteriaonthesurfaceof
submergedleavesisofprimaryimportanceforlar
valnutritionWalkerandMerritt1988didafield
studyofAetriseriatusandreportedthatleavesare
notnecessarybecausetreeholewatercontaining
bacteriaprovidessufficientnutrientsforlarval
growthThepresentstudywasundertakentode
terminewhichfoodsourceprovidedthebest
growthandsurvivalofAesierrensisinthelabora
tory

CAPyleAEColwellandDLWoodward

LakeCountyMosquitoAbatementDistrict
P0Box310LakeportCalifornia95453

ABSTRACT
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MaterialsandMethods

Thelaboratorymicrocosmssimulatedtree
holesconsistedof20oneliterglasscontainers
withlidsFourmicrocosmscontained500mlof

deionizedwateronly Amixtureof400mlof

deionizedwaterand100mloffilteredtreehole

waterwasaddedtoeachoftheremaining16
containersThesewereusedforthetreeholewater
foodmixoakleafandmadroneleaftreatments

Thelarvalfoodmixconsistedof50Schiff

NaturalLiverallpowderand50Yeast500plus
VitaminspowderEachofthefourlarvalfoodmix
containersreceived025gramsofthefoodmixture

LeavesofCaliforniablackoakQuercuskel
loggiiNewberrywerecollectedfromanexperi
mentalsiteinKelseyvilleCaliforniaThreegrams
ofdriedoakleaveswereaddedtoeachoffourof
thecontainers

ThelasttreatmentcontainedleavesofPacific

madroneArbutusmenziesiiPurshcollectednear
PotterValleyCaliforniaThreegramsofdried
madroneleaveswereaddedtoeachofthefourre

mainingcontainers
Aedessierrensiseggscollectedfromalabo

ratorycolonywerehatchedinfilteredtreehole
waterwithadissolvedoxygenconcentrationof
01ppmThelarvaewerethenrinsedinapetri
dishofdeionizedwaterinordertoremoveanyor
ganicparticlesthatmighthaveadheredtothem
duringthehatchingprocessTwentylarvaewere
addedtoeachofthe20laboratorymicrocosms
Thelarvaewerekeptat232Candobserveddaily
Alldeadlarvaeandexuviaewereremoveddailyso
thatlivingmosquitoescouldnotfeedonthem



Larvaefromtwojarsofeachtreatmentgroup
wereremovedfromtheircontainersandheadcap
sulewidthsweremeasureddailyusingadissecting
microscopefittedwithanocularmicrometerWhen
thelarvaereachedthepupalstagetheywere
weighedwithanelectronicmicrobalance

Emergingadultsfromeachfoodtypewere
collecteddailyandthesexofeachwasrecorded
Adultwinglengthsweremeasuredfromthealular
notchtothedistalwingtipBockandMilby1981
withanocularmicrometerinadissectingmicro
scope

TheexperimentwasterminatedwhenallAe
sierrensishadeitherdiedoremergedsuccessfullyas
livingadultsSurvivaldevelopmentwinglength
andemergencedatawereeachanalyzedbyaone
wayanalysisofvariancefollowedbyaStudent
NewmanKeulsmultiplerangetestSexratiodata
wereanalyzedbyKruskalWallistestsZar1974

ResultsandDiscussion

Themeanpercentageoflarvaealiveineach
treatmentaftertendayswasasfollowsdeionized
water1 treeholewater63 foodmix63
oakleaves68 andmadroneleaves78 The

percentaliveinthedeionizedwaterwassignifi
cantlyP001lessthanintheothertreatments

Figure1presentsAesierrensissurvivalrates
duringthestudyOndays16and28thedeionized
waterandtreeholewatercoloniesdiedoutrespec
tivelyHeadcapsulewidthmeasurementsindicated
thelarvaeinthedeionizedwatercolonyneverma
turedbeyondthesecondinstarbutsomeofthe
larvaeintreeholewatermaturedtothefourthin

starbeforedyingAnothertreeholemosquitoOr
thopodomyiasigniferaCoquillettdevelopsarose
pinkcolorationafterfeedingonthebacterium
ThiocapsaspReeves1941Nopinkishcoloration
wasobservedintheAesierrensisinthecontainers
withtreeholewater

Thepercentageoflarvaewhichsuccessfully
pupatedisindicatedinFigure2Nopupaedevel
opedinthedeionizedwaterandtreeholewater
treatmentsFishandCarpenter1982reported
thatrapidlydecomposingleaflittersupportedmore
mosquitogrowththanslowlydecomposinglitter
Themadroneleavesdecayedrelativelyslowlyinthe
presentstudybuttherewerenosignificantdiffer
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encesP005inpupationratesamongthefood
mixoakleavesandmadroneleavestreatments

Thepupalweightofeachindividualwithin
tworeplicatesofeachtreatmentgroupwasmea
suredandtheresultsarepresentedinFigure2
Thelarvaerearedonthefoodmixhadasignifi
cantlyP005highermeanpupalweight55mg
thandidlarvaerearedonmadroneleavesmean
pupalweightof37mgoroakleavesmeanpupal
weightof36mgGilpinandLangford1978
reportedthatAesierrensislarvaewhichweregiven
greaterquantitiesoffoodformedheavierpupae
Themoreimmediateavailabilityofthepowdered
foodmixtofeedinglarvaemayhavealsobeen
importantinthepresentstudy

Figure3plotsthecumulativeadultemergence
againstthenumberofdaysintheexperimentPu
paefromtheoakleafmicrocosmsstartedproduc
ingadultsonDay14Adultemergencecontinued
for8daysduringwhichatotalof33ofthefirst
instarlarvaeintheoakleafmicrocosmsemerged
asadults Foodmixmicrocosmsfirstproduced
adultsonDay15Alladultsinthesemicrocosms
emergedovera4dayperiodduringwhich29of
theAesierrensisemergedasadultsMadroneleaf
microcosmsfirstproducedadultsafter16daysThe
emergenceperiodlasteduntilDay40Duringthis
span41oftheAesierrensisemergedasadults
Therewerenostatisticallysignificantdifferences
P005inthenumbersofadultswhichemerged
norinthesexratiosoftheadultsfromthefood

mixoakleafandmadroneleaftreatments
Thepercentageofpupaewhichemergedas

adultsFigure4washigh79 forthemadrone

leaftreatmentsFigure4alsopresentsthemean
winglengthsoftheadultmosquitoesfromthethree
foodsourcecoloniesTheadultsrearedonlarval

foodmixhadameanwinglengthof255mmfol
lowedbymadroneleaveswithameanwinglength
of239mmandbyoakleaveswithameanlengthof
192mmAcomparisonofwinglengthsfromall
treatmentsindicatedfemaleshadsignificantly
P001greaterwinglengthsthanmalesHow
evercomparisonsofmalewinglengthsbetween
treatmentgroupsshowednosignificantdifferences
P005Similarlytherewerenomarkeddiffer
encesP005amongfoodmixoakleafand
madroneleaftreatmentsinfemalewinglengths
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Theconsiderablygreaterpupalweightofthefood
mixmosquitoesdidnotresultinaparticularly
longerwinglengthofadultsThismaybedueto
thehighpupalmortalityinthefoodmixmicro
cosms

Theideathatfilterfeedingonbacteriaalgae
orotheritemsintreeholewaterisofprimaryim
portancetotreeholemosquitolarvaewasnotcon
firmedinthisstudyHowevertheartificialfood
mixwhichmayhavebeeningestedbyfilterfeed
ingissuitableforrapidlaboratoryrearingof
adultsTherelativelyslowrateofemergencefrom
themadroneleafmicrocosmssuggeststhelarvae
maynotbeabletoimmediatelyfeeddirectlyon
thesetoughleatheryleavesEvenafterdecompos
ingorganismshadsoftenedtheleavestheydidnot
appeartohavepiecesremovedfromthembythe
larvaeTheseobservationsareconsistentwiththe

hypothesisthatAesierrensislarvaebrowseonfungi
andothermicrobeswhichhavecolonizedthe
leaves
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ONRICEFIELDSINFRESNOCALIFORNIA
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ABSTRACT

AlifetablewasconstructedforCulextarsalistheprimaryvectorspeciesofwestern
equineencephalomyelitisParametersmeasuredtodevelopthetableincludedsurvivalinthe
adultandimmaturestagesfecundityeggviabilitygonotrophiccyclesandsexratioUnder
thestrongpredationpressureofnaturalenemiesinFresnoCaliforniaricefieldstherateof
increasefromgenerationtogenerationRofthespecieswasca16Xindicatingarelatively
stablepopulationdensityTheintrinsicrateofincreaserwas00246andmeandurationof a

generationTwas20days

Introduction

CulextarsalisCoquillettisaprimaryvectorof
bothwesternequineencephalomyelitisandSt
LouisencephalitisvirusesinCaliforniaReeves
1965Adultmosquitoesareusuallycollectedfrom
naturalhabitatssuchasanimalburrowstreecavi
tiesandrockpilesaswellasfromchickenhouses
animalsheltersandunderbridgesMortenson
1953LoomisandGreen1955Klieweretal1969
Larvaearefoundinallcategoriesofgroundwater
likenaturalpoolsormarshywastelandsbutthey
areusuallyassociatedwithagriculturalusageof
watersuchasricefieldsirrigatedpasturesandir
rigationseepagewaterBohartandWashino1978

MosquitopopulationsincludingCxtarsalis
arebecomingincreasinglyresistanttochemical
pesticidesandtheundesirableenvironmentalim
pactofpesticideshasbecomerecognizedCarson
1962Georghiouetal1969MiuraandTakahashi
1974SchaeferandWilder1970Womeldorfetal
1971Bothtraditionalandnovelalternativecon
trolmeasuresareneededtocontrolmosquitopop
ulationsforthesereasons

Inordertodevelopnewapproachesto
mosquitocontrolitisnecessarytoknowthebiol
ogyofthemosquitoaswellaswhatmethodsand
materialshavebeenusedtocontrolmosquitoesin
thepastKeydataincludehowtheinsectsurvives
initslarvalandadultstageswherebreedingoc
cursandthephysicalandphysiologicaleffectsof
thefactorsinitslivingenvironment
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Moon1975developedastatisticalmodelof
thebasiccycleofwesternequineencephalomyelitis
inKernCountyCaliforniausinglaboratoryand
fielddataavailableintheliteratureWhite1980
reportedthepopulationdynamicsofthisspecies
breedinginamarshycanyonsurroundedbyarid
foothillsinKernCounty

Theobjectiveofthisreportistoconstructlife
tablestodeterminethenetreproductiverateR
intrinsicrateofpopulationincreaserandmean
generationtimeTofCxtarsalisbreedingonrice
fieldsintheSanJoaquinValleyCalifornia

MaterialsandMethods

RicecultureandmosquitocontrolThestudy
wasconductedinthenorthwestportionofFresno
CountyCaliforniaRicefieldsinthisareanor
mallywerefloodedduringthe2monthperiodbe
tweenApril15toJune15Themajormosquito
speciesfoundwasCrtarsaliswhichusuallyap
pears3to5weeksafterfloodingandisfoundthere
throughoutthericeseason

Twomainstrategiesbiologicalandchemical
havebeenusedbythelocalmosquitoabatement
district Fresno WestsideMAD tocontrol

mosquitoesThemostimportantbiologicalagent
isthemosquitofishGambusiaaffinisBairdand
GirardNormally02lbs200to400fishper
acrearestocked7to10daysafterfloodingthe
fields



BiologyofCutarsalisinFresnoarea Cx

tarsalisisamultivoltinespeciesthatoverwintersas
diapausingfemales Usuallyfirstyearlyoccur
rencesofnewlybloodedorgravidfemalesarecol
lectedinthelastweekofJanuaryKlieweretal
1969SchaeferandMiura1972Insomeyears
firstoccurrencesofmalesa1stgenerationare
collectedwithlighttrapsduringthefirstweekof
Marchbutyieldsaregenerallysmalluntilthemid
dletolatterpartofMarchThisindicatesthat
mostlikelytheeggswereovipositedinFebruary
Thespecieshasbimodalpopulationpeaksduring
theyearthefirstpeakappearsatthemiddleof
JulyandthesecondatmidSeptember13years
trapcollectionrecordsFresnoWestsideMAD
TheFresnoareahasanautogenousstrainwhichis
apparentlyindigenousBellamyandKardos1958

DatacollectionCxtarsaliscoloniesestab

lishedfromwildpopulationscollectedinthevicin
ityofFresnowereusedThecolonieswereheldin
1ftscreenedcagesinaninsectarymaintainedwith
adailylightregimeof14L1ODandatemperature
andRHof27 1Cand80respectivelyThe
cagedmosquitoeswereprovidedfoodintheform
ofraisinsandpermittedtotakebloodfrommice
twiceaweekApapercup140mlcontaining100
mlwaterforovipositionwasplacedinsideeach
cageOvipositedeggsraftswerehatchedinthecup
andtransferredtorearingpans40x25x6cm
eachcontaining3litersofdeepwelltapwaterpH
7powderedrabbitfoodandyeastsolutionThe
waterinthepanswasthengentlyaerated

Todeterminetheratioofautogenousand
anautogenousfemalesinthecolony100ormore
pupaeweretransferredto16ozStyrofoamemer
gencecupswith300mlofwaterEachcupwas
placedina1ftcagecontainingaraisincupfor
foodandthecageswereheldintheinsectaryfora
weekafteradultemergence Thefemaleswere

thendissectedandclassifiedastoChristophers
1911stageofeggdevelopmentFemalesinstage
IIIorlaterwereconsideredasautogenousThis
testwasrepeatedfivetimes

Subcoloniesofautogenousandanautogenous
strainswereestablishedseparatelytostudyfecun
dityFiftyormoreadultsofeachstrainwerekept
inseparate1ftcagesprovidedwitharaisincup
andgivenaccessdailytomicefromthetimeof
emergencethroughoutthestudyperiodBothegg
raftproductionandthenumbersofeggsperraft
wererecordeddaily Viabilityofeggsforboth
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strainswasdeterminedbyexaminingandcounting
eggsfromindividualraftshatchedinseparatecups

MathematicalmodelWeusedamodeles

sentiallyidenticalinprincipletothatdescribedby
Weidhaas1974 Inbriefthenetreproductive
rateRisusedforcomputingpopulationgrowth
ratesanditisexpressedmathematicallyasfollows

Ro EE

wherelistheagespecificsurvivorshipiethe
probabilitythatanindividualwhichwasaliveatage
0willbealiveatagexandmisfecunditywhichis
definedasthemeannumberofoffspringproduced
toindividualagexinagiventimeperiodTode
terminetheRofCdrtarsaliscalculationweused
thefollowingformula

R Eexaut lnx
t mxanautVSixanaut

incorporatingtworeproductivestrainsandwhereV
equalsviabilityofeggsandSisthesurvivalrateof
immaturestagesThemeangenerationtimeT
andintrinsicrateofincreaserwereestimated
fromthelifetableusingthefollowingequation

T logR

r

Thervaluewascalculatedbyaninteractivesub
stitutionmethodusingLotkasequationBirch
1948

1 EPma
rx

ResultsandDiscussion

Boththepopulationstatisticsobtainedbythe
presentstudyandthedataavailableinpublished
referencesareshowninTable1Theautogenous
rateoftheFresnostrainofCxtarsalisrearedby
thedietdescribedearlierwasca17 ranging
from0to35

Thefirsteggraftsdepositedbyautogenous
femalesappearedonthe3rddayafteremergence
mosteggraftsweredepositedonthe5thdaywhile
anautogenousfemalesproducedmosteggraftson
the6thday Thesubsequentlengthofthe
gonotrophiccycleswasfourdaysinbothstrains
Fig1 Themeannumberofeggsperraft
ovipositedbyanautogenousfemaleswas250with



Table1LifetablestatisticsusedtocalculatethenetreproductionrateRintrinsicrateofincreaserand
meandurationofagenerationTofCxtarsalisinFresnoCaliforniaricefields

Biologicalevents

1SurvivalRate

Eggs

Larvae

I 0478

Statistics Source

0930 presentstudy

Miuraand

II 0323

Takahashi

III 0221

unpublished
IV 0039

data

P 0021

Adultdaily 0820 Nelson Milby1982

2Durationeggstoemergence 10days presentstudy

3Fecundity

Autogenous 80eggsraft
presentsyudy

Anautogenous 250eggsraft

4Gonotrophiccycle

1stoviposition

Autogenous 4days
presentstudy

Anautogenous 6days

2ndand3rdoviposition

Autogenous 4days
presentstudy

Anautogenous 4days

5Sexratio 11 presentstudy
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Table2CulextarsalispopulationmodelinFresnoCaliforniaricefields

Life

Day stage

No No

individual eggs

02 Eggs 50000 0920 092000 0

3 1stinstars 46000 0519 047748 0

4 II 23874 0677 032325 0

5 III 16163 0686 022175 0

7 IV 11088 0177 003925 0

9 Pupae 1962 0525 002061 0

1112 Adults 1030 0820 001690 0

5 Adults 65 2600 0820 000627 40 02508

6 Adults 260 32500 0820 000514 125 06425

9 Adults 29 1160 0820 000283 40 01132

10 Adults 118 14750 0820 000232 125 02900

13 Adults 13 520 0820 000128 40 00512

14 Adults 53 6625 0820 000105 125 01313

17 Adults 6 240 0820 000058 40 00232

18 Adults 24 3000 0820 000047 125 00588

21 Adults 3 120 0820 000026 40 00104

22 Adults 11 1375 0820 000021 125 00263

25 Adults 1 40 0820 000012 40 00048

26 Adults 5 625 0820 000010 125 00125

29 Adults 05 20 0820 000005 40 00020

30 Adults 2 250 0820 000004 125 00050

33 Adults 0 0 0820 0 40 0

34 Adults 1 125 0820 000002 125 00025

1Hereafter daysafteradultemergence

rangeof159to325andthatbyautogenousfe
maleswas8035206Theviabilityofeggsperraft
wasca93inbothstrains

ThesummarylifetableofCxtarsalison
FresnoricefieldsisshowninTable2 Larval

mortalitywashighduringtheyoungerimmature
stagesandthismighthavebeenduetopredation
MiurainpressMogietal1984similarlyob
servedhighmortality99 ofCulexspinPhilip
pinericefieldsTheRoftheFresnostrainina
ricegrowingseasonwas16245Thismeansthe
populationwasgrowingevenunderheavypressure

Survival

rate E Mx Exmx

63950 E P 16245
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fromnaturalpredatorsMiuraetal1981Ther
valuewas002465Fig2indicatingthatthepop
ulationwasgrowingatarateof002465perfemale
pergonotrophiccycleMeandurationofagenera
tionTwascalculatedas197days

Thedataobtainedfromthelifetablestudy
indicatedthatricefieldsintheFresnoareaproduce

relativelyfewmosquitoesonaperacrebasisNev
erthelessricefieldsplayanimportantrolein
mosquitoproductionintheareabecausericeis
usuallycultivatedinlargeacreagesandfieldsre
mainfloodedforfivemonthseveryyearthereby



providingavastareaformosquitobreedingduring
alargepartoftheyearThisiscontrastedtomost
otheragriculturalpracticeswherelongterm
mosquitobreedinghabitatsarenotcreatedasa
normalpartofcultivation
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MARKRELEASERECAPTURESTUDIESONCULICINEMOSQUITOES

INSOUTHERNCALIFORNIADURING1988

WKReisenRPMeyerMMMilbyARPfuntnerandJPWebb

ThepopulationecologyofCulexquinquefas
ciatusCulexstigmatosomaandCulisetaincidens
wasstudiedusingmarkreleaserecapturemethods
atadairyresidentialsettinginChinoSan
Bernardino County and at the residential

communityofRossmoorOrangeCountyduring
thesummerof1988

Mosquitoeswerecollectedaslarvaeandpu
paefromdairylagoonChinoordrainagechannel
RossmoorbreedingsitesTheywereallowedto
emergemarkedwithdateandsitespecificcolored
fluorescentdustandreleasedinlateafternoon
whenlessthan24hoursoldonthreeconsecutive
days at peripheral andor residential sites

Recapturewasattemptedforrestinghostseeking
andgravidadultsfor9to11consecutivedays
Mosquitocollectionsweresortedbysexspecies
andmarkstatusandcounted Allrecaptured
markedandasampleoffemalesunmarkedwere
dissectedtodetermineparity

1WegratefullyacknowledgethetechnicalassistanceofVM
MartinezandBRHillArbovirusFieldStationandthestaffs

oftheWestValleyandOrangeCountyVectorControlDis
tricts
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mosquitoresearchallocatedannuallythroughtheDivisionof
AgricultureandNaturalResourcesUniversityofCalifornia
andsupplementalfundingfromtheSouthernCaliforniaRegion
oftheCaliforniaMosquitoandVectorControlAssociation
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EnvironmentalHealthSciencesSchoolofPublicHealthUni
versityofCaliforniaBerkeleyCA94720
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4705AllenRoad

BakersfieldCalifornia93312

ABSTRACT
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FewCrstigmatosomaandCxquinquefascia
tuswererecapturedby32CO2traps12gravid
trapsand3walkinredboxesoperatedfornine
consecutivedaysatChinoTable1 Culexstig
matosomawasmoredispersivewith5of11recap
turedfemalestakenattraps 1kmdistantfrom

thereleasepointmax 43kmthanwasCx
quinquefasciatuswith2of17femalesrecapturedat
traps 1kmfromthereleasesiteAlthoughlow
recaptureratesprecludedthedeterminationofco
hortspecificdispersaltheabundanceofunmarked
CxstigmatosomaandCrquinquefasciatusfemales
wassignificantlygreateratresidentialgeometric
means 618and779femalesCO2trapnightre
spectivelythanatdairy75and376collection
sitesindicatingthathostseekingfemalesmayhave
infiltratedresidentialareasfromdairybreeding
sources

Only03ofthemarkedCxstigmatosonta
wererecapturedon13samplingoccasionsat
Rossmoorascomparedto114ofthemarked
femaleCrquinquefasciatus and193ofthe

markedfemaleCsincidensTable1Similarto
theChinoexperiment2of4recapturedCxstig
matosomaweretakenattraps 1kmfromthe

pointofreleaseindicatingconsiderabledispersal
inbothopendairyandresidentialhabitatsSpa
tiallyCrquinquefasciatusrecapturesremained
clumpednearboththedrainageditchandbackyard
releasesitesuntilhostseekingcommenced34
daysafterreleaseThemeandailydispersalrateof
markedfemalesrangedfrom06to10kmday
duringdays3to9andthesefemalesreadilyinfil
trateda06kmportionoftheRossmoorcommu
nityMarkedCxquinquefasciatusfemaleswere
recapturedat25of27trapsitesmaxrecapture
distance 24km Thedurationoftheinitial

gonotrophiccycletimefrommodalnulliparousto
parousfemalerecapturerateswassixdaysThe
dailylossratedeath emigrationforfemales3
to9daysofagewasestimatedhorizontallyby



curvilinearregressiontobe0213forfemalesre
capturedwithina06kmareaoftheRossmoor
communityThedailyverticallossratedeathwas
estimatedfromtheparityrateofunmarkedfe
malestobe0122indicatingthat009143 of

dailyrecapturelosseswereattributabletoemigra
tionfromthe06kmareaDailyfemalepopula
tionsizewasestimatedbytheLincolnIndexmodi
fiedtoaccountforthedailylossesinmarkedfe
malesandaveraged 95confidencelimit
72918 22938femalespopulationdensity ca

121000 38000femaleskmTheabundanceof
unmarkedfemalesat16CO2and12gravidtraps
operateddailywithinthestudyareaaveraged956
and225femalestrapnightrespectivelywhichin
dicatedthattrappingefficienciesmeannumber
pertrappopulationsizewere013and007

MarkedCsincidensdidnotdispersereadily
since88wererecapturedattrapswithin50mof
thereleasesiteand39ofallunmarkedfemales

Table1 NumbersofmosquitoesreleasedandrecapturedinChinoSanBernardinoCountyandRossmoor
OrangeCountyCalifornia1988

Species

Cxstigmatosoma

Cxquinquefasciatus

Csincidens

Released

F M

Cxstigmatosoma 2992224567

Cxquinquefasciatus 2083889

11711179

896111249

425443

IncludesadultscollectedinCO2trapsandredboxes

Chino

Rossmoor
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werecollectedbyfourtrapsnearadrainagechan
nelbreedingsiteThedailypopulationlossesat
thissitewereestimatedhorizontallyfromthere
captureratetobe0302andverticallyfromthe
parityratetobe0205Lossesduetoemigration
were009732ofhorizontallosses Popula
tionsizeatthedrainagechannelsiteaveraged484

326females

ThelowrecapturerateofCxstigmatosomaat
bothChinoandRossmoorwasunexpectedandwas
attributedtodispersalpriortoorduringtheinitial
hostseekingflightPlannedresearchwillcompare
thedispersalofteneralfemalescollectedaslar
vaepupaewithmaturehostseekingfemalescol
lectedbyCO2trapsinbothdairyandresidential
environmentsIncontrasttherecaptureandsur
vivorshipratesofCxquinquefasciatusandCsinci
densatRossmoorwerehigherthanexpectedand
willbecomparedtovaluesestimatedinother
communitiesinLosAngelesCounty

Recaptured

F MF M

11100390004

178082090

430303

101647711442

823019368



SIZESELECTIONBYTHETADPOLESHRIMPTRIOPSLONGICAUDATUS

NOTOSTRACATRIOPSIDAEONLARVAEOFTHEMOSQUITO

CULEXQUINQUEFASCL4TUSDIPTERACULICIDAE

NoorSTietzeandMirSMulla

DepartmentofEntomologyUniversityofCalifornia
RiversideCalifornia92521

ABSTRACT

ThetadpoleshrimpTPSTriopslongicaudatuswasfoundtobe asizedependent
predatorofCulexquinquefasciatuslarvaeinthelaboratoryAdditionallydifferencesinTPS
sizewereaccompaniedbychangesinpreysizepreferencelargersizedpredatorscarinal
length 2257mmconsumedanincreasingproportionoflargerpreyitemswhile verylarge
TPScarinallength 99mmappearedtobenonselectivepredatorsofthismosquito
speciesQuantifiedbehavioralobservationsindicatedthatwhilesecondinstarmosquitolarvae
wereencounteredsignificantlylessfrequentlythanwerefourthinstarlarvae orpupaethey
werecapturedatsubstantiallyhigherratesandwithshorterhandlingtimesItishypothesized
thatpreyvulnerabilityhasaninfluenceonTPSpreysizepreference

Introduction

Inmanypredatorpreyrelationshipsthebody
sizesofboththepredatorandthepreyplayanim
portantroleindictatingthesizeofpreyitemscon
sumedKrebs1978Preyvulnerabilitymaybea
moreimportantfactorofsizedependentpredation
thanisactiveselectionbyinvertebratepredators
Aspreysizeincreasessodoestheefficiencyof
theirescaperesponses Invertebratepredators
termedsizedependentpredatorshavebeenfound
topreferintermediatesizedpreyitemsdueto
captureandhandlingtradeoffsAllanetal1987
Pastorok1981

TadpoleshrimpNotostracaTriopsidaeare
inhabitantsoftransientfreshwatersworldwide
Longhurst1956Accordingtotheclassification
schemeofGreene1985tadpoleshrimpTPS
arecruisingraptorialpredatorsTriopslongicau
datusLeConteispolyphagousandfeedsuponin
vertebratesandplantmaterialinbothdaylightand
darknessScottandGrigarick1979Theseinvesti
gatorsnotedthatearlyinstarmosquitolarvaewere
consumedinthelaboratoryAmoredetailedstudy
inthelaboratoryshowedthisspeciestobea
predatorofCulexquinquefasciatusSaylarvae
Tietze1987anditiscurrentlybeingconsidered
asabiologicalcontrolagentagainstmosquitoes
ThisinvestigationonthefeedingratesoftwoTPS
sizesonmosquitolarvaedemonstratedthatsmaller
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TPSmeanbodylength 16cmconsumedfirst
andsecondinstarmosquitolarvaeathigherrates
thanforthethirdandfourthinstarswhilelarger
TPSmeanbodylength 24cmconsumedall
mosquitoinstarsatnearlyequalratesTietze
1987

Unlikefloodwatermosquitoesiegenera
AedesandPsorophorastagnantwatermosquitoes
ingeneraCulexandAnophelesmayovipositduring
theentirefloodingperiodtherebyproducinga
heterogeneousassemblageoflarvalinstarsandpu
paeTheabilityofgrowingTPStofeeduponvari
ousmosquitoinstarsmayestablishtheireffective
nessasbiologicalcontrolagentsofstagnantwater
mosquitoesThegoalofthisstudywastodeter
minefromlaboratoryexperimentswhetherTPS
showedsignificantinstarpreferenceforstagnant
watermosquitolarvaeandpupaeandifsotode
termineifthesepreferenceschangedastheTPS
increasedinsizeTheissueofwhetheractiveselec
tionorvulnerabilitywasinvolvedinthispredation
scenariowasaddressedthroughlimitedbehavioral
observations

MaterialsandMethods

Tadpoleshrimp Tlongicaudatuswere
rearedfromeggsinfiberglassmicrocosmsatthe
UCRAquaticandVectorControlResearchFacil
ityinRiversideThemicrocosmswere084min



areaandequippedwithfloatvalvestomaintainthe
properwaterdepth30cmFivemicrocosmswere
floodedatdifferenttimesoverafivedayperiodto
producearangeofTPSsizesLarvalandpupal
stagemosquitoesofthespeciesCxquinquefascia
tuswereacquiredfromalaboratorycolonymain
tainedatUCR

Predatorandpreysizesweremeasuredusing
adissectingmicroscopefittedwithacalibratedoc
ularmicrometerTPSsizewasdeterminedbymea

suringthelengthofthecarinalsuturethatdivides
thecarapacealongthelongitudinalbodyaxis
Linder1959Immaturemosquitosizewasmea
suredfromtheapexoftheheadcapsuletothebase
oftheairsiphonforlarvaeandfromtheanterior
oftheheadtothepaddlesforpupae

PreferencetestswereperformedinaGibson
environmental chamber Temperature was

maintainedat26 2Candmeasuredusingacon
tinuoushygrothermographIlluminationwithinthe
chamberwasprovidedbyone60wattcoolwhite
fluorescentbulbArenaswereplasticcontainers
filledwith200mlofwellwateratawaterdepthof
4cmBoththeTPSandimmaturemosquitoeswere
acclimatedtothetestchambersforonehourprior
totreatmentTenrepresentativemosquitoesof
eachlarvalinstarandthepupalstagewerepre
servedin70EtOHTheirbodylengthswere
measuredlaterPreferencetestsconsistedofex

posingindividualTPSinthearenatofiveofeach
mosquitolarvalinstarandthepupae25totalThe
preyitemswereaddedtothearenasimultaneously
andthetimeofadditionnotedAfteronehourof

predationeacharenawasinspectedforthenumber
ofpreyconsumedSixreplicatesweremadefor
eachpredatorsizeclassDuetotheshortperiodof
exposureonehourreplacementofpreycon
sumedwasnotimplemented

PreyselectionwascalculatedusingChessons
alphaelectivityindexManlyetal1972Chesson
1983Chessonsalphacanbeusedforcalculating
preyselectioninconstantorchangingpreydensi
tiesChesson1978Alphawascalculatedforeach
preysizeclassineacharenaandeachpredatorsize
groupAnANOVASASInstituteInc1982was
performedtotestthenullhypothesistherewere
nosignificantdifferencesinselectionbetween
predatorsizegroupsSeparateANOVAsandDun
cansMultipleRangeTestsSASInstituteInc
1982wereperformedtodeterminewhethersig
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nificantdifferencesexistforpreysizepreferences
withineachpredatorsizegroup

Results

Prey selection Significant differences

p005inpreysizepreferenceawerefoundfor
firstthirdandfourthinstarlarvaeandpupae
whencomparingsixpredatorTPSsizeclasses
preferenceforsecondinstarlarvaewasnotsignifi
cantlydifferentp005betweenpredatorsize
classes

PreysizepreferencesofTPSchangeddra
maticallywiththeirgrowthThesmallestTPSsize
group22mmpreferredfirstinstarlarvaesignifi
cantlymorethansecondinstarlarvaeanddidnot
consumelargerinstarsorpupae Thesecond

predatorsizegroup30mmfeduponfirstand
secondinstarlarvaewithoutasignificantdifference
p005inpreferenceMembersofallpreysize
classesweretakenwhentheTPShadcarapace
lengthsof40mmorgreaterMediumsizedTPS
41mmshowedsignificantpreferenceforearlier
instarlarvaebutdidfeeduponthirdorfourthin
starlarvaeandpupaeThelargersizedTPS470
mmshoweddistinctpreferencesbetweenallprey
sizeclassesotherthanfourthinstarlarvaeandpu
paeTPSwith575mmcarapacelengthexhibited
similarpreferencesforthirdandfourthinstarlar
vaeandfourthinstarlarvaeandpupaebutregis
teredasignificantlygreaterpreferenceforthirdin
starlarvaeoverpupaeFinallywhilethelargest
TPS99mmexhibitednomarkeddifferencein
preferencebetweenfirstthirdandfourthinstar
larvaeandpupaetherewerenotabledifferences
betweenconsumptionoftheseandsecondinstar
larvae

BehavioralobservationsVideorecordedpre
dationtestsshowedthatthecapturesuccessrateof
secondinstarCxquinquefasciatuswassignificantly
greaterthanthatdisplayedforfourthinstarlarvae
orpupaeTPS70mmcapturesuccessrateon
secondinstarlarvaewasfivetimesgreaterinmag
nitudethanonfourthinstarlarvaeandsixtimes
greaterthanthatofthepupaeSimilarlyhandling
timeofsecondinstarmosquitolarvaewassignifi
cantlylessthanthatoffourthinstarlarvaeandthe
pupaeAcomparisonofthenumbersofencounters
betweentheTPSandthethreepreyitemsshowed
fourthinstarlarvaeandpupaehadsignificantly



moreencountersthandidsecondinstarmosquito
larvae

Discussion

Tadpoleshrimpwerefoundtobesizedepen
dentpredatorsofmosquitolarvaeandgenerally
displayeddecreasingpreferencesforincreasinglar
valsizeAsTPSincreasedinsizetheirrelative
preferenceforlargerpreysizesincreasedDistinct
preysizepreferenceswereevidentifTPSwere
separatedintoarbitrarysizegroupsiesmall
mediumandlargeSmallTPSconsumedearlyin
starfirstandsecondmosquitolarvaewhile
mediumsizedTPSconsumedallavailableinstars

butpreferredearlyinstarlarvaeAsthepredators
grewlargertherelativepreferenceforlargerprey
itemsincreasedThelargestTPSsizegroupap
pearedtofeeduponmostpreysizesinanonse
lectivemannerietheproportionofthepreysizes
consumedwasequaltothatintheenvironment

TPShadanoverallpreferenceforsecondin
starmosquitolarvaeThispreferencedidnot
changenotablywithgrowthoftheTPSandthe
largestpredatorgroupdidshowgreaterpreference
forthesethanforfirstthirdandfourthinstarlar
vaeandpupaeBehavioralanalysisgavesimilarre
sultshighcapturesuccessandshorthandlingtimes
wereregisteredforsecondinstarlarvaeSecondin
starlarvaemaybethemostvulnerablemosquito
larvalinstartoTPSpredation

Alterationofpreybodyshapeisknowntoin
fluencepredatorcaptureandhandlingsuccess
Kerfoot1975and1977Mosquitopupationpro
ducesadrasticchangeinbodyshapethelinear
fourthinstarlarvaevolvestoasmallerroundpupa
Thelatterstagewastheleastvulnerabletopreda
tionandwasgenerallyratedtheleastpreferredby
TPSBehavioralanalysisindicatedslightlylower
capturesuccessandgreaterhandlingtimesfor
mosquitopupaethanforfourthinstarlarvae

Whilethisstudywasnotadefinitivetestof
whetherapparentpreysizepreferencewasdueto
activepredatoryselectionorvulnerabilityofthe
preybehavioralobservationstendedtosupportthe
latterhypothesisThebehavioralanalysisshowed
thatalthoughthenumberofencountersbetween
TPSandsecondinstarlarvaewasfewerinfre

quencythanwithfourthinstarlarvaeandpupae
capturesuccessofsecondinstarswasfargreater
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Sincesecondinstarlarvaewereobservedbutnot
quantifiedonthevideotapedpredationsequences
toconsistentlydisplayweakerescaperesponsesin
velocityanddistancewhenencounteringapreda
tortheymighthavebeenmorevulnerabletobeing
capturedTheseobservationssuggestthatvulnera
bilitymighthaveanimportantinfluenceonsize
dependentpredationHoweverlowerencounter
ratesofsecondinstarlarvaemayhavebeeninpart
duetotheirsmallersizeswimmingbehaviorand
positioninthewatercolumn

Preysizeselectionisanimportantfactorto
considerwhenevaluatingnewbiologicalcontrol
agentsTheeffectivelevelofcontrolmayonlybe
realizedwhenthereareappropriaterelativesizes
ofpredatorandpreyForexampleinthisstudywe
foundthatsmallerTPScarapacelength40mm
didnotconsumethirdorfourthinstarCrquinque
fasciatuslarvaeInthefieldsomestagnantwater
mosquitolarvaeproducedfromovipositionsduring
thefirstdaysafterfloodingmayescapepredation
bybecomingthirdandfourthinstarsbeforethe
TPShavegrownto40mmincarapacelength
persobsSimilarsituationsmayoccurwhere
preygrowthratesareveryhighasinthefloodwa
termosquitoPsorophoracolttntbiaeDyarand
Knabwhoseeggshatchimmediatelyuponhydra
tionIfthesemosquitoesbecomethirdinstarlar
vaebeforetheTPSarelargeenoughtocaptureand
handlethemonewouldexpectthemtoescapeTPS
predation
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COMPARISONOFNEWJERSEYLIGHTTRAPSANDCO2BAITED

TRAPSINURBANANDRURALAREAS

MarilynMMilbyandWilliamCReeves

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealth

UniversityofCaliforniaBerkeley

Introduction

NewJerseylighttrapsNJLThavebeena
keyelementinevaluationofmosquitocontrol
programsandinCaliforniasEncephalitisVirus
SurveillanceProgramsincethe1950sStudies
throughouttheCentralValleyandinotherareasof
theUnitedStateshaveshownthatwhilehigh
NJLTindicesforvectorspeciesdidnotnecessarily
meanthatvirusactivitywouldoccurwestern
equineencephalomyelitisWEEandStLouis
encephalitisSLEviruseswererarelydetected
whentheindiceswerelowInKernCountythere
wasastrongpositivecorrelationbetweenvirus
infectionratesinCulextarsalisCoquillettsero
conversionsinsentinelchickensandNJLTindices
forCxtarsalisReeves1968

Afterseveralyearsofresearchontheecology
ofWEEandSLEvirusesintheLosAngeles
metropolitanareaitbecameapparentthatvirus
activitywasoccurringdespiteverylowNJLT
indicesforCulexmosquitoesForexamplein1988
58ofthesentinelchickensatSepulvedaBasin
becameSLEantibodypositiveyetthepeakNJLT
indexatthatsitewasonly21Cxtarsalispertrap
nightandtheaverageforAprilthroughOctober
was05pertrapnightWebegantosuspectthatthe
NJLTsdidnotsamplethevectorpopulations
efficiently perhaps due to interference or

competitionfromindigenouslightsources both

groundlevellightsandtheoverallurbanglow

SacramentoValleystudies
Theresultsofastudydoneincooperation

withtheSutterYubaMosquitoAbatementDistrict
whichcomparedcollectionsofCxtarsalisAedes
melanimonDyarandAnophelesfreeborniAitken
inNJLTswiththoseinCDCtrapsbaitedwithCO2
dryiceandoperatedwithlightsMilbyetal
1978werepresented11yearsagoWefoundthat
inruralareastheCO2trapscollectedabout3times
asmanyCxtarsalisandAemelanimonastheNJ
trapsandthatinurbanareasthemeanratiofor
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Crtarsaliswasashighas1020timesmorefemales
intheCO2trapsWeattributedthisdifferenceto
distancefromknownbreedingsitesForAn
freebornitheratioswereinvertedwithNJLT
collecting23timesasmanyfemalesasCO2traps

Areexaminationofmorerecentdata1986
fromtheSutterYubaMADatruralsitessimilarto

thoseusedin1977showedsomewhatlowermean

ratiosofCO2traptoNJLTindicesthanbefore
Table1Thisdifferenceprobablycanbe
explainedbythefactthatseveralCO2trapswere
operatedweeklyateachsiteandthedistances
betweentheCO2trapsandtheNJtrapwereoften
muchgreaterthanintheearlierstudyThetwo
siteswhereNJLTscollectedmoreCxtarsalisthan

CO2trapsStaasandJamesfrequentlywerevery
windyHoweverateachoftheeightsitesthere
wasastatisticallysignificantcorrelationbetween
NJandCO2trapindicesovertime

Theaveragenumberspertrapnightshownin
Tables14arebacktransformedWilliamsmeans
whichwereusedinordertodampentheinfluence
ofoccasionalveryhighorverylowweeklyindices
Themeanratiosarethemeansoftheweekly
ratioswhere1wasaddedtoeachvaluetohandle
caseswherethedenominatortheNJtrapindex
exceptforAnfreeborniwaszerowhichoften
happensinurbanNJLTdata

ForAnfreebornithemeanratiosofNJLTto
CO2trapcollectionsalsowerelowerthaninthe
previousstudyTable1Howeverthetwoindices
weresignificantlycorrelatedovertimeatonlyfour
oftheeightlocations Anexampleofgood
correlationbetweenthetwomeasurescanbeseen

inFigure1whichcomparesweeklyindicesforCx
tarsalisandAnfreeborniintheNJLTandtwoCO2
trapsatasinglelocation

LosAngelesBasin
ComparisonsweremadeforNJLTandCO2

trapdatafromfoursitesinLosAngelesand
OrangeCountiesTable2Theweeklyindicesfor



Culextarsalis

NewJersey COtraps Meanratio

traps withlights CO1NJ1

164 661 46

181 520 40

218 90 06

324 390 16

492 529 18

606 218 09

640 590 15

1047 902 12

Location

Barker

Guisti

PStaas

Gollenbusch

Bennett

James

Sheppard

Dean

Location

HarborLake

Fullerton

SepulvedaBasin

SanJoaquinMarsh

Table1FemalespertrapnightSutterYubaMAD1986
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NewJersey

Anophelesfreeborni

COtraps

Table2FemalespertrapnightLosAngelesandOrangeCounties1988

Culexquinquefasciatus

Meanratio

traps withlights NJ1CO1

38 55 10

425 62 10

165 19 09

65 04 07

1410 61 18

713 40 11

1156 160 32

2240 158 17

Culextarsalis

NewJersey COtraps Meanratio

traps withlights CO1NJ1

01 125 154

02 14 26

05 38 42

77 269 54

NewJersey COtraps Meanratio

traps withlights CO1NJ1

02 212 281

03 41 52

08 148 111

10 437 384
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thetwotypesoftrapsweresignificantlycorrelated
overtimeonlyattheSanJoaquinMarshsitewhich
isthemostruralofthefourstudiedThenumber
ofCO2trapsoperatedateachsitevariedfrom
weektoweekandsothegeographicareasampled
alsovariedThiscouldexplainnotonlythelarge
discrepancyforCrtarsalisatHarborLakebut
alsothelackofcorrelationbetweenthetwo
measuresofabundance

ThemeanratiosforCxquinquefasciatusSay
Table2wereevenhigherthanthoseforCx
tarsalisandagaintheSanJoaquinMarshwasthe
onlylocationwhere the two indiceswere

correlatedAtallfoursitestheCO2trapswere
operatedwithlightsTherewerenomajor
competinglightsourcesattheSanJoaquinMarsh

Otherurbanandruralsites

ComparisonswerealsomadeofNJLTindices
withthosefromCO2trapsoperatedwithoutlights
atsixstudyareasthreeinwelllightedurbanareas
andthreeinrurallocationsTable3Thesedata
weremoreconsistentthanthosefromthe
SacramentoValleyortheLosAngelesBasinas

NJLT

CO

75

d
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Anophelesfreeborn

Figure1FemalemosquitoesperNewJerseyandCOtrapnightGuistiSutterCounty 1986

theCO2trapswereoperatedweeklyatfixedsites
ineachareaHowevercorrelationsbetweenNJ
andCO2trapindicesweresignificantatonlyafew
sitesForCxtarsalisthesewerePalmDesertan
urbanlocationinRiversideCountyJohnDale
RanchinKernCountyandAdohrFarmsinthe
CoachellaValleyBothruralsiteshadlittleorno
indigenouslighting

CollectionsofCx quinquefasciatuswere
correlatedsignificantlyonlyatPalmDesertand
BrianoBrothersDairynearChinoAtPaloVerde
theNJtrapislocatednearaverybrightmercury
vaporlightandcollectsveryfewmosquitoesof
eitherspecies

TrapindicesforPsorophoraspeciesatPalo
VerdeweresignificantlycorrelatedwithNJtraps
collectingapproximatelythesamenumberof
femalesofthisspeciesasCO2trapsduringJune
throughOctober

CulexstigmatosomaDyarformerlyCulex
peusSpeiserwasseldomcollectedbyeithertype
oftrapatthelocationswherebothwereoperated
Table4Ofthesiteswherefemalesofthisspecies
werecollectedbybothNJandCO2trapsthe



numberspertrapnightwerecorrelatedonlyat
FullertonandBrianoWecontinuetoseekmore
effectivewaystosamplepopulationsofthisspecies

Theinfluenceofmoonlightonlighttrap
collectionshasbeendocumentedbyseveralauthors
Barretal1960Bidlingmayer19671974Pratt
1948butwewereunabletodemonstrateasignifi
cantmoonlighteffectusingthedataforanyofthe
abovespeciesatanysitesincludingruralareaswith
nocompetitivedomesticlights

ComparisonofCDCtrapsbaitedwithCO2run
withorwithoutlights

In1978duringamarkreleaserecapture
studyatPosoWestnearBakersfieldMilbyetal
1980wecomparedtheeffectivenessofCDCtraps

Culextarsalis

NewJersey COtraps Meanratio

traps withoutlights CO1NJ1
Location

Urbansites

Smith

PalmDesert2

PaloVerde

Ruralsites

Briano

JohnDale

AdohrFarms

1SanBernardinoCo

0

02

02

001

21

163

Table3Femalespertrapnight1988

02

49

488

04

220

2019

2RiversideCo 3ImperialCo

76

baitedwithCO2andoperatedwithoutlightswith
thatofthoserunwithlightsThisisaremotearea
withnoartificiallightingatnightiiissitewas
chosenforpilotreleasesofgeneticallyaltered
tarsalisbecauseitsupportedalargenatural
populationthatwasalmostexclusivelyCxtarsalis
especiallyinearlysummerConsequentlywehave
trapcomparisondataonlyforCetarsalis

Weran12trapsnumbers16and1through
11eachnightfor12daysJune13throughJune
24inanorthsouthlinedownacanyonNelsonet
al1978Someportionsofthecanyoncontained
morebreedingsitesandthussupportedlarger
populationsofmosquitoesthanotherssoweused
astratifiedsamplingschemeThe12trapswere
dividedintocontiguousgroupsoffourwithineach

94

1544

20

152

226

4ItemCo

NewJersey

Culexquinquefasciatus

COtraps Meanratio

traps withoutlights CO1NJ1

006 37 115

03 684 1079

005 08 31

06 142 394

07 83 98

03 04 17



groupoffoureachnighttwotrapswereoperated
withlightsandtwowithoutThiswasdetermined
onthespotnightbytossingacoinThefirst
twoheadsineachgroupoffourwererunwith
lightstailswererunwithout

Thetrapcountswereanalyzedbyperforming
ananalysisofvarianceANOVAonthenatural
logarithmsoftheactualnumbersofmosquitoes
collectedThistransformationreducedthevariance
andnormalizedthedata

InJunethestudyareahadaverylarge
populationofCxtarsalisMilbyetal1980The
collectionsoffemalesinthetrapsoperatedwithout

Location

Urbansites

Indio

HarborLake

PalmDesert

Smith

Fullerton

SepulvedaBasin

Ruralsites

SanJoaquinMarsh

Briano

Table4CulexstigmatosomaformerlyCtpeus
femalespertrapnight1988

NewJersey

traps

005

013

028

16

47

89

30

42

Operatedwithlightsotherlocationsoperatedwithoutlights

1RiversideCo 2LosAngelesCo

77

lightsrangedfrom126to1541pertrapnightin
thosewithlightsthemeannumberswere324to
1772pertrapnightTherewassignificantvariation
betweentrapsiteswithinthecanyonbutthemost
importantandsignificantsourceofvariationwas
thepresenceorabsenceofalightThenumberof
femalesfromtrapswithlightswasgenerallytwo
timesthatfromtrapswithoutlightsregardlessof
whetherthetrapsitewashighlyproductiveorhad
fewfemalesToputthisintostatisticallanguage
thetwowayinteractionbetweentrapsiteandtype
oftrapwasnotasignificantsourceofvariationin
theANOVA

COtraps CO1NJ1

006

18

046

33

30

42

Meanratio

15

43

11

76

43

09

94 17

14 24

3SanBemardinoCo 4OrangeCo



Formalesthedifferencewasquitedramatic
sincetrapsoperatedwithoutlightscollectedalmost
nomalesatallwhilethoseoperatedwithlights
averaged48malespertrapnight

Thecollectionsfromtrapswithoutlightsare
verycleaniehavealmostnomothsormidges
toslowdownprocessingandtearupthe
mosquitoesThustocollectfemaleCrtarsalisitis
probablymoreefficienttoruntwiceasmanytraps
withoutlightsthantorunhalfasmanytrapswith
lights

Conclusions

ItseemsreasonabletosuggestthatCO2traps
beconsideredasareplacementforineffective
NJLTsasasurveillancetoolinhighlyurbanized
areasOntheprosidetheycollectmoreCulex
mosquitoesespeciallyinareaswherethereis
abundantlightfromothersourcesanddonotneed
tobeoperatedatsitesadjacenttoanelectrical
outlet Collectionofalargersampleofa
population increases the sensitivity of the

monitoring system for measuring population
changesTheconsideofcourseisthattheyare
morelaborintensivesincetheymustbesetoutjust
beforeduskandpickedupjustafterdawnthe
followingmorningtheyrarelyattractmalesofany
specieswhichsacrificesinformationimportantin
locatingbreedingsourcesorinsomebiological
studiesandthereisanincreasedcostasCO2bait
isexpensiveandunavailableinsomeareas

IfCO2trapsaretoreplaceNJLTsfor
mosquitosurveillanceinurbanareascareful
attentionmustbegiventostandardizationofboth
thenumberoftrapsoperatedandtheirplacement
inanareaItisprobablycriticaltoestablisharatio
ofNJLTtoCO2trapindicesatasiteforseveral
yearsbeforethechangeismadeTheSacramento
ValleystudiesindicatethatCO2trapsareless
effectiveforcollectingAnfreebornandthiscould
beimportantinstudiesofthisspeciesasapestor
inmalariastudies

Acontrolledevaluationshouldbemadeto

comparefurthertheeffectivenessofCO2trapswith
andwithoutlightsinurbanareasTheadvantageof
usingtrapswithonlyCO2asanattractantisthat
thiswouldatleastdampenandmighteliminatethe
effectofcompetitivelightsThedisadvantage
wouldbethatitwouldlimitcollectionstohost
seekingfemalesandexcludemaleswhichwould
decreasethesensitivityandvalueofthesampling
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Table1MeanMwnumberoffemalescollectedperCO2trapnightineachmicrohabitatatPoso
Creek1988

THEINFLUENCEOFVEGETATIONONCO2TRAPEFFECTIVENESS

TheinfluenceofvegetationonCO2trapef
fectivenessforsamplinghostseekingfemaleCulex
tarsalisCulexquinquefasciatusandAedesnigro
maculiswasinvestigatedatafoothillriparian
habitatontheeasternsideoftheSanJoaquinVal
leyinKernCountyCalifornia

Trapswerespacedalongalineartransect
perpendiculartoPosoCreektoaccommodate
samplingmosquitoesinfivediscretemicrohabitats
1openhilltopdevoidofvegetativecover2traps
2openpasturewithasparsecoverofdriedgrasses

1ThisresearchwasfundedinpartbytheResearchGrant5
R22A103028fromtheNationalInstituteofAllergyandInfec

tiousDiseasesandBiomedicalResearchSupportGrant8S07
RR05441fromtheNationalInstitutesofHealth

Microhabitat

Hilltop

Openpasture

Shadedunderstory

Peripheralunderstory

Opencanopy

CulextarsalisandCulexquinquefasciatus
nights

Meansfollowedbythesameletterare
P005

RPMeyerWKReisenandMMMilby

DepartmentofBiomedicalandEnvironmentalHealthSciences
SchoolofPublicHealth

UniversityofCaliforniaBerkeleyCalifornia94720

Culex

tarsalis

ABSTRACT

274a

563a

856ab

1608c

1552c

Mwfemalescollectedpertrapnight

sampledon15trapnightsandAedesnigromaculison3trap

notsignificantlydifferentinaDuncansmultiplerangetest

80

andsaltbushAtriplexsp2traps3peripheral
understoryofmulefatBaccharisvimineaonthe
outernorthandsouthmarginsofPosoCreek3
traps4shadedunderstoryofmulefatbeneath
thecanopyofcottonwoodPopulisspandwillow
Salixsptrees2trapsand5opencanopy5m
abovegroundlevelwithinthecottonwoodandwil
lowgrowth3trapsThetrapswerebaitedwith
25kgofdryiceandoperatedforthreeconsecutive
nightsatmidmonthfromJunethroughOctober
Collectionsweresortedtospeciesandsexand
counted The mean number of females

transformedbyLNy 1collectedpertrap
nightpermicrohabitatwascomparedbyANOVA
andDuncansmultiplerangetest

MosthostseekingfemalesofCxtarsalisand
Cxquinquefasciatuswerecollectedbytrapsposi

Culex

quinquefasciatus

14a

07a

28a

29ab

96b

Aedes

nigromaculis

92

258

42

234

08



tionedwithintheperipheralunderstoryCxtarsalis
onlyandopencanopyTable1ThemeanMw
numberoffemaleCxtarsaliscollectedpertrap
nightwasnotsignificantlydifferentbetweenthe
opencanopyandperipheralunderstoryHowever
thesemeansweresignificantlyhigherthanthe
meannumberoffemalescollectedbytrapsop
eratedintheshadedunderstoryopenpastureand
openhilltopmicrohabitatsAlthoughCxquinque
fasciatuswas15foldlessabundantthanCxtarsalis
femalesweresufficientlynumeroustodemonstrate
thattrapsoperatedintheopencanopycollected
significantlymorefemalesthantrapsoperatedin
theremainingmicrohabitatsTable1Themean
numbersoffemalescollectedpertrapnightinthe
peripheralandshadedunderstorywerenearlyiden
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ticalTrapspositionedonopenhilltopsandinthe
openpasturecollectedrelativelyfewfemales
Baseduponmicrohabitataffinitiesexhibitedby
hostseekingfemalescollectedbyCO2trapssam
plingofCxtarsalisandCxquinquefasciatuswould
bemosteffectiveifthetrapswereoperated5m
abovegroundlevelwithintheopencanopyoftrees
orneargroundlevelalongcorridorsofvegetation

Intermittentfloodingofapastureinmid
Septemberproducedarelativelylargehatchof
Aedesnigromaculis Preliminarydataindicated
thatfemalesofthisspeciesengagedinhostseeking
activityintheopenpastureandalongtheperiph
eralunderstoryofvegetationbutlessfrequentlyat
theopenhilltopsintheshadedunderstoryorin
theopentreecanopyTable1



ATTRACTIONOFFLORIDAMOSQUITOESDIPTERACULICIDAE

TOARTIFICIALLIGHTINTHEFIELD

ArshadAliJaiKNayarJudyWKnightandBruceHStanley

Introduction

Previouslyseverallaboratoryandfieldstudies
hadbeenconductedontheresponsivebehavior
primarilyhostseekingofadultmosquitoesto
coloredvisualstimuliamajorityofthesestudies
involvedAedessppBrown19511954Sippleand
Brown1953WoodandWright1968andothers
Relativelyfewstudieswereundertakenonthenon
responsivebehaviorofmosquitoesasindicatedby
theircatchesintrapsequippedwithvarioussources
colorandintensityoflightHeadlee1937Breyev
1963Jiqunetal1984Alietal1986reported
ontheattractionofadultchironomidmidgesto
coloredlampsinthefieldAconsiderablenumber
ofadultmosquitoeswasalsotrappedinthatstudy
Theattractionofadultmosquitoestothelamps
usedinvariouscombinationscolorandwattagein
theseparatetestsconductedincentralFloridais
reportedhereSuchbehavioralinformationon
mosquitoesisusefulfortheirefficienttrappingand
collection

lUniversityofFloridaIFASFloridaMedicalEntomology
Laboratory2009thStreetSEVeroBeachFL32962

2E1DuPontandCompanyAgriculturalProductsDepart
mentCropResearchLaboratoryPOBox30NewarkDE
19714

UniversityofFloridaIFAS
CentralFloridaResearchandEducationCenter

2700EastCeleryAvenue
SanfordFL327719608

ABSTRACT

SixNewJerseylighttrapswereemployedinthefieldtoassessattractivenessofadult
mosquitoestosixincandescentlightsourcesofdifferentcolorsandwattagesintensities
WhiteyelloworangebluegreenandredlampswereusedWhiteincandescentandfluores
centlampswerealsocomparedSeventeenspeciesofmosquitoeswerecollectedinthreesepa
ratetestsusinglampsofdifferentintensityandcolorcombinationsCulexsppCxsalinarius
CxnigripalpusandCxMelerraticusandPsorophorasppPscolumbiaeandPsciliata
werethemostabundantmosquitoesColorF5147and133dfP0001wasmuchmore
importantthanintensityF0401and133dfP0999withbluelightingeneralattracting
moreadultsthantheothercolorseventhoughithadthelowestintensityTherewerealsosig
nificanteffectsofgenderF9869and133dfP0001andgenusF21538and133df
P0001uponthenumberscapturedbythedifferentcolorsFluorescentlightattractedmore
mosquitoesthanincandescentwhitelightTheresultssuggestthatlighttrapsshouldbe
equippedwithblueincandescentorfluorescentlampsforbettercollectionofthemosquitoes
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MaterialsandMethods

Thetestswereconductedduringthesummer
of1984atthenorthwestshoreofLakeJessupin
SeminoleCountyFloridaSixNewJerseylight
trapsequippedwithsuctionmechanismMulhern
1942wereusedandwerespaced20mapartina
rowEachtraphungfrontapolewasplacedca2
mabovegroundlevelTheexperimentaldesignand
thestudyareawerepreviouslydescribedAlietal
1986Aportable3000WgeneratorDaytonInc
DaytonOHsuppliedpowertolampsfittedinthe
trapsThelampsusedwerecommonlyavailablein
candescentlampsalsoknownasgeneralpurpose
AlinelampsAnonymous1978Intest1all100
W lampsofwhiteWLyellowYLorange
OLblueBLgreenGLandredRLwere
usedIntest2WLYLOLBLGLandRL
lampsof254040 100 100 and100Wre
spectivelywereemployedIntest3three60W
WLandthree60WwarmwhitefluorescentFL
lampsCirclite60werecomparedAllWLlamps
werefrostedinsidewhileallcoloredlampswere
enameled

Thecolorlampsusedemittedbroadbandsof
wavelengthsinthevisiblespectrumThewave
lengthsemittedbyBLarebetween430and490
nmGLbetween490and550nmYLbetween550



and590nmOLbetween590and620nmandRL
between620and770nmAnonymous1978
Hollingsworth1961Theradiantenergyemitted
byWLandFLwasinallvisiblewavelengthsof390
to770nmtheFLlightpeaksatca180190nm
whichareshorterthanthepeakwavelengthsofthe
WLAnonymous1978

Therelativebrightnessofeachlampwasmea
suredinaphotographydarkroomusingaLICOR
lightmeterLiCorIncLincolnNBequipped
withaphotometricsensorLI210SBAlietal
1986Themeasurementsoflightintensityfor100
WWLYLOLBLGLandRLwere371197
1111214and21luxrespectivelywhilethose
of25WWL60WWL40WYLand40WOL
were4917158and31luxrespectivelyThe
intensityreadingfortheFLwas159lux

Thetrapsineachtestwereactivatedforape
riodof2hcommencingabouthalfanhourbefore
sunsetoneachsamplingoccasionTests1and2
wererepeatedonsixdifferentoccasionssothat
eachlampinatestoccupiedadifferentpoleeach
timeTest3wasalsoconductedonsixdifferentoc

casionsandtheFLandWLwerepositionedalter
natelyoneachoccasion Theadultmosquitoes
collectedduringeachsamplingperiodwereidenti
fiedsexedandcountedDuetothesmallnum
berscollectedofsomemosquitospeciescatches
weregroupedbygenustoincreasethesamplesizes
fortheanalysisoftheeffectsoflightcolorandin
tensityoncatch

Thesignificanceofthequalitativefactors
genusGsexSlamptypeLcolorCand
thequantitativefactorintensityIinattracting
theadultmosquitoeswaselucidatedbycontingency
tableanalysisusingloglinearmodelswithquanti
tativefactorsaspreviouslydescribedAlietal
19841986Theanalysisdifferedfromthatgiven
inAlietal19841986inthatloglinearmodel
parameterswereestimatedusingweightedleast
squaresregressionwithanadjustmenttoreduce
biasproblem83IIIDobson1983Theweighted
regressionswerefitusingSASSAS1985andthe
degreesoffreedomwereadjustedforobservations
withzeroweights

Tests1and2wereanalyzedtogethertoallow
theeffectsofcolortobeseparatedfromintensity
Alietal1986Effectsofintensitycouldnotbe
separatedfromtheotheraspectsoflamptypein
theanalysisoftest3butgenericandgenderpref
erencescouldbeexaminedThehierarchyofterms
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addedtotheloglinearmodelineachanalysisis
presentedinTable2Unprotectedleastsignificant
differenceLSDtestsP005wereconductedon
arcsinesquareroottransformedcatchproportions
acrosslamptypesforeachgenderineachgenusin
eachtesttoaidininterpretingthesignificantef
fectsintheaboveanalyses

ResultsandDiscussion

Seventeenspeciesofmosquitoesbelongingto
AedessppAnophelessppCulexsppPsorophora
sppandUranotaeniasppplusCoquillettidiaper
turbansWalkerandMansoniatitillansWalker
werecollectedTable1Culexsppformed482
366and767ofthetotalmosquitoestakenin
tests12and3respectivelyCulexnigripalpus
TheobaldandCulexsalinarius Coquillettwere
predominantintest1andCulexMelerraticus
DyarandKnabformed72ofthetotalCulex
sppOnefemaleCulexMelpilosusDyarand
Knaboccurredintest1onlyIntest2among
CulexsppCxsalinarius435 CxMelerrati
cus301 andanigripalpus264 inthat

orderwereabundantwhileintest3CrMeler
raticus 685 outnumbered Cx nigripalpus
147 andCxsalinarius168

PsorophoraciliataFabriciusandPsorophora
columbiaeDyarandKnaboccurringinallthree
testscollectivelyformed482test1586test
2and34test3ofthetotalmosquitoesthe
latterspecieswasthesinglemostpredominant
mosquitocollectedinbothtests1and2Table1
AedessollicitansWalkerandAedesvexans
MeigenwerethemostabundantoftheAedes
sppmosquitoesThetotalnumberofAedesspp
collectedintests2and3amountedtoonlyoneand
nineadultsrespectivelyAedessppwhenmost
abundantformed17ofthetotalmosquitoesin
test1Anophelessppwerealsolesscommon
forming13ofthetotalmosquitoesintest1with
AnophelescruciansWiedemannbeingmoreabun
dantthanAnophelesquadrimaculatusSayTheto
talnumberofAnophelesspptrappedineachof
thetests2and3were 12adultsMansoniatitil
lansCqperturbansUranotaenialowiiTheobald
andUranotaeniasapphirinaOstenSackenalso
occurredinsmallnumbersTable1Proportions
offemalemosquitoesinallcollectionswerehigher
thanmalemosquitoesthetotalfemalescomprised
942920and627ofthetotalmaleandfemale
mosquitoescollectedintests12and3respec



tivelyTherelativeincreaseoftotalmalesintest3
373 wasprimarilyduetoCtMelerraticus
Table1

Thenumberofadultmosquitoesattractedto
eachlampcolorintensityortypeinthecombi
nationsoflampsusedinthethreetestsispresented
inFigure1asapercentoftotalmaleandfemale
adultsofthegeneraAedesAnophelesCulex
Psorophoraandthetotalmosquitoescollectedin
eachtestThenumbersofAedessppandAnophe
lessppcollectedintests2and3weretoosmallto
beincludedinFigure1Thelightintensityvalueof
eachlampisalsoshowninFigure1

ThehighestpercentofAedessppwasat
tractedtoBL353 andthelowesttoYL66
intest1Anophelessppwerecollectedinsignifi
cantlyhigherproportionswithBL547 fol

Species

Aedesinfinnatus
Aesollicitans

Aetaeniorhynchus
Aetriseriatus

Aevexans

Anophelescrucians
Anquadrimaculatus
Coquillettidiaperturbans
CulexMelerraticus
Cxnigripalpus
CxMelpilosus
Cxsalinarius

Mansoniatitillans

Psorophoraciliata
Pscolumbiae

Uranotaenialowii

Usapphirina

Totals

Test1

d 2

0 0

0 28

0 0

0 1

1 14

4 26

0 3

0 0

3 85

18 560

0 1

10 549

0 10

12 35

98 1080

1 1

0 1

147 2394
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lowedbyGL209 whilenoneoccurredatRL

duringthetestTherewerenosignificantdiffer
encesbetweenAnophelessppcatchestakenbyWL
92 YL76 andOL76 Culexspp
comprising 45eachofCxnigripalpusandCx
salinariusweretakenthemostwithYL288
thenBL223 andtheleastwithOL44
MostPsorophorasppcomprisingof 96Ps

columbiaewerecaughtusingBL32 andRL

29 whilenosignificantdifferenceswerefound
betweentheircatcheswithWL92 YL82
OL70 andGL146 Thehighestnumbers
ofadultmosquitoeswerecapturedwithBL
293 andthelowestwithOL59 inthe

combinationofdifferentlampsintest1
CulexsppCxsalinarius44 CxMeler

raticus30 andCxnigripalpus26 wereat

Table1SpeciesandnumbersofadultmosquitoescollectedfromNewJerseylighttrapsfittedwithvarious
colorandwattagelampsusedinthreeseparatetestsconductednearalakeinSeminoleCountyFLJuly
October1984

Test2

d 2

0 0

0 1

0 0

0 0

0 0

0 13

0 2

0 1

3 62

0 57

0 0

0 94

0 8

0 2

44 300

0 3

0 0

47 543

aNumbersofaspeciesgivenundereachtestarethetotalnumberofallreplicatesofthetest

Test3

d 2

1 1

0 5

0 1

0 0

1 0

3 6

0 14

0 2

153 127

4 56

0 0

28 41

2 54

1 2

3 12

0 3

3 10

199 334
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Figure1Attractionofadultmosquitoesinthe
fieldtosixdifferentcolor100Wincandescent

lampstest1tosixdifferentcolorincandescent
lampsofdifferentwattagetest2andtothree60
Wwhiteincandescentandthree60Wwhite

fluorescentlampstest3Thebarsrepresentthe
percentageofadultsattractedtoeachlampwhile
thelinegraphsindicatethelightintensityofeach
lampinatestcombinationTheWY0BGand
Rindicatewhiteyelloworangebluegreenand
redincandescentlampsrespectivelywhileF
indicateswhitefluorescentlampIntest2the
lampswere25 40 40 100 100 and100W
respectively

tractedinalmostequalproportionstoWL23
OL24 andBL23 butweresignificantly
lessnumerousatRL4 intest2Figure1
Therewerenosignificantdifferencesbetween
Psorophoraspp99Pscolumbiaeattractionto
differentlampsusedintest2althoughBL21
caughtthemostandYL12 caughttheleast
Thecatchesoftotalmosquitoestakenbydifferent
lampstest2werenotmarkedlydifferent

Thestatisticalcomparisonsofadultcatchesby
FLandWLintest3showedsignificantlyhigher
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catchesofCulexsppCxMelerraticus68 Cx

salinarius17 andCxnigripalpus15 byFL
whilePsorophoraspp83Pscolumbiaeshowed
nosignificantpreferenceforeitherlampMansonia
titillanshoweverwastakeninsignificantlyhigher
numbersatFLandthetrendwasthesamefor
totaladultmosquitoestakenintest3

Theresultsofweightedleastsquarederror
regressionanalysisforthethreetestsarepresented
inTable2 IntensityF0401and133df
P0999wasnotanimportantfactorforlamp
preferenceintheanalysisoftests1and2Terms
involvingdifferencesinresponseamongthegenera
F21538and133dfP0001betweenthe
gendersF9869and133dfP0001and
amongthecolorsF5147and133dfP0001
wereallhighlysignificantThisimpliesthatthe
patternofresponsetothelamptypeswasdifferent
amongthegeneraandgendersinatleastsomeof
thegeneraIngeneralBLtendedtoattractthe
greatestnumberofadultmosquitoesparticularly
AedesandAnopheleswhilePsorophorasppwere
asmuchattractedtoRLastoBLandCulexspp
showedapreferencetoBLoverRL

Theanalysisoftest3Table2indicatedthat
FLtendedtoattractsignificantlyF39531and
46dfP0001moreadultsthantheincandescent
WLTheslightpreferenceforFLmayhavebeen
duetogreateremissionoflightinbluewavelengths
bytheFLbasedupontheresultsoftests1and2

Theresponseofadultmosquitoestocolored
visualstimuliwasmoretowardsdarkthantowards

lightcolorsHowlett1910Eckstein1920thede
scendingorderofpreferenceofcolorsbyAnophe
lesmaculipennisMeigenwasredvioletyellow
andwhiteBrighenti1930Brett1938showed
thatAedesaegvptiLpreferredblackwhilelight
yellowishkhakiandyellowwerelessattractive
HoweverMagnumandCallahan1968showed
thatAeaegyptipreferredthenearinfraredregion
Brown1954alsoobservedthatdarkredwasthe
mostattractiveforAedessppmosquitoesfollowed
bydarkbluelightredandpurpleHostseeking
femaleAedescantatorCoquillettAedespunctor
KirbyandCqperturbansgenerallyweremore
attractedtolowintensitycolorssuchasblue
blackandredthantohighintensitycolorssuchas
whiteandyellowthestrongestresponsewasshown
tobluegreenBrowneandBennett1981Gilbert
andGouck1957foundthatthedarkershadesat
tractedthemostAeaegyptiwhilethelighter



Table2Weightedleastsquarederrorregressionanalysisforfieldstudiesonadultculicidattractiontoartificial
light

Lampcoloror Sourceof Changein F

typecombination variation weightedSS df

Tests1and23131adultscaught

WLYLOLBL Intensity 58 04 01
GLRL I 1133

Lampcolor 5255 514 106

CCxI 7133

Sex 12949 986 261

SxISxCSxCxI 9133

Genus 11938 215 241

GxIGxCGxSxI 38133
GxSxCGxCxI

WLFL

Residual 19407 391

Lamptype
L

Sex

SxL

Genus

GxLGxSxL

Residual

Significantatthe99confidencelevel

Test3533adultscaught

519 3933 315

288 1097 175

238 151 144

1246

604 366

aTermsaddedtologlinearmodel areinparentheses

b
oftotalweightedsumofsquaresaccountedforbytheindicated sourcesofvariation
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shadesattractedthemostAedestaeniorhynchus
Wiedemannindicatingthatdifferentspeciesof
thesamegenusmayresponddifferentlytothe
samevisualstimuliConverselySippleandBrown
1953showedthatcertainbehavioralresponses
weresharedbyavarietyofmosquitoesThuscom
parisonsofvariousstudiesandgeneralizationsof
adultmosquitoresponsetocoloredvisualstimuli
shouldbemadewithgreatcautionparticularly
whentheCulicidaecontainshundredsofspecies

Earlierfieldobservationsontheresponseof
flyingadultmosquitoestocoloredlightshadshown
thattheygenerallyweremoreattractedtoultravi
oletorbluelightsHeadlee1937Breyev1963
Jiqunetal1984Theresultsobtainedinthepre
sentstudyarecompatiblewiththoseofHeadlee
1937Breyev1963andJiqunetal1984
AedessppAnophelessppPsorophorasppandto
somedegreeCulexsppshowedapreferencefor
bluecoloralthoughminorpreferencestoother
colorswerealsoshownasalreadyexplained

Resultsofthepresentstudysuggestthatin
order to collect larger numbers offlying
mosquitoesblueincandescentorwhereverpossi
blefluorescentlampsshouldbeusedinthelight
traps
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ALABORATORYEVALUATIONOFLAGENIDIUMGIGANTEUMINWATERFROM

CONTRACOSTACOUNTYCALIFORNIAMOSQUITOSOURCES

VickiLKramer

ContraCostaMosquitoAbatementDistrict
ConcordCalifornia94520

ABSTRACT

TheoomycetousfungusLagenidiumgi
ganteumisapromisingmicrobialcontrolagentfor
mosquitolarvaeIthasbeenevaluatedinavariety
ofhabitatsandhasdemonstratedtheabilitytore
cycleinnatureLgiganteumdoeshoweverhave
somerestrictiveenvironmentallimitationssuchas
alowtoleranceoforganicwaterpollutionand
salinity

GiventheenvironmentalconstraintsofLgi
ganteumtheprimarypurposeofthisstudywasto
determinethroughlaboratoryexperimentsin
whichContraCostaCountyhabitatsthefungus
couldpotentiallycontrolmosquitolarvaeAsec
ondobjectivewastocorrelatetheefficacyofthe
funguswithcertainwaterqualityparameters

TheefficacyofLgiganteumwasevaluatedin
sixseparatelaboratorybioassaysovera3month
periodWaterandmosquitolarvaewerecollected
fromavarietyofhabitatssuchascreeksmarshes
irrigatedpasturesartificialcontainersandawild
ricefieldWaterfromeachsourcewasplacedinto
sixplasticcupsand10secondorthirdinstarlarvae
fromthesamesourcewereaddedtothecups
Threeofthecupswereinoculatedwithfrom2to
10mloftheasexualstageofLgiganteumand
threecupswithoutinoculumservedascontrols
Lagenidiumgiganteumwasalsoevaluatedindis
tilledwaterduringeachofthesixbioassaysThree
dayspostinoculationdeadlarvaewereindividually
examinedunderacompoundmicroscopeforfungal
infectionandthemortalityduetoinfectionbyL
giganteumwascalculatedAsampleofwaterfrom
eachsourcewasanalyzedduringthelastfive
bioassays

Thefungusinfected100ofthelarvaefrom
theonecreektestedandthedistilledwaterduring
thefirstbioassayTherewasnolarvalmortality
duetothefungusinwatercollectedfromtheirri
gatedpastureormarshes

Duringthesecondbioassaymorethan90
ofthelarvaeinwatercollectedfromtwoofthefive

creekstestedthewildricefieldandthedistilled
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waterweredeadandpackedwithsporangia
Therewasnolarvalmortalityinwatercollected
fromirrigatedpasturesormarshesInfectionof
larvaebyLgiganteumcorrespondedtolowmea
surementsofturbidityconductivityandtotaldis
solvedsolidsTheotherwaterqualitiesanalyzed
pHhardnesssalinityphosphateconcentration
andchemicaloxygendemanddidnotcorrespond
toLgiganteummortalityrates

NolarvalmortalityduetoLgiganteuminfec
tionwasshowninwaterfromanysourceorinthe
distilledwaterduringbioassays3and4

MortalityduetoLgiganteumwasevidentin
larvaefromthreeofthesevencreekstestedtwoof
thethreeartificialcontainersandthedistilled
waterduringthefifthbioassayThefunguswasnot
effectiveinwaterfromtheoneirrigatedpasture
andmarshtested Lowmeasurementsofwater

hardnesscorrespondedtohighlevelsoflarval
mortalityduetoLgiganteum

DuringthefmalbioassayLgiganteumin
fectedlarvaefrom11ninecreekstwoartificial
containersofthe14sourceswith90mortality
Therewasnolarvalmortalityduetothefungusin
waterfromoneartificialcontaineronecreekor
theirrigatedpastureFivewaterqualityparame
tershardnesstotaldissolvedsolidsconductivity
chemicaloxygendemandandammonianitrogen
werelowerfromsourceswithlarvalmortalitydue
toLgiganteumthaninwaterfromsourceswithno
fungalinfectionTherewaslittlecorrelationbe
tweensalinityphosphateconcentrationorturbid
ityandLgiganteummortalityrates

WaterqualityclearlyaffectstheabilityofL
giganteumtoreleasezoosporesandinfectmosquito
larvaeThusthefungushasthepotentialtocontrol
awiderangeofmosquitospeciesincreeksartifi
cialcontainersandothersourceswithrelatively
cleanwaterThefunguswasnoteffectiveineither
irrigatedpasturesormarshesinContraCosta
County



CHAETOTACTICANALYSISOFTWOSPECIES

INTHEANOPHELESMACULIPENNISCOMPLEXINCALIFORNIA

Introduction

TherearethreemembersoftheAnopheles
maculipenniscomplexinCaliforniaAnopheles
freebomiAitkenAnophelesoccidentalisDyarand
KnabandAnopheleshermsiBarrandGuptavanij
Anophelesfreebornihaslongbeenrecognizedasan
importantvectorofmalariainCaliforniaMoore
1945Anopheleshermsiwasimplicatedrecentlyin
malariatransmissioninSanDiegoCountyTurley
etal1986Cope1989andAnoccidentalisislim
itedtothecoastalregionsandonlyrarelytakes
humanbloodmealsBohartandWashino1978

AdultsofAnhermsiandAnfreeborniare
morphologicallyidenticalTheonlywaysknownto
distinguishthesetwosiblingspeciesisbydiffer
encesintheribosomalRNApersonalcommuni
cationDrFrankCollinsCDCorbycross
breedingwithknownreferencecoloniesandlook
ingforsterilityinthebackcrossoftheF1genera
tion

JNBelkinandWAMcDonalddeviseda

chaetotaxickeyinthe1950stodifferentiatethe
immaturesofthesetwospeciesItwasthepurpose
ofthisstudytomeasuretheabilityofthisunpub
lishedkeytodifferentiatealargesampleofthese
twospeciesfromawidegeographicarea

MaterialsandMethods

Fieldcollectionsofimmaturestageswere
madethroughoutsouthernCaliforniaduringthe
summermonthsof1987and1988Larvaewere

rearedinthelaboratoryatroomtemperaturein
panscontainingtapwaterPupaeweretransferred
toonegallonadultrearingcagesMatedfemales

1DepartmentofEntomologyUCLASchoolofPublicHealth
CenterforHealthSciencesLosAngelesCA90024

2LtMSCUSNRUSNavyDiseaseVectorControlCenter
NASBox43JacksonvilleFL32212

BLKunzSECopeandRJStoddard

ABSTRACT

AchaetotactickeywasevaluatedtodistinguishtheimmaturesofAnopheleshermsi
andAnophelesfreebornibothoftheAnophelesmaculipenniscomplexDipteraCulicidae
Thekeycorrectlyidentified90and91oftheindividuallarvaeandpupaetestedrespec
tivelyWhenanaverageofindividualsfromeachlocationwasusedthekeyidentified100of
thepupaecorrectly

90

wereofferedahumanbloodmealThechromo

somesoftheovariannursecellswereexaminedby
themethodsofMenchaca1986andMorrison
1985

Afteridentificationtospeciesthecolonywas
fedagainand100200firstinstarlarvaewere
rearedinpansEarlyfourthinstarlarvaewere
killedinhotwaterandtransferredtoalcohol

Newlyemergedpupaewereplacedinwaxpaper
cupsSoonaftereachadultemergeditsexuviae
weretransferredtoalcoholPermanentslideswere

preparedusingbalsam
Thetotalnumberofbranchesofeachhair

thatwasexaminedwascountedbilaterallyifone
hairwasmissingthenumberofbranchesonthe
remaininghairwasdoubledForlarvaethe
branchesofventralhair13onthethirdsegment
anddorsalhair2theantipalmatehaironthe
fourthfifthandsixthsegmentsweresummedto
givealarvalindexForpupaethebranchesofhairs
2and5onthethirdsegmentandhair2on
thesixthsegmentweresummedtogiveapupalin
dexSlideswerereadblindlyaseachcolonywasas
signedanumberbeforeanalysis

Results

CollectionsidentifiedasAnhemtsiwere

madefrom32locationsextendingsouthintonorth
ernBajaCaliforniainMexiconorthtoSanLuis
ObispoandeasttoLakeHemetinRiverside
CountyAnophelesfreeborniwerecollectedfrom
11locationsintheSanJoaquinandOwensValleys
Figure1

Atotalof369Anhermsiand164Anfree
bornilarvaewasanalyzedAcomparisonofthe
distributionofthelarvalindexforeachspeciescan
beseeninFigure2ThemeanlarvalindexforAn
hermsiwas2627witharangeof1541andastan
darddeviationof346Themeanlarvalindexfor
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Anfreebomiwas3693witharangeof2248anda
standarddeviationof490Thedifferenceofthe

meansis1066andthepvaluefromattestisp
000001

Pupalindicesof393Anhermsipupaefrom31
collectionsand168Anfreebomipupaefroml0
collectionsareshowninFigure3Themeanpupal
indexforAnhermsiis2751witharangeof1938
andastandarddeviationof344Themeanpupal
indexforAnfreebomiis3943witharangeof28
51andastandarddeviationof505Thedifference

ofthepupalmeansis1192andthepvaluefroma
ttestisp 000001

Thekeywastestedfordifferentiatingboththe
larvaeandpupaeForpupaeTable1thecutoff
numbersuggestedbyBelkinandMcDonaldless
than33forAnhermsiand33orgreaterforAn
freebomiwasusedThiscorrectlyidentified913
oftheAnhermsiand917oftheAnfreebomi
individualsThekeywasusedtodifferentiatethe
populationsbythemeanpupalindexfromeach
collectionlocationItcorrectlyidentified100of
boththeAnhermsiandAnfreebomipopulations

Table1Percentofpupaecorrectlyidentified

Anopheleshermsi
INDIVIDUALPUPAE

33 913359393

PUPAEBYCOLLECTIONLOCATION
33 1000 3131

Table2Percentoflarvaecorrectlyidentified

Anopheleshermsi

INDIVIDUALLARVAE
28 699258369

31 902333369

LARVAEBYCOLLECTIONLOCATION
28 874 2832

31 969 3132

92

Thecutofftodistinguishlarvaeusingthelar
valindexTable2suggestedbyBelkinand
McDonaldwaslessthan28forAnhermsiand

greaterthanorequalto28forAnfreebomiThis
identified699oftheindividualsand874of
thepopulationsofAnhennsiand970ofthe
individualsand100ofthepopulationsofAnfree
bomi ThesensitivityofthekeytoidentifyAn
hermsicanbeincreasedwithoutgreatdetrimentto
thesensitivityforAnfreebomiwhenthecutoffis
movedtolessthan31forAnhermsiand31or
greaterforAnfreebomiThisnewcutoffcorrectly
identified902ofbothAnhermsiandAnfree
bomiindividualsand969and909oftheAn

hermsiandAnfreebornipopulationsrespectively

Discussion

AlloftheAnhermsicollectionsanalyzedin
thisstudywerefromthesouthernthirdofthe
StatefromSanLuisObispoCountysouthThere
wasnonorthsouthorcountybycountytrendin
thedataforeitherAnhemzsiorAnfreebomi

Thelargestatisticaldifferenceinboththelar

Anophelesfreebomi

33 917154168

33 1000 1010

Anophelesfreeborni

28 970159164

31 902148164

281000 1111

31 909 1011



valandpupalindicessubstantiatetheworkdoneby
BelkinandMcDonaldWefoundthatthekeycor
rectlyidentifiedmoreindividualsandcollections
whenthecutoffpointwasrevisedupwardfrom28
to31 Thelargerdifferenceinthemeansand
feweroutliersmakethepupalindexabettertool
fordifferentiatingthetwospeciesThespecificity
ofthekeyisincreasedwhenmultipleindividuals
fromapopulationaresampledThismakesthe
keyusefulforidentifyingunmixedpopulations
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ESTIMATIONOFABSOLUTENUMBERSOFDAMSELFLYPOPULATION

DENSITIESBYDIPPINGSAMPLINGDATA

TakeshiMiura

Estimatesofrelativeandabsolutedensitiesin
ricefield populations of damselfly nymphs
predominantlyEnallagmacivilewithfewIschnura
denticollisandIcervulawerecomparedusingre
gressionmethodEquationX Y 0016allows
estimationofabsolutedensityXfromrelative

UniversityofCalifornia
MosquitoControlResearchLaboratory

9240SRiverbendAve

ParlierCalifornia93648

ABSTRACT
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densityindexYdippercountInthericegrow
ingareaofFresnoCountynymphalpopulation
peaksappearedduringJulyandAugustap
proaching3to5millionsperacrePresenceof
submergedvegetationNajasspandCharasp
markedlyaffectedpopulationdensityofnymphs



ESTIMATIONSOFGENENUMBERHERITABILITYANDDOMINANCEIN

QUANTITATIVEINHERITANCEWITHSPECIALREFERENCETOHYMENOPTERA

EFLegner

Introduction

Itisincreasinglyapparentthatmanybehav
ioralandmorphologicaltraitsininsectsandother
animalsareundertheinfluenceofpolygenicsys
temsinwhichinheritanceisquantitativeFalconer
1981Lande1981Gardner Snustad1984
Legner1988abc1989Polygeneseachexerta
slighteffectonthephenotypebuttheygovernto
getherwithseveralormanyothergenesaquanti
tativetraitFalconer1981Goodenough1984
Examplesincludedegreesofresistancetoinsecti
cidesRaymondetal1986fecundityandgregari
ousovipositionLegner1987a1988ashapeofthe
headinDrosophilaVal1977eyediameterinfish
Wilkens1971andhumanskincolorHarrison
Owen1964

Whentwopopulationsofaparticularspecies
demonstratedifferentdegreesofatraitegresis
tancevssusceptibilitytoinsecticidesthenumber
ofindependentandadditivegenesinvolvedina
polygenicsystemmaybeestimatedfromthemeans
andvariancesshowninisogenicparentalF1F2
andbackcrossedcohorts

Becausedominanceandlinkagecaninfluence
themagnitudeofphenotypicexpressionofapar
ticulartraittheactualnumberofgenesmaybe
correspondinglyhigherthantheestimatesderived
Alsobecausethemaximumnumberofgenescan
notexceedthenumberofchromosomalsegments
segregatingindependently in one generation
Lande1981itisimportanttoknowtherecombi

nationindexDarlington1937whichisderived

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521

ABSTRACT

Insecticideresistanceparasitizationratesandotherbehaviorareoftengovernedby
polygenesininsectsAMicroscoftBASICcomputerprogramwasdevelopedtoestimategene
numberdominanceandheritabilitySpecialconsiderationsarepresentedforhaplodiploid
systemsasfoundinHymenoptera
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fromthehaploidnumberofchromosomesplusthe
meannumberofrecombinationeventspergamete
Therecombinationindexisgenerallyonlyafew
timesthehaploid number ofchromosomes

Darlington1937White1973King1975Lande
1981andthusoftenmaybeestimatedwithout
cytologicalinvestigations

Varyinglevelsofsophisticationarerequired
toobtainthenecessarydataforestimatingmini
mumgenenumberdominanceandheritability
dependingonthespeciesandtheirbreedingsys
tems Howeverthecalculationsandconsidera
tionsareoftenbeyondthescopeofmanybiologists
Thispaperpresentsaprogramtocomputethe
minimumnumberofactivegeneticlociforquanti
tativetraitsininsectsaswellasestimatesfor
dominanceandheritabilityinthebroadsenseThe
reliabilityoftheestimatesisqualifiedwithinflu
encesofdominancelinkageandothergenetic
phenomenaInfluencesoftheexperimentalenvi
ronmentareestimatedbyacalculationofthecoef
ficientofheritability

Procedure

Theminimumnumberofindependentgenes
withadditiveeffectsthatcontributetotheexpres
sionofquantitativetraitssuchasmultipleoviposi
tionandfecunditycanbeestimatedfromthe
meansandthevariancesofthecharacterinthe

parentalcohortstheirFiandF2offspringand
backcrossingdatabyapplyingWrightsCastle
1921formula



nE PP2 lP1

nE

P1

P2

a2s

n

effectivenumberofgen

eticfactors

meanofparentalcohort1

meanofparentalcohort2

differenceinvariances

betweencomparedgenera

tions

seeLande1981

Fourestimatesandtheirstandarderrorscan

bemadeaccordingtoLande1981asfollowsnE1
considersF1andF2variancesnE2theF1F2Pi
andP2variancesnE3theF2andfirstandsecond
backcrossvariancesandnE4theF1PiP2and
firstandsecondbackcrossvariances

Assumptionsnecessaryfortheaccurateappli
cationofWrightsmethodenumeratedbyLande
1981andWright1952arethatthetwoparental
populationshavehomologousgenesequencesso
thatthereisnopostmatingreproductiveisolation
duetochromosomalrearrangementsanynumber
andfrequenciesofallelesareallowedateachlocus
withintheparentalpopulationsandthelociorseg
regatingfactorsarenotlinkedandinrandomcom
binationineachparentalpopulationwithnosig
nificantselectionduringtheexperimentAlsoall
matingindividualsmustbechosenatrandomfrom
therespectivepopulations

Becausetheinheritancemustbemeasured

statisticallyonlyaveragesandvariancesbeingcon
sideredcytoplasmicinfluencesgeneandenviron
mentalinteractionsepistasisetcareincludedin
theaveragesandvariancesAlsogenesmaynotbe
equalintheirinfluenceonthephenotypeThere
foreeventhoughmodelsthatestimatethenumber
ofgenesbasedontheassumptionofequaleffects
areoversimplifieditisnecessarytomakethisas
sumptionwhenthedegreeofinfluenceofindivid
ualgenesisunknownGardner Snustad1984
Suchinterferencesifpresentgenerallybiasgene
numberestimatesdownwardhowever

AnalysisScalesThescalesforanalysisshould
guaranteeadditivityofthemeanphenotypesinFi
F2andbackcrosspopulationsandthereshouldbe
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alinearityofPiFiandP2varianceswhenplotted
againsttheirmeanswiththeextravariancesegre
gatinginbackcrosspopulationsbeingabouthalf
thatintheF2Lande1981Thebestscalefor
analysisisoneonwhichtheeffectsofbothgenetic
andenvironmentalfactorsareasnearlyadditiveas
possibleWright1952althoughbecauseofa
complexofgeneticandenvironmentalfactors
theseeffectsareingeneralnotwhollyadditive
Wright1968Alogarithmicscaleisindicatedif
thecoefficientsofvariabilityofisogenicstrainsand
theirFisareallthesameWright1952Whenever
interactioneffectsexisthowevernosingletrans
formationcansatisfyallavailablecriteriaofaddi
tivity

Transformationsfordatamaybeselectedwith
theprocedureoutlinedinWright1968Standarll
deviationsareregressedintermsofmeansanion
inbredparentalcohortsandtheirFisinorderto
derivearegressionformulaY a bxThenthe
relationshipabsuggeststhetransformationfunc
tionielogX abOtherkindsoftransfor
mationsmaybeappropriateforparticularsitua
tionstheprimaryfunctionbeingtoproduceaddi
tivityamongthevalues

SpecialConsiderationsForHymenoptera
Becausetheseformulaewerederivedfordiploid
diploidsystemstheirapplicationtohaplodiploid
situationspresentssomeuniqueconsiderations
abouttheformationofrecombinantmalesintheFi
generation Althoughnormaloogenesisinar
rhenotokousHymenopteradoesnotdeviatefrom
thatfoundinotherdiploiddiploidorganismshy
menopteranspermatogenesisishighlymodified
Crozier1975Becausehymenopteranmalesare
haploidmarkedmodificationsofspermatogenesis
arenecessarytoensurethatabalancedsetof
chromosomesistransmittedviathespermThe
principaldifferenceisthatthefirstdivisionis
somewhatabortivewithnokaryokinesissothat
thereisonlyonetruedivisionanequationalone
Crozier1975InmostHymenopterathesperm
ofanyonehaploidmaleareidenticalatleastinthe
geneticcomponentstheycarry

Consideringahypotheticalhymenopteranex
ampleinvolvingtwolociinwhichparentalcohorts
arehomozygousfordifferentallelesateachlocus
theF1generationoffemaleswouldbeallgeneti
callyidenticalandheterozygous Assumingthat
thelociinquestionareunlinkedeachF1female
wouldbecapableofproducingfourkindsof



gametesABABABandABinequalpropor
tionsSimilarlyvirginF1hymenopteranfemales
producefourhaploidandgeneticallydistinctmales
fromunfertilizedeggsABABABandAB
TrueFimalesmaythenonlybederivedfromF1
femalesandtheF2generationobtainedonlyby
experimentallystaggeringthegenerations How

ever50ofthesemaleswouldbeoftheparental
genotypesegAB ABasopposedtononeof
theF1femalesInthiswaytherecombinantFi
hymenopteranmalesdifferfromdiploiddiploid
systemstherearedifferentkindsofgenotypesde
pendingonthenumberofactivelociThusthereis
notrueF1generationforhaploidmalesasthereis
fordiploidfemales

WhencrossingFifemaleswithmalespro
ducedbythatgenerationeachfreelivinghaploid
F1maleproducesonlyasingletypeofgamete
butamongthepopulationofmalespresentallga
metesthatareproducedbytheFihybridfemale
alsowillberepresented Howeveratthispoint
eachofthedifferentkindsofmalesfourinthe
aboveexamplemusthaveequalmatingadvantage
whichmustbeguaranteedegbymanualrandom
selectioninorderfortheWrightmodelofrandom
recombinationtoholdAlsowherelargenumbers
ofgeneticlociareinvolveditisessentialtohavea
sufficientnumberofreplicatestoensurethatthe
largernumbersofmalegenotypesaregivenequal
statisticaladvantageBecauseofthepreviously
mentionedmatinginfluencesonfemalebehaviorit
isadvisabletouseonlyvirginfemalestomeasure
thequantitativetraits

Haplodiploidhymenopteransystemsalso
presentasituationinwhichthewholegenomeis
essentiallysexlinkedToovercomesexlinkagein
fluencesdatafromreciprocalF1populationsand
theF2populationsderivedfromthemmaybe
pooledtoachievethesamecompositionasforau
tosomalgenesinadiploidspeciestowhich
Landes1981formulasapply

CoefficientofHeritabilityEstimatesofthe
coefficientofheritabilityinthebroadsense
geneticvariance totalvariancecanbemade
usingtwomethodsThefirstmethodHassumes
thatinbredparentsandtheF1aregeneticallyho
mogenoussothatallvarianceobservedthereinis
duetoenvironmentalinfluenceAnoverallvalue

forenvironmentalvarianceisderivedbyaveraging
thevariancesfortheparentsandtheF1Thisvalue
subtractedfromthetotalvariancerepresentedby
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theF2variancegivesanestimateofgeneticvari
anceGoodenough1984ThesecondmethodH2
simplyusesonlytheFivarianceasanestimateof
environmentalinfluenceandispreferableifthe
twoparentalvariancesaregreatlydivergentThese
estimatesareincludedintheprogramshownin
AppendixI

Heritabilityinthemorenarrowsensemaybe
calculatedinotherwaysusingregressionanalyses
whichmaybemoreappropriateforcertainbreed
ingsystemsasdiscussedbyHazel Terrill1948
Kleinetal1973Falconer1981Hellmichetal
1985andOwen1989

DominanceLevelThedominancelevelD
intheF1progenymaybeestimatedusingtheindex
ofStone1968whichwasderivedformonofacto
rialcasesbuthasbeenusedinpolygenicsystems
Raymondetal1987TheP 005confidence

limitsarederivedfromformulaeinMisra1968
TheparameterDmayvarylinearlyfrom 1in
dicatingcompletedominanceto1indicating
completerecessivityand0indicatingperfect
codominance

Stones1968formula

Dm2logF1logPilogP2logPilogP2

maybeappliedtountransformeddataforavalue
thatlatercanbecomparedtovaluescomputed
fromtransformeddataDisoftenreducedfollow

ingalogtransformationandmayserveinpartto
judgetheacceptabilityofsuchtransformations

Thefollowingisanannotatedlistingof
OENEESTBAS thatsummarizesquantitative

dataandcomputesestimatesofgenenumber
dominance and heritability Appendix I
GENEESTBASwasdevelopedonaDigital
Rainbow100microcomputerZ80A4MHzcpu
128KRAMItiswritteninMicrosoftBASICfor
machinesusingtheMSDOSandCPMoperating
systemsExecutiontimeforcalculationvarieswith
theamountofdatafromca5to45secondsThe

escapesequenceCHR274wsetsadotmatrix
printertoahorizontalpitchof165charactersper
inchLaserprinterswillrequireadifferent
sequenceegtheHewlettPackardLaserjetSeries
II responds to CHR27 k2S with

CHR27EinsertedbeforetheprogramEND
TheprogramrequiresentriesforP1P2F1

F2B1andB2dataWhentherearenodataavail
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ableforoneofthesecategoriestheusermusten
terafewdummyvaluesforcomputationtopro
ceedAlsoallrawdataentriesmustcontainsome
variation

Includedisoneexampleofatransformation
tothelogioXwhichmaybemodifiedtosuitthe
particularsetofdatabeinganalyzedbyadditionsor
subtractionstothevalueXAnynegativevalue
enteredmustleavetherawdata 0

Rawdataarestoredinafilenamed
GENEDAT whichmayberenamedasde
siredWhenalldataforaparticularcohorthave
beenenteredthecomputerprintsthenumberof
observationsgrandtotalmeanvariancestandard
deviationstandarderrorandcoefficientofvari
abilityforthosedataWhendatafromallcohorts
havebeenenteredasummarizedaccountisgiven
togetherwithestimationsofgenenumberdomi
nanceandheritability

Anexampleprintoutforacrossbetween
solitaryandgregariouspopulationsoftheSouth
American parasitoid Muscidifurax raptorellus
Kogan LegnerisgiveninAppendixII
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AppendixII

GREGARIOUSOVIPOSITION POOLEDCHILE PERULINES

VALUESREPRESENTRAWDATAtransformedtoLOGX 3128

Population N mean variance

Parent1 18000 0495 1640959E06

BackcrosstoP1 20000 0787 4508731E02

F1 20000 1358 7638136E03

F2 23400 1312 7696298E02

BackcrosstoP2 20000 1817 1093634E02

Parent2 18000 1792 2912366E02

HERITABILITYH 8557696

HERITABILITYH29007558

VariancesConsidered

N1 3033752 318764 F1 F2data

N2 319323 3530633 F1F2P1 P2data

N3 2148206 331117 F2B1 B2data

N4 6218114 9174555 F1P1P2B1 82data

DOMINANCEcomputedfromrawdata 8002845 Thereisalmostcompleterecessivity

ofthetraitshowninParent2

DOMINANCEcomputedfromtransformeddata 569853

Thusvariabilityofthetraitwasinfluencedgenotypicallyby
8557696 9007558
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MIGHTWARYGENESATTENUATEAFRICANIZEDHONEYBEES

Africanhoneybeesorkillerbeesasthey
frequentlyarecalledareencroachingonthe
UnitedStatesfromMexicoPredictionsplacetheir
arrivaltimeinsouthTexasbyaround1991and
theirappearanceinCaliforniaandArizonaisex
pectedshortlythereafterprobablyby1993see
Taylor1985

Apublichealthproblemmaybeexpected
withinayearoftheinvasionaspeoplebecome
awareofthesebeesandsuccumbtotheirattacks

Howeverstudiesonhoneybeebehaviorathigher
latitudesinSouthAmericasuggestthatthepublic
healththreatisnotasgreatasthesebeesnotoriety
Taylor1985Neverthelessmosquitoabatement
districtsinCaliforniawillundoubtedlybecalled
uponforinformationabouthowtodealwiththe
beesandperhapstoexterminateferalcolonies

Mostofthecharacteristicsthatdistinguish
AfricanbeesfromEuropeanbeessuchasaggres
sivenessearlydaymatingtimesdegreesofpollen
andhoneyhoardingetcarethoughttobequan
titativeandthereforeunderthecontrolofpoly
genicsystemsUnfortunatelybecauseofdifficulties
inherentinstudyingquantitativetraitsinhoney
beesknowledgeofthisphaseoftheirgeneticsis
scantInfactTaylor1985acknowledgedthat
thereisanoveralllimitedunderstandingofhoney
beegeneticsThuswereallycannotpredictwhat
willoccurfollowinghybridizationofAfricanand
Europeanracesbecausepracticallyallopinionsare
beingderivedfromtheirbehaviorinSouthAmer
icaKerretal1982McDonell1984Rindereret
al19821984Taylor1985Perhapssomeindica

EFLegner

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521

ABSTRACT

ThediscoveryinHymenopteraofagroupofgenescapableofpartialphenotypicex
pressioninfemalesfollowingmatingwithmalesofdifferentracessuggestsasearchbemade
forsimilargenesinhoneybeesIftheyarefoundtoexistinhoneybeestheymightbeem
ployedtoattenuateAfricanizedbeecoloniesHoweverpreintroductionasessmentsofresult
inghybridsareessentialtojudgelongtermeffectsofhybridizationandtoprecludethepossi
bleevolutionofevenmorenoxiousraces
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tionscanbeobtainedfromothergroupsofHy
menoptera

Agreatdealofinformationabouthy
menopteranquantitativeinheritancehasbeen
gatheredrecentlyfromparasiticwaspsinthegenus
MuscidifuraxthatattacksynanthropicDipteraFor
exampleinMuscidifuraxraptorellusKogan
LegneraSouthAmericanspeciestraitsforfecun
dityandotherreproductivebehaviorareunderthe
controlofapolygenicsystemLegner1987b
1988a1988b1989aMalesinthisspeciesareable
tochangethefemalesovipositionphenotypeupon
matingbytransferringanunknownsubstanceca
pableofevokingbehavioralchangesItappearsas
ifaproportionofthegenesinthefemalehavethe
phenotypicplasticityornormofreactionto
changeexpressionundertheinfluenceofthemale
substanceenvironmentTheintensityofthisre
sponseisdifferentdependingontherespectivege
neticcompositionofthematingpairLegner
1989aThusthegenesinvolvedwhichregulate
phenotypicchangesinthematedfemalecause
partialexpressionofthetraitstheygovernshortly
afterinseminationandbeforebeinginheritedby
resultingprogeny

Thebehavioralchangesaftermatingseem
permanentaswasrevealedbyincreasesorde
creasesintheresponsemaintainedfor16daysfol
lowingaparticularmatingLegner1987aandun
pubdataFurthermoresubsequentexperimen
tationshowedthereisnoswitchbackinbehavior

followingasecondmatingwithamaleoftheoppo
sitegenotypeLegner1989aandunpubdata



Suchgenesthatarecapableofphenotypic
expressioninthematedfemalebeforebeinginher
itedbyherprogenyhavebeencalledwarygenes
becauseoftheirpartialexpressionintheenviron
mentbeforechromosomalinheritanceinoffspring
Alsobecauseinheritanceofsuchgenesseemsto
occurinastepwisemannertheentireprocesshas
beenreferredtoasaccretiveinheritanceLegner
1988b1989a

Indeedtheabilityofthemalesubstanceto
switchapolygeniclocusonoroffinthemother
suggeststhatalocusmayexistintwostatesactive
andinactive Polygeniclocihavebeenthought
generallytobeoccupiedbydistinctgenescodedfor
afixedkindofexpressionWright1968However
Falconer1981hassuggestedthatvariantsofreg
ulatorygenesmayberesponsiblefortheexpression
ofpolygeniccharactersTheswitchingonoroff
hypothesisfitsinwiththisidea

Intheprocessofhybridizationwarygenesare
thoughttoquickenthepaceofevolutionbyallow
ingnaturalselectiontobegintoactintheparental
generationLegner1988a1989a Warygenes
whicharedetrimentaltothehybridpopulation
mightthusbemorepronetoeliminationandben
eficialonesmaybeexpressedinthemotherbefore
theappearanceofheractiveprogeny

Ifsuchasystemprevailsinhoneybeesgreater
importancecouldbeplacedondronesbecauseit
maybepossibleforAfricanorEuropeandronesto
conveydirectlytounmatedqueensofeitherrace
someoftheirownracialcharacteristicsTherapid
AfricanizationofEuropeanbeecoloniesinSouth
andCentralAmericacouldbeexplainedpartlyby
thisprocessalthoughearlydaymatingofAfrican
droneshasbeenconsideredprimarilyresponsible
Taylor1985

Itisadmittedlypresumptuousatthistimeto
infersimilaritiesinthegeneticsofgeneraApisand
Muscidifuraxandthepresenceofwarygenesin
bothSomespeculationseemsjustifiedwheresim
ilaritiesmightexisthoweverespeciallyasthereis
generalagreementthatpermanentcontrolofthe
Africanizedbeeswillprobablyinvolvegeneticma
nipulationandmatingbiologyTheCalifBee
Times1988Ifpresentwarygenescouldoffera
meanstotheabatementofthispotentiallysevere
publichealthpestHoweverthepossibleoccur
renceofsimilarhybridizationeventsinhoneybees
ashasbeenobservedinMuscidifuraxwoulddictate
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extremecautioninsettingintomotionanypro
cessesthatmightleadtotheformationofnew
racesAvailablemeansforidentifyinghybridized
coloniesandextirpatingAfricanizedqueensPage

Erickson1985Taylor1985aretediousandim
perfectWiththeunderstandingthathybridization
eventsandwarygenesofthekindfoundinMuscid
ifuraxhaveyettobesubstantiatedinApisthefol
lowingsuggestionsforAfricanbeeabatementare
tentative

ConsiderationsForDeployingWaryGenesin
Abatement

Warygenescouldbeusedtoinduceinqueen
beesimmediatebehavioralchangessuchasare
duceddispersaltendencygreatersusceptibilityto
wintercoldlowerfecundityorevenapreference
forsubsequentmatingstooccurintheafternoon
whenEuropeandronesaremostactive

Africanizedqueensthatmatewithdifferent
racesofEuropeandronesmightexhibitimmediate
postmatingdepressioninsomecasesaswasre
portedrecentlyinsomespeciesofMuscidifurax
Legner1988cHowevertheoffspringofcrosses
betweenAfricanqueensandcertainracesofEuro
peandronesmightbeexpectedtoshowheterosis
expressedasincreasedfecundityandstaminawhile
othercrossesinvolvingdifferentracesofEuropean
beesmightproduceanegativeeffectCrossesbe
tweenhybridqueensandhybridmalescouldresult
insuperactivequeensaftermatingfollowedby
evenmorehighlyactiveprogenyaswasobserved
recentlyinMraptorellusLegnerunpubdata

Selectionfavoringthesuperactivehybrids
wouldtendtoguaranteethesurvivalofboth
parentalracesandacontinuousformationofhy
bridbeesashasbeensuggestedforMuscidifurax
Legner1988cSuchaprocesscoulddirectevents
leadingtotherelativelyrapidevolutionofanew
race Asuperiorlyadaptedracemightdisplace
AfricanizedbeesandprevailintheareaOfcourse
thisracealsowouldhavetodisplaydesireable
characteristicsofhoneyproductionpollination
andnonaggressiontobeacceptable

MatingEuropeanqueenswithracesofdrones
fromferalnorthernEuropeanpopulationsmight
causesuchqueenstoacquireincreasedwintertol
eranceandgiverisetohybridsthathaveeven
greatertolerances Ontheotherhandhaving
dronesavailablethatpossessareducedwinter



tolerancecouldincreasewinterkill

Theselectionofappropriatepopulationsfor
intraspecificcrossesiscriticaltoavoiddetrimental
outcomesfromnegativeheterosisorhybriddysge
nesisaswellasundesirablepositiveheteroticbe
haviorsuchasanincreasedaggressiveness
Preintroductionassessmentsareessentialtoreveal

suchtendenciesseeLegner1988c
Theintroductionofalienallelesintoapopu

lationbyhybridizationutilizingnaturallyevolved
parentalpopulationswouldprobablybelessrisky
thanintroducinggeneticallyengineeredoneswhere
nonaturalselectionhasactedpriorlyResearchers
workingtoinjectlaboratoryengineeredproducts
intonaturalpopulationsshouldconsiderwhatkind
ofbehaviorwillbedemonstratedonceheterosis

hashadachancetoactUnlesstheengineered
populationscanbecompletelyisolatedreproduc
tivelyfromresidentwildpopulationsthereiscon
siderableriskinvolved

Wecouldimaginealotofotherpossibilities
Howeverthefirststepshouldinvolveamorethor
oughunderstandingofhoneybeegeneticsand
whetherornotenoughsimilarityexistswithknown
hymenopteransystemstoderivesafeandviable
strategiesCertainaspectsofgeneticsareasyet
unclearinHymenopterawhichwasdemonstrated
recentlywiththediscoveryofpaternalinfluencesin
malesLegner1989bHoweverthereisaclear
rationalefor preintroductionassessments as

presentlyadvocatedforparasiticHymenoptera
Coppel Mertins1977Legner19861988c
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DEVELOPMENTANDSURVIVALOFMOSQUITOESINANIPM

RICEMANAGEMENTPROGRAM

DeborahADritzSusanMPalchick

MichaelJPitcairnandRobertKWashino

Introduction

RicefieldsinnorthernCaliforniaaremajor
breedingsitesofCulextarsalisCoquillettand
AnophelesfreeborniAitkenIthasbeenobserved
inpaststudiesthatthelarvalabundanceofthese
mosquitospeciesvariesconsiderablyfromonefield
toanotherCaseandWashino1979Becauseof
thisaprojectwasinitiatedtoinvestigatefactors
whicharepotentiallyresponsibleforthistrend
Someofthosefactorsincludepredationedaphic
factorsandcropmanagementpractices

Initialstudiesuncoveredalackofcontinuityin
populationtrendsrelatedtopresenceorabsenceof
predaceousflatwormsfieldagewhetherornot
thefieldhadbeenpreviouslyplantedinricewater
sourcewellvsditchwaterandfieldpreparation
iecontourorlaserplaningwhichdecreasedthe
utilityofthesefactorsforpredictionoflarvalabun
dancePalchickandWashino1985Howeverthe
samestudyproducedpreliminarydataonanasso
ciationbetweenwatertemperatureherbicideuse
waterdepthandnumbersofmosquitolarvaeThis
providedimpetusforfurtherinvestigationswhich
wereconductedinexperimentalricefieldsincoop
erationwiththeUniversityofCaliforniaRiceInte
gratedPestManagementprogramWorkinex
perimentalplotseliminateduncontrolledvariation
inculturalpracticesfoundincommercialfieldsand
allowedustoconcentrateoureffortsonthefactors

ofwaterdepthandweedmanagementstrategies
Thispapersummarizestheresultsofapreliminary
analysisfortheyears1984through1987

MaterialsandMethods

StudysiteswerelocatedinColusaCountyin
1984and1985andinSutterCountyfrom1985
through1987Bothweredesignedsimilarlywitha
36plotfielddividedbyacentralirrigationcanal
forming18straightleveechecksoneithersideIn

1MetropolitanMosquitoControlDistrict2380WycliffStreet
StPaulMinnesota55114

DepartmentofEntomology
UniversityofCalifornia
DavisCalifornia95616
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Colusathechecksmeasured195mx1280m
whileSuttercheckswere305mx930monthe
untreatedsideand305mx1250monthetreated

side Fourwatermanagementregimeseg
depthwereusedshallow2576cminColusa
2551cminSuttermedium76127cmin
bothdeep127178cminColusa152203cm
inSutteranddiscontinuousfloodwhichwas
drainedandrefilled127178cminColusa152
203cminSutterThesewerearrangedrandomly
ineachofthreereplicatesThemajordifference
betweenthetwositesisthatColusahaduniform

herbicidetreatmentinall36plotswhileSutterhad
oneside18plotswhichremaineduntreated

ThesurvivorshipanddevelopmentofCx
tarsalisandAnfreeborniwereinvestigatedbyplac
inglaboratorystrainsoffirstinstarlarvaeofboth
speciesinto1gallonplasticscreenedcagesto
minimizeanyeffectfrompredationThe1984and
1985studieswerebasedontheextentoflarvalde

velopmentattheendofeithera7or12dayobser
vationperiodineachwatertreatmentIn1986and
1987larvaewereobservedcontinuouslyiedaily
untilpupalformationwasobservedPupaewere
thencollectedandheldforemergenceinthelabo
ratory Themeannumberofdaystakenfor
developmentfromfirstlarvalinstartopupaewas
determinedandresultsevaluatedforsignificant
differencesusingChisquareorDuncansmultiple
rangetestDippingwasusedtoassessthenative
larvalabundance

ResultsandDiscussion

ThelarvalsurvivalpatternTable1forCx
tarsalisshowedinconsistencyfromyeartoyearand
bystudysitesSurvivalwashighestindeepwater
plotsandlowestinshallowwaterplotsinthe1984
Colusastudies Thistrendwasnotobservedin

1985assurvivalinallplotsdidnotdifferThe1986
Sutterdatashowedthereverseofthe1984results

withlowestsurvivaloccurringindeepplotswhile
allotherwatermanagementregimesproduced



similarsurvival In1987therewashighlarval
mortalityin22ofthe48screenedcagespresum
ablyduetoloweringofwaterforherbicidetreat
mentbutobservationsofremaininglarvaeshowed
thehighestsurvivalpatternwasassociatedwith
deepwaterplots

Comparisonsbetweentheherbicidetreated
anduntreatedplotsfor1986through1987inSutter
showednorelationshipforCxtarsalis

ForAnfreeborninosignificantdifferences
forwaterorweedmanagementregimeswerefound
in1986In1987larvalsurvivorshipwasgenerally
lowinshallowwaterplotsandhighestindeep

Table1LarvalsurvivalforCxtarsalisandAnfreebomiinexperimentalricefieldswithvaryingwater
managementpracticesinColusaandSutterCountiesCA

Year

shallow

medium

deep
disc

Crtarsalis

shal med deep disc

1984 55 75 87 64
1985 65 72 56 74
1986 38 35 18 41

1987 12 03 24 09

11984x1801985x7201986x2701987x180

Table2MeanlarvaldevelopmenttimeforCrtarsalisandAnfreebomifromfirstinstar topupaein
experimentalricefieldswithvaryingwatermanagementpracticesinSutterCountyCA

1420Mgt Crtarsalis

Practice 1986 1987

1011a

989a

985a

947a

lmeanswithdifferentletters aresignificantp05

PercentageLarvalSurvival

1099a

983cb

930c

1037ab
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waterplotsthispatternwassimilartoCrtarsalis
in1984

LarvaldevelopmentforCrtarsalisatboth
fieldsitesin19841985and1987wasconsistently
moreretardedinshallowwaterplotsNoother
plotsshowedterminationoflarvaldevelopmentat
thethirdorearlierlarvalstagesineitherthe7day
1984or12day1985trialsIn1986thelarval
developmentpatterndidnotdiffersignificantly
amongthepopulationsinplotswithvaryingdepths
butin1987theresultsagainshowedslowestdevel
opmentinthepopulationsconfinedtotheshallow
plots

Anfreebomi

shal med deep disc

71 79 63

14 18 12

07 20 22

Anfreeborni
1986 1987

2179a 2247a

1956ab 2037a

1641b 1989a

1883ab 1954a

67

14

15



Nodifferencesinlarvaldevelopmenttime
wereobservedforCrtarsalisinplotstreatedwith
herbicidecomparedtountreatedplotsHowever
forAnfreebornidevelopmenttimewasmuch
shorterintreatedthaninuntreatedplots151and
302daysrespectivelyduringthe1987testsUn
liketheresultsobservedinpreviousyearsitap
pearsthattheheavystandofweedsespecially
barnyardgrassEchinochloacntsgalliLmayhave
contributedsubstantiallytotheextendedlarvalde
velopmenttimeintheuntreatedplotsSimilarlyin
1986duringthesecondoftwoAnfreebornitrials
prolongeddevelopmenttoalesserextentwasalso
observedwhenweedsbecameslightlytallerthan
rice1322dayswithherbicidevs1404dayswith
outherbicide

Waterdepthwasanotherimportantfactorfor
AnfreeborniResultsfor1985showedagreater
numberoflarvaestillinsecondinstarinshallow

waterie15inshallowvs3inmedium7indeep
and0indiscontinuousandfewerattainingfourth
stageie3inshallowvs4inmedium20indeep
and26indiscontinuous Resultsof1986

244

239

233

228

222

217

211

206

200

194

189

TEMPWHERBICIDE
TEMPW0HERBICIDE

205 215

dataTable2similarlyyieldedatrendofslowde
velopmentinshallowwaterbuttrialsin1987
showednodifferencesbetweenwatertreatments

Waterdepthandweedmanagementpractices
emergedasmostinfluentialonlarvalsurvivaland
developmentinthecourseofinvestigatingavariety
offactorswhichmayaffectAnfreeborniandCY
tarsalisproductioninricefieldsundercontrolled
experimentalconditionsItwashypothesizedthat
shadingfromtheunusuallytalldenseplantcanopy
resultedinlowerwatertemperatureswhichinturn
prolongedthelarvaldevelopmenttime Mean

temperaturereadingsintheweedyplotswerecon
sistentlylowerthanthoseintheweedcontrolled
plotsFigure1

Whiletemperaturedatafromtheexperimen
talricefieldswithvaryingdepthshavenotbeenan
alyzedforthefouryeardurationofthepresent
studyresultsfromearlierinsitustudiesindicated
thattemperaturesinricefieldswithshallowwater
managementweresubjecttogreaterfluctuations
andextremesthanwerefieldswithdeepwater
managementWashinounpublMilbyandMeyer

225

DAYOFYEAR

235 245

Figure1Meandailytemperaturesfromplotswithoutherbicidetreatmentin1987SutterCounty
experimentalricefields
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1986 BaileyandGieke1968hadpreviously
reportedonthemajoreffectsofwatertemperature
ondevelopmentandsurvivalofAnfreeborniand
Cxtarsalislarvaeunderbothlaboratoryand
simulatedfieldconditions

Resultsofthepresentstudysuggestthattem
peraturewasamostinfluentialfactorbutno
defmitiveconclusioncanbereacheduntilthe4

yeartemperaturedataareanalyzedandrelatedto
thefactorsofwaterdepthandweedmanagement
Itisunfortunatethatthenaturallyoccurring
mosquitolarvalpopulationwastoolowtoyield
usefuldatatoaugmentobservationsmadeoncaged
mosquitopopulationsInparticulardataonthe
ovipositionalattractivenessandthesurvivaland
developmentofthefieldpopulationinresponseto
thevariablesstudiedwouldhavebeenamostuse
fuladjuncttothestudy
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THEINFLUENCEOFVEGETATIONANDMOSQUITOFISHONCULEXTARSALIS

ABUNDANCEINDUCKCLUBPONDSINSOUTHERNCALIFORNIA

Introduction

DuckclubpondsinsouthernCaliforniahave
beenidentifiedasimportantdevelopmentalsites
forCulextarsalisCoquillettDursoandBurguin
1988andseveralothermosquitospeciesInthe
CoachellaValleyseveralthousandacresbordering
onthenorthernendoftheSaltonSeaareflooded

annuallyforrecreationalduckhuntingUSFish
andWildliferegulationscurrentlypermitCalifornia
duckclubstoprovidesupplementalforagetomi
gratingwaterfowlUndertheseregulationsduck
clubmanagersstocksmallperipheralpondswith
additionalforageandmaintainlargeexpansesof
relativelyopenwateronwhichducksalightafter
foraging

Theduckpondsarediskedinmidsummer
andfloodedduringlateAugustWaterispumped
intothepondsfromwellsenterseachpondvia

1CurrentaddressDepartmentofBiologicalSciencesCollege
ofLettersandScienceUniversityofWisconsinLaphamHall
POBox413MilwaukeeWisconsin53201

WilliamEWaltonandMirSMulla

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521

ABSTRACT

Theeffectivenessofcurrentmosquitoabatementmeasuresusingmosquitofishwas
evaluatedintwo18haduckclubpondsintheCoachellaValleyofsouthernCaliforniaThe
effectsofGambusiastockedatcurrentoperationaldensities14kghavegetationandtheir
interactionwerestudiedin16menclosuresAscomparedtononvegetatedplotsCulex
tarsalislarvalpopulationswereconsiderablylargerinplotsthatcontaineddensevegetative
growthonlyalongthepondperimeterorbothperimetervegetationanddensestandsof
emergentvegetationinthepondinteriorMosquitofishstockedduringthelatesummerand
earlyautumnat14kghadidnotsignificantlyreducemosquitolarvalpopulationsinduckclub
plotsConcurrentstudiesin36mpondsyieldedequivalentresults Culextarsalislarval

abundanceinpondswithoutfishdidnotdiffersignificantlyfromthatinpondswhereGambu
siawasstockedat1kgha Howeverlarvalabundanceinpondscontainingmosquitofish
stockedattheextremelyhighdensityof4kghadifferedsignificantlyfromthoseinthecontrol
withoutfishand1kghaGambusiatreatments

Theinteractionsamongthechronologyofpondinundationseasonalreproductioncy
clesofmosquitofishnaturalsourcesofmosquitofishmortalityvaryingdegreesofvegetation
andwatermanagementandreducedaccessofMADpersonneltomosquitodevelopmental
sitescomplicatemosquitocontroleffortsinduckclubpondsMosquitofishpopulationsin
typicalduckclubpondsaresubjecttofactorspredaciousbirdsthermallystressfulconditions
andprobablylowfoodabundancethatreducesurvivorshipandrecruitment
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dropboxesandfloodingiscompletedafterfourto
sixweeksIfsupplementalforageisprovidedreg
ulationsstipulatethatpondsmustbekeptfullof
waterthroughapproximatelymidJanuaryInmost
pondswaterpersiststhroughmidMarch

Vegetation management practices differ

amongtheduckclubsWhereasthepondinteriors
aretypicallydiskedthevegetationalongthe
perimeterdikesiseitherremovedorcutWhen
cutthecuttingsareleftinplaceandinundatedas
thepondsarefloodedInthoseduckclubswhere
theperimetervegetationisnotremovedorwhere
thickemergentvegetationdevelopsusuallyinthe
firstpondfloodedpondssupportlargepopulations
ofmosquitolarvae

Theprevailingmethodofmosquitoabatement
istostockthepondswiththemosquitofishGam
busiaaffinisBairdandGirardatinitialdensities
approximating14kghaAdditionalcontrolmea
suresutilizinginsecticidesaresometimesnecessary
butareoftendifficulttocarryoutbecauseaccessto
thepondsisrestrictedduringduckhuntingseason



Despitethestockingofmosquitofishlargenum
bersofadultmosquitoesaretrappedinthevicinity
ofduckclubsDursoandBurguin1988Theef
fectivenessofcurrentmosquitoabatementmea
suresusingmosquitofishwasstudiedduring1988
byexaminingtheeffectsofGambusiastockedat
currentoperationaldensities14kghavegeta
tioncontrolandtheinteractionbetweenthesetwo
factorsonmosquitolarvalpopulationsinhabiting
duckclubponds

MaterialsandMethods

TheeffectsofvegetationandGambusiaon
Cxtarsalislarvalabundancewerestudidin16m

enclosuresAsfloodingbeganduringmidAugust
threeenclosureswerepositionedineachoftwo
18hapondsattheAdohrValleyFarmsDuckClub
inMeccaCaliforniaEachenclosurewasdivided
intofourplotswithpartitionsconstructedoffiber
glasswindowscreeningapproximately7open
ingscmburiedinthebottomsedimentandsup
portedbywoodenstakesFourtreatmentswere
randomizedwithinthreeblocksenclosuresin
eachpondvegetationaloneVnonvegetated
aloneNvegetationandGambusiaFVand
nonvegetatedandGambusiaFN

InteriorvegetationintheNandFNplotswas
removedbyhandandshorelinevegetationwasre
movedwithashovelAsmallamountofvegetation
approximately05mwasleftalongthepartitions
intheFNplotsasarefugeforthefishandintheN
plotsasacontrolfortheFNvegetationGambusia
adultswerecapturedfromalocalpondafterone
weekweighedandaddedtotheappropriateplots

Thevegetationcoverdifferedinthetwo
pondsOnequarterofthesurfaceofPond1was
notdiskedanditsupportedadensecoverof
grassesthatwasdominatedbybeardedsprangletop
LeptochloafascicularisLam Theperimeter
vegetationwasprimarilyspikerushEleocharis
macrostachyaBrittwithathickgrowthof
BermudaCynodondactylonLandsaltgrass
DistichlisspicataLTheenclosuresinPond1
weresituatedwithinthedensevegetationPond2
wastypicaloftheremainingpondsintheduck
clubthepondinteriorlackedemergentvegetation
andtheperimeterwassurroundedbyadense
growthofBermudaandsaltgrasses

Mosquitoesmacroinvertebratesandzoo
planktonweresampledwitha350mldipperA
stratifiedsamplingprocedurewasfollowedin
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whichthreedipsweretaken1alongtheshore
and23mfromtheshoreineachplotandinthe
pondadjacenttoeachblockThethickvegetation
inPond1precludedsamplingbynetTheenclo
suresweresampledweeklyfromlateAugust
throughthestartofduckhuntingseasoninmid
OctoberThepondsweresampledonceinlate
Octoberaftertheenclosureshadbeenremoved

Thecontentsofeachsetof3dipswascombined
preservedinalcoholidentifiedandenumeratedin
thelaboratoryunderadissectingmicroscope
Mosquitofishineachplotweresampledevery
otherweekusingabaitedminnowtrapthathad
beenlinedwithwindowscreeningWatertemper
aturewasmonitoredwithminimummaximum

thermometers

Theeffectsoffishvegetationandexperi
mentalmanipulationplotsvspondwerecom
paredforthePond1databyarepeatedmeasures
ANOVAandlinearcontrasts Becausesamples
fromplotsthroughtimewerepresumablyautocor
relatedtheeffectoftimesampledatewasre
movedfromthemaineffectsTestsofthisfactor

violatetheassumptionsoftheANOVAandarenot
reportedhereTosatisfytheassumptionsofthe
ANOVAcountsfrom1mand3mstratawere
combinedlogtransformedcount 1andana
lyzedfortheentirelarvalpopulation1stthough
4thinstarsBecauselarvaewerenotcapturedin
nonvegetatedplotson19Septemberanalyses
wererepeatedafterdeletingthisdatefromthedata
set29Augustthrough10OctoberTheresults
reporteddidnotchange

Themeanandthevarianceoflarvalcountsin

thenonvegetatedplotsofPond2werezerofor
mostsamplingdatesandparametricstatistical
analysisofthesedatawasinappropriateWecom
paredtheranksoflarvalabundanceinPond2plots
usingWilcoxonsSignedRankstestsLarvalcounts
invegetatedandnonvegetatedplotswereanalyzed
separatelyforeachblockandcombinedacross
blocksNominalvaluesareprovidedinthedis
cussion

ResultsandDiscussion

VegetationThepresenceofemergentvege
tationinthepondinteriorsandperimetervegeta
tionalongtheponddikessignificantlyincreasedCx
tarsalislarvalpopulationsascomparedtononveg
etatedplotsInPond1mosquitolarvaeinvege
tatedplotswereinitiallyveryabundantandde



dinedbetweenfourandsixweeksafterthepond
wasfloodedFiglaThistrendwassimilarto
thatobservedforCxtarsalislarvaeinpondsatthe
AquaticandVectorControlResearchFacility
OasisCalifornialocatedapproximately3km
northwestofAdohrValleyFarms Mulla1986

1989Theabundanceofmosquitolarvaeinnon
vegetatedplotsinPond1wassignificantlylower
thanthatinvegetatedplotsF18 2485p
0001

Thephenologyofthelarvalpopulationdif
feredinPond2Ascomparedtovegetatedplotsin
Pond1Cxtarsalislarvaewerelessabundantfrom
29Augustthrough19SeptemberFiglbLarval
abundanceincreasedmarkedlybetween19and26
SeptemberAftertheenclosureswereplacedinto
thepondsapproximatelytwothirdsofthewater
enteringthepondsduringmidAugustwasdiverted
elsewhereWhereaswaterlevelsinPond1were

reducedverylittlewaterlevelsinPond2declined
toapointwheretheshorelinevegetationwas
barelyinundated Onabout19Septemberthe
majorityofwaterwasdivertedagainintoPonds1
and2andtheshorelinevegetationinPond2was
reinundatedtoprediversionlevelsRisingwater
levelswhichreinundatedtheshorelinevegetation
andthevegetationthatdevelopedduringthe56
weekssincemanipulationsweremadeincreased
theavailablelarvalhabitatandperhapspreferred
mosquitoovipositionsites

Culextarsalislarvaewereconsiderablymore
abundantinvegetatedplotsthaninnonvegetated
plotsofPond2BlockscombinedT 0
p 001 UnliketheblocksinPond1larval
populationsintheblocksofPond2weremarkedly
heterogeneousVeryfewlarvaewerecapturedin
theplotsofoneblockBlockALarvalcountsin
vegetatedplotsdidnotdiffersignificantlyfrom
thoseinnonvegetatedplotsBlockAT 55

p 005HoweverintheothertwoblocksBlock
BandCCxtarsalislarvaeweresignificantlymore
abundantinvegetatedplotsthaninthenonvege
tatedplotsBlockBT 0p 001BlockCT

0p 001
Thedifferencesofvegetationcoveramongthe

blockswerecongruouswiththeeffectsreported
aboveBy26Septembervegetationextendedap
proximately15mfromtheshorelineintotheveg
etatedplotsinblocksBandC Ascomparedto
thevegetatedplotsinblocksBandCthevegeta
tionintheVandFVplotsofblockAwaslessex
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tensiveanddidnotdiffernoticeablyfromadjacent
nonvegetatedplots

GambusiaaffinisMosquitofishstockedat14
kghadidnotsignificantlyreduceCrtarsalislarval
populationsascomparedtoplotsthatlackedfish
Forreasonsgivenbelowtheeffectofmosquitofish
wastestedonlyforplotsinPond1Theeffectof
Gambusiawasnotsignificant F18 263

p 014Alsothefishbyvegetationinteraction
F18 005p 08andpondversusplotcom
parisonF18 042p 053werenotsignificant

ConcurrentstudiesconductedatourAquatic
andVectorControlResearchFacilityinwhichwe
examinedtheeffectsofmosquitofishstockingden
sity01and4kghaonCxtarsalisyielded
equivalentresultsWaltonandMullaunpublished
data DuringlateAugustandSeptember
mosquitolarvalabundanceinmesocosmsstocked
with1kghaGaffinisdidnotdiffersignificantly
fromthatinmesocosmswithoutfish However

mosquitolarvalpopulationswerereducedsignifi
cantlywhenGambusiawasstockedattheex
tremelyhighdensityof4kghaInterestinglya
similarstudyduringthespringprovideddifferent
results Ascomparedtononfishcontrols
mosquito larval populations were reduced

markedlyandequallybymosquitofishstockedat1
and4kghaWaltonetalunpublisheddata

WewereunabletoassesstheeffectofGam
busiainPond2becausethefishwereeliminated

fromallplotsMosquitofishprobablywereelimi
natedbypredationandthermalstress Ardeids

heronsandegretswereobservedinlargeflocks
inandaroundduckclubpondsundergoinginunda
tion Priortomovingtonewlyfloodedhabitats
thesepredatorswereobservedforagingintheen
closuresandthroughoutbothpondsInadditionto
predationtheshallowwaterdepthsreducedinte
riorvegetationandhotdeserttemperaturescre
atedthermallystressfulconditionsforGambusia
Fig2aMaximumwatertemperaturesduringthe
periodfrom29Augustthrough12Septemberex
ceededGambusiasthermalmaximumCastleberry
andCechunpublisheddataThedenservegeta
tioncoverandlowerwatertemperaturesinPond1
permittedsomefishtosurviveandreproduceinall
plotscontainingfishFig2b

GeneralDiscussionCurrentmosquitoabate
mentmethodsusingmosquitofishinduckclubsof
theCoachellaValleyareattimesineffec
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Figure1AverageabundancesofCrtarsalislarvae
invegetatedandnonvegetatedplotsinaPond1
andbPond2Averageswerecomputedafter
combiningdatafromVandFVplotsvegetated
orNandFplotsnonvegetated
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peraturesrecordedinaPond2andbPond1
during1988Thebrokenlineisthethermalmaxi
mumforGaffinisCastleberryandCechunpub
lisheddata



Table1PercentofGambusiaaffinisdigestivetractscontainingterrestrialormolluscanpreyinthreestudies
during1988n samplesize

Study

UCRPondsSpring

UCRPondsFall

AdohrValleyFarms

tiveorattheleastcomplex Theinteractions

amongthechronologyofpondinundationseasonal
reproduction cycles of mosquitofish natural

sourcesofmosquitofishmortalityvaryingdegrees
ofvegetationandwatermanagementandreduced
accessofMADpersonneltomosquitodevelop
mentalsitescomplicatemosquitocontroleffortsin
duckclubponds

Severalfactorsreducerecruitmentandsur

vivalofGambusiaFirstmosquitofishundergoa
photoperiodicallyinduced reproductive decline

duringtheautumnSawara1974Miltonand
Arthington1983Thisdeclinecoincideswithor
precedesthetimeatwhichGambusiaarestocked
intoduckclubponds Studiesconductedatour

AquaticandVectorControlResearchFacilityin
theCoachellaValleyconfirmthatduringthefall
Gambusiastockingdensitiesmustbegreaterthan
wouldberequiredtoachieveacomparablelevelof
mosquitocontrolduringthespringorearlysum
mer

Secondmosquitofishmortalityishighintypi
calduckclubpondsbecauseofreducedvegetative
coverandshallowwaterdepthapproximately22to
30cmGambusiasuccumbtopredationbybirds
andtothermalstresswherewatertemperatures
approach40CHighwatertemperaturesaddition
ally must reduce mosquitofish reproduction
Coykendall1980andrestrictfishtocooler
microhabitatssuchassmallstandsofemergent
vegetationordenseshorelinevegetationInPond
2predationthermalstressandwaterdiversions
restrictedthesmallresidentmosquitofishpopula

Terrestrial Snails

3

36

62
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0

0

35

n35

n22

n52

tiontothedenseemergentvegetationinonecor
nerofthepond

Thirdaquaticmacroinvertebrateabundance
induckclubpondsascomparedtothe36m
pondsatourCoachellaValleyfacilityisrelatively
lowGiventheproximityoftheduckclubponds
totheSaltonSeaandthesalinityofthesoilinthe
CoachellaValleythemacroinvertebratefaunawas
dominatedbyhalophilicandpresumablymoreeu
ryhalinespeciesAquaticmacroinvertebrateabun
danceinPond1was2to5timeslowerthanthat

observedinourOasispondsFig3aInmore
typicalduckclubpondssuchasPond2aquatic
macroinvertebrateswereevenlessabundantFig
3bTotalaquaticmacroinvertebrateabundancein
Pond2was10to18timeslowerthanthatobserved

intheOasisponds
Althoughaquaticmacroinvertebrateabun

danceinduckclubpondswaslowerthanthat
recordedintheOasispondszooplanktonpopula
tionscladoceransandostracodsintheduckclub
pondswerelargerthanthoseintheOasisponds
Figs4aand4bDuringthefourtofiveweeks
afterfloodingduckclubzooplanktoncoulddiffer
fromthatintheOasispondsbymorethananorder
ofmagnitude

WhereassmallsizedGambusiawereobserved

tofeedprimarilyonzooplanktonandchironomid
midgeslargersizedGambusia 15cmstandard

lengthinduckclubpondswereincorporatingter
restrialandmolluscansnailspreyintotheirdiets
TheproportionofGambusiadigestivetractscon
taining terrestrial or molluscan prey was
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Figure3Theaveragenumberofaquaticmacroin
vertebrateinpreyfive350mldippersamplesfrom
duckclubplotsand36mpondsattheUCR
AquaticandVectorControlResearchFacility
OasisCaliforniaduringthelatesummerand
earlyautumn1988aComparisonofmacroinver
tebrateabundanceinplotsofPond1andtheOasis
pondsbComparisonofmacroinvertebrateabun
danceinplotsofPond2andtheOasisponds
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greaterformosquitofishinduckclubpondsthan
formosquitofishintheOasispondsTable1Al
thoughsnailswerepresentintheOasisponds
Gambusiadidnotfeedonthemwhenalternate

preywereabundantNorlandandBowman1976
suggestedthatfoodsupplywasanimportantde
terminantofmosquitofishpopulationsizeItisnot
knownatthepresenttimewhetheradultGambusia
induckclubpondsbypreyingonmoresclerous
terrestrialpreyormoreheavilyarmoredmolluscan
preymeettheirmetabolicdemandsorsufferfur
therreproductivedeclinesUnlikemolluscivorous
fishesGambusianevercrackedtheshellsofPhysa
sporGyraulussp

Thelatestockingdatereducedfoodabun
danceandreducedinteriorvegetationdecreased
mosquitofish reproduction and survival in

CoachellaValleyduckclubhabitatsMosquitofish
populationsintypicalduckclubpondswhichlack
interiorvegetationarereducedbypredationand
thermalstressAlthoughincreasedvegetativecover
mightreducethenaturalmortalityfactorsoperat
inginduckclubpondsstudiesinavarietyofhabi
tatshaveshownthatemergentvegetationde
creasedmosquitofisheffectivenessasabiological
controlagentCravenandSteelman1968Meisch
1985OrrandResh1987Mortonetal1988

Vegetationandwatermanagementpractices
inCaliforniaduckclubswillchangeiftheproposed
amendmentstoUSFishandWildlifeServicereg
ulationsareenactedin1991Ifthesupplemental
foragepracticeisdiscontinuedthefloodedacreage
willlikelyincreasetoaccommodatetheneedto
providewaterfowlwithattractivenaturalforage
Duckclubswillmaintainamosaicofdenselyveg
etatedforaginghabitatsandrelativelyopennon
vegetatedrestingorloafinghabitatsThelatter
arealsopreferredforduckhunting

Inadditionfloodingwillbeprolongedtoen
hancetheforagethatattractsmigratingwaterfowl
Floodingiscurrentlycompletedin4to6weeks
Floodingwilloccurforlongerperiodsinorderto
providethewaterfowlwithnaturalforageatvari
ousgrowthstagesanditwillalsoprovideCx
tarsaliswithpreferredovipositionalandlarval
developmental sites newlyflooded habitats

FanaraandMulla1974 Suchchangesin
vegetationandwatermanagementwillprobablyex
acerbatecurrentmosquitoproblems
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POPULATIONGROWTHOFGAMBUSIAAFFINISATTHREE

Introduction

ThemosquitofishGambusiaaffinisBaird
andGirardisthemostwidelyusedagentforthe
biologicalcontrolofmosquitoesMeisch1985It
hasbeenintroducedintodrainageditchesponds
andmanyothersmallaquatichabitatsItcanalso
beeffectiveincontrollingricefieldmosquitoes
egHoyandReed1971Stockingmosquitofish
isusuallymoreeconomicalthanchemicallarvicid
ingwhichmayrequirerepeatedapplicationsby
aircraft for rice field mosquito control

LichtenbergandGetz1985Asmosquitopopu
lationsdeveloppesticideresistancemosquitofish
mayberelieduponmoreheavilytocontrolrice
fieldmosquitoes

Thestockingrateamountoffishperarea
formosquitofishinricefieldshasbeenstudiedex
tensivelyreviewedbyMeisch1985Howeverthe
lessstudiedfactorofthestockingdatemayalsobe
importantIffishwereplantedinricefieldstoo
earlyintheseasontheymight1starvetodeath
beforetherearepreyinthefield2eatenough
foodtosurvivebutreproducepoorly3eatnew
bornmosquitofishwhenfoodisscarceandrefuges
forfryareunavailable4beeatenbypredators
BrittonandMoser1982beforerefugesdevelop
or5leavethefieldstoescapepredationorsearch
forfoodIfmosquitofishwereplantedtoolatethey
mightnothavetimetoreproduceanddevelopa

1LakeCountyMosquitoAbatementDistrictP0Box310
LakeportCalifornia95453

2DivisionofBiologicalControlUniversityofCalifornia
Berkeley94720

STOCKINGDATESINWILDRICE

ArthurEColwellandRichardGarcia

ABSTRACT

MosquitofishGambusiaaffiniswerestockedinexperimentalwildriceZizania
palustrisplotsateither415or28dayspostfloodingSomefoodegflyingaquaticinsects
terrestrialinsectsisopodsarachnidswasavailableeventotheearlystockedfishOutflow
monitoringindicatedfishemigrationfromtheplotswasnotextensiveearlyintheseasonand
wasnotmarkedlydifferentamongstockingdatesthroughoutthestudySomezooplankton
egcladocerandensitiesbecamesignificantlylowerintheplotswithfishthaninthecontrol
withoutfishplotsbutthemosquitofishreproducedwellthroughouttheseasonAttheter
minationofthestudy110dayspostfloodingtherewerenonotabledifferencesamong
stockingdatesinthestomachfullnessindicesconditionfactorsweightslengthspregnancy
ratesnumbersofembryosperfemaleordensitiesofmosquitofish
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populationdensitysufficientlyhightocontrolim
maturemosquitoes

FarleyandYounce1977foundthatstocking
fieldsofwhitericeOryzasativaLinn15to25
daysafterseedinggavethebestmosquitofishpop
ulationgrowthHowevertheoptimumfishstock
ingdateinfieldsofwildriceZizaniapalustris
LinnhasnotbeenstudiedWildricecanattain
heightsof3metersandhasamuchfullercanopy
thanthe1metertallwhitericeKramerand
Garcia1988DensitiesofmosquitoesegCulex
tarsalisCoquillettAnophelesfreeborniAitkencan
beveryhighinwildriceandthestockingrateof
mosquitofishnecessarytocontrolmosquitoesis
higherforwildthanwhitericeKrameretal
1988Thepresentstudywasundertakentodeter
minetheeffectofstockingdateonthedevelop
mentofmosquitofishpopulationsinwildrice

MaterialsandMethods

Thestudywasconductedinthe01haex
perimentalwildriceplotsdescribedbyKrameret
al1988 Eachplothadanindependentwater
supplywhichwasscreenedtopreventtheentryof
fishintotheplot

Allthericeplotswerefloodedon23May
1988andseededwithwildriceon24May1988
Threerandomlyselectedcontrolplotsreceived
nofishThreeearly4dayspostfloodingthree
medium15dayspostandthreelate28days
postplotswereeachstockedwithmosquitofishat
arateof10kgha

Mosquitofishpopulationsintheplotswere
monitoredbiweeklyfor35monthswithsmallmesh
03cmaperturesminnowtrapsFourtrapsone



pereachsideoftheplotwereplacedatrandomly
selectedsitesineachplotat1100hrsandremoved
at0900hrsonthefollowingdayAllfishwere
countedandreturnedtotheirrespectiveplots
Howeverattheterminationofthestudyasample
of10randomlyselectedfishwastakenfromeach
plotandfrozenThemosquitofishweredissected
laterandthestomachfullnessindexSFIforeach
fishwascalculatedaccordingtothefollowingfor
mulaWindell1971

SFIpptt weightofstomachcontentsgx10
weightoffishg

TheconditionfactorKindicatingthefitness
ofeachfishwascalculatedfromtheformula
Tesch1971

K weightoffishwithoutvisceragx10
standardlengthoffishmm

Femalefishweredissectedforreproductive
dataEmbryoswereclassifiedbythemethodsof
ColwellandSchaefer1983

Thefishexitingeachriceplotwerecollected
byametalscreenbag10mmmeshapertures
attachedtoeachoutflowboxTheexitingfishwere
countedonceperweekbutwerenotreturnedto
thestudysite

Todeterminewhetheranyflyinginsectsap
pearedinthericeplotssoonafterfloodingtwenty
350mldipsamplesweretakenineachoftwoearly
plotsimmediatelybeforethefishwerestocked
Sampleswerepreservedin80ethanolandall
animalspresentwereidentifiedandcounted

Planktondensitiesweremonitoredbycol
lecting63dipsamples350mleachatrandomly
selectedperimeterstationsfromeachplotat9and
107daysafterfloodingThesampleswereconcen
tratedinthefieldwithanethaving03mmaper
turesSampleswerepreservedandanalyzedbythe
methodsofColwellandSchaefer1980

Watertemperaturesineachofsixplotswere
recordedeveryhourbyadataloggerThestudy
wasterminatedat110dayspostfloodingTemper
atureandoutflowtrapdatawereanalyzedbysingle
regressionanalysisOtherdatawereanalyzedby
onewayanalysisofvariancefollowedbyStudent
NewmanKeulsmultiplerangetestsZar1974
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ResultsandDiscussion

Therewassomeconcernthatearlyinthesea
sontherewouldbeinadequatecoveralgaeor
macrophytesintheplotsforfishtohidefrom
predatorssoearlyplantedfishmightleavethe
fieldstoavoidpredationorsearchforfood
FarleyandYounce1977reportedthattwoweeks
afterstockingthreetimesasmanyfishwereleav
ingearly07dayspostseedingstockedwhiterice
fieldsascomparedwithmedium1525dayspost
seedingstockedfieldsHoweverinthepresent
wildricestudynofishfromtheearlystockedplots
appearedintheoutflowcollectionsduringthefirst
30dayspostfloodingFigure1Therewereno

Table1Numbersoforganismsperdipinwildrice
plotsat4dayspostflooding

Organism

Insecta

FormicidaeA
ApocritaA
CulextarsalisL
AedesmelanimonL
SyrphidaeL
otherDipteraA
HeteroceridaeA
StaphylinidaeA
CurculionidaeA
DytiscidaeA
otherColeopteraA
Belostomaflumineum
Aphididae
Collembola

Arachnida

Isopoda
Copepoda
Cladocera

GastropodaPhysa
Oligochaeta

L larvaA adult

Numberperdipsample

003

003

008

013

028

003

015

003

003

003

005

003

008

005

005

005

175

020

013

003



Table2Numbersoforganismsperliterinwildriceplotsat9daysandat107dayspostflooding

Nofish Fishearly Fishmedium Fishlate

Organism 9days107days 9days107days 9days107days 9days107days

Chrysophytadiatoms
Melosirasp 54265 00 77521 00 15504 00 7752 155042

OtherPennateDiatoms 17830173647 43412 166670 44962189926 13179 179173

Chlorophytagreenalgae
Pediastrumsp
Scenedesmussp

Rotiferarotifers
Asplanchnasp
Polyarthrasp
Keratellasp
Philodinasp
Conochilussp
Brachionussp

Cladocerawaterfleas
Ceriodaphniasp
Simocephalussp
Chydorussp

00 00 00 1550 00 2326 00 1550

00 775 00 4651 00 3101 00 775

00 00 00 3101 00 1550 00 3876

00 00 00 775 00 00 00 1550

00 1550 00 00 00 00 00 3101

00 00 00 00 00 1550 00 00

00 00 00 2326 00 775 00 00

00 1550 00 00 00 00 00 3876

36 1022 00 61 60 36 36 18

00 06 00 00 00 00 00 12

00 381 00 36 00 133 06 73

Copepodacopepods
nauplii 00 12 00 54 103 61 12 248

Acanthocyclopssp 194 218 115 290 163 387 206 810

Ostracodaseedshrimp 00 1820 18 79 30 290 00 653
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significantdifferencesP005amongthethree
stockingdatesinthetotalfishleavingthefields
Maximumexodusratesofcaonefishperplotper
dayoccurredduringaperiod6075dayspost
floodingwhentherewerethousandsoffishineach
plotThereforetheexodusmaynotbeimportant
inreducingtotalnumbersofwildricefieldfish
Coykendall1981foundthatmosquitofishemi
grationfromwhitericefieldswaspositivelycorre
latedwithwatertemperatureThenumberoffish
leavingthewildriceplotsduringthepresentstudy
wasnotcorrelatedP005withwatertempera
tureThisexodusmayhavebeenduetoadispersal
phasewhichnormallyoccursatthattimeofthe
seasonortoovercrowdingRobbinsetal1987

Insomewhitericestudiesborrowpitditches
adjacenttoleveesmighthaveprovidedopenwater
channels which facilitated movements of

mosquitofishInthepresentwildricestudythere
werenoborrowpitssothewaterdepthandplant
densitywasmoreuniformthroughoutthelaser
leveledfields

Table1indicatesthattherewassomefood

availableintheplotspriortothestockingofthe
earlyfishSomeadultaquaticinsectshadappar
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Figure3Meannumberoftotalmosquitofishcollectedpertrapperdaybyminnowtrapsinwildriceplots
stockedwithfishearlymediumorlateintheseason
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entlyflownintotheplots Terrestrialinsects

isopodsandarachnidsmighthavebeenintheplots
whentheywerefloodedormayhavefallenfrom
theleveesintothewater

Laterintheseasonthetrulyaquaticor
ganismsTable2reproducinginthericeplotsmay
becomethemainfoodsupplyforthemosquitofish
Someoftheseorganismsegphytoplanktonare
notnormallyeatenbutcladoceransareusuallythe
predominatefoodorganismsformosquitofish
WashinoandHokama1967Cladoceraweresig
nificantlyP005moreabundantinthecontrol
withoutfishplotsthanintheplotswithfish

Iffishstockedearlyinthericegrowingseason
foundenoughfoodtosurvivebutwereun
dernourishedtheymightnotreproducewell If

theydidreproducebuttherewasnocoverrice
plantsoralgaeforthejuvenilesthehungryadults
inearlystockedfieldsmighteattheiryoung
Dionne1985Howeverneitheroftheabovepos
sibilitieswasconfirmedinthepresentstudyFigure
2 Theearlystockedfishreproducedwelland
therewerenosignificantdifferencesP005in
thenumbersofjuvenilescollectedintheearly
mediumandlatestockedplotsatthetermination

90 100 110



Table3Dataforearlymediumandlatestockedwildriceplotsfromfemalemosquitofishcollectedat110days
postflooding

Mean Mean
condition Meanweight Meanweightof Meanstomach standard

Plot factor offish stomachcontents fullnessindex length
No K 8 8 pptt mm

7 2080 0625 0017 2720 311
14 1598 1023 0039 3812 400
16 1828 1122 0060 5348 395

Mean

early 1835 0923 0039 3960 369

1 1805 1228 0030 2443 408
13 1961 0925 0050 5405 361
15 1711 1007 0057 5660 389

Mean

medium 1825 1053 0046 4503 386

3 1617 1004 0025 2490 396
4 1718 1011 0030 2967 389

18 1815 1144 0068 5944 398
Mean

late 1716 1053 0041 3801 394

Table4Dataforearlymediumandlatestockedricefromfemalemosqultofiahcollectedat110dayspost
flooding

Meaneumberofemhryoiprrpeasantfemale
Plot Females

No pregnant Mature Tailed Eyed Early Total

7 364 53 213 73 00 338
14 625 00 46 76 88 210
16 453 08 262 166 00 436

Mean

early 481 20 174 105 29 328

1 455 36 190 00 154 380
13 623 04 164 118 00 286
15 800 39 53 106 48 248

Mean

medium 627 26 136 75 67 303

3 600 32 03 212 113 362
4 500 218 84 00 36 338

18 600 13 287 00 22 322

Mean

late 567 88 125 71 58 341
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ofthestudy110dayspostflooding
Themeantotalnumbersofmosquitofishwere

notmarkedlydifferentP005amongtheearly
mediumandlatestockingdatesonthefmalsam
plingdateMosquitofishdensitiesreachedca100
fishpertrapFigure3Thesedatasupportthe
suggestionbyKrameretal1988thatthe
mosquitofishcarryingcapacitymaybehigherin
wildricethaninwhitericefields

MiuraandTakahashi1987reportedthatfish
collectedattheendofastudyinwhitericeplots
wereextremelylightandslimmishduetoadefi
ciencyoffoodresourcesbutthepossibleeffectof
stockingdateonthisproblemisunknownFish
collectedattheendofthepresentstudyinwildrice
plotsappearedrobustTherewerenosignificant
differencesP005betweenearlymediumand
latestockedplotsintheweightsofmosquitofish
weightsofstomachcontentslengthsoffishstom
achfullnessindicesorconditionfactorsTable3
MiuraandTakahashi1987suggestedthatlate
seasonfoodshortagesinwhitericeplotscouldre
sultinreducedfecundityofthemosquitofish
HoweverlateseasonpregnantmosquitofishTable
4inthewildriceplotsaveraged328early305
mediumand340latetotalembryosperfemale
nosignificantdifferencesThesevaluescompare
favorablywiththe130embryosperpregnantfe
malereportedforthesamemonthinnearbysmall
pondsColwellandSchaefer1983

Overalltheresultsofthisstudyindicatedthat
earlystockingofmosquitofishdidnotresultina
populationdecreaseduetostarvationortofish
exitingtheplotsorduetoexcessivepredationThe
earlystockedfishreproducedwellthroughoutthe
seasonLatestockedfishalsoreproducedwelland
developedhighpopulationdensitiesThesesmall
plotfindingssuggestthatitmaybeusefulforagen
ciesconcernedwiththebiologicalcontrolof
mosquitoestostockmosquitofishintolargecom
mercialwildricefieldsatanytimeduringthepe
riod4to28dayspostfloodingstudied
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THEEFFECTSONYIELDOFBTITREATMENTS

Introduction

RicegrowersintheSutterYubaMosquito
AbatementDistrictexpressedconcernaboutpossi
blecropdamageduringthe19861987and1988
applicationsofBacillusthuringiensisserotypeH14
BtiTheyfeltapplicationsofBtiduringthecriti
calfloweringstagemightdecreasegrainyieldsand
forthisreasontheDistrictavoidedtreatmentswith

Btiduringthefloweringstageforthethreeseasons
Thisimpactedapproximatelythreeweeksandupto
fifteenthousandacreseachyearofpotentialcon
troleffortsHistoricallypeaklarvaldensityof
AnophelesfreeborniAitkenoccursaboutthetime
ofriceflowering

NodatawereavailableonBticropinjuryspe
cifictoriceThemanufacturerslabelsforBtimake

nomentionofavoidingapplicationstoriceduring
thefloweringstageTrialswereestablishedtoex
aminetheeffectsofBtitreatmentsduringvarious
stagesofricefloweringongrainyieldandother
relatedparameters

MaterialsandMethods

TheUniversityofCaliforniaCooperativeEx
tensionallowedtheDistricttouseoneofitsrice

researchsitesinSouthSutterCountynearNico
lausCaliforniaforthesmallplotworkdonein
1987Maintenanceandharvestofthecropwere
performedbytheUniversityofCaliforniaCooper
ativeExtension

Therandomizedcompleteblockdesignwas
usedforthistrialThereweresixtreatmentsin
cludingcontrolswithfivereplicationseachina
randomizedcompleteblockdesignTreatments
wereassignedtofiveblocksfromatableofrandom
numbersThe30experimentalplotswere10x20ft
eachThesixtreatmentswereasfollows1Btiap
pliedwhen20ofthericestandhadflowered2
Btiappliedwhen50ofthericestandhadflow
ered3Btiappliedwhen100ofthericestand
hadflowered4Btiappliedatallthreestages5
noBtiappliedplotwalkedthroughaswhenmak

1SutterYubaMosquitoAbatementDistrictPOBox726
YubaCityCalifornia95992

2UCFarmAdvisorAgriculturalExtensionUC142Garden
HighwayYubaCityCalifornia95992

ATTHEFLOWERINGSTAGEOFRICE

MichaelRKimballandJohnFWilliams

130

inganapplicationand6noBtiappliedplotnot
walkedthrough

AllBtiapplicationsweremadewithZoecons
Teknar 600InternationalToxicUnitsThe
dosageratewas32ouncesperacrethemaximum
labeledrateApplicationsweremadeusinga
HerbihandheldatomizerCalibrationwasper
formedwithBtifinishedspraymixdilutedthree
partsBtitoonepartwatertodeterminetheswath
width10feetandflowrate20ozminAppli
cationspeedwasadjustedinthefieldto231miles
perhourThedropletsizeformaterialdeliveredby
theHerbiverycloselyresembledthedropletsizeof
theMicronairrotaryatomizerusedintheDis
trictsnormalricefieldapplicationsasindicatedby
boththemanufacturersspecificationsThedates
theactualapplicationstookplacewereasfollows
Treatment1onAugust19Treatment2onAugust
24Treatment3onSeptember1Treatment4on
August1924andSeptember1andTreatment5
onSeptember1

ThericecultivarM201washarvestedon
October211987 TheUniversityofCalifornia
CooperativeExtensionusedaspeciallydesigned
harvesterwhichcuta712footswathdownthe
centerofeachplotThegrainfromeachplotwas
weighedandthemoisturecontentmeasuredwitha
MotomcomoisturemeterTheaverageheightof
thericestandwasalsorecordedThevaluesforthe

weightofthegrainandthemoisturecontentwere
usedincalculatingtheyieldinpoundsperacreFi
naldrygrainyieldwasstandardizedto14

A40acrericefieldnearYubaCityCalifornia
wasutilizedforthefieldtrailperformedin1988
ThefieldwasfarmedbyoneoftheDistrictsBoard
ofTrusteemembersAsimplestripdesignwas
usedwithtwotreatmentssprayedandnon
sprayedwithfivereplicationsTenexperimental
plotswerearrangedinthefieldsidebysidealter
natingtreatmentsandcontrolsEachplotwasap
proximately200x520ft

Thetreatmentwasmadewhen50ofthe

ricestandhadfloweredwhichoccurredonAugust
7TheapplicationwasmadewithZoeconsTeknar
600InternationalToxicUnitsatarateoffive
ouncesperacreneatApplicationsweremadeus
ingaCessnaAgWagon250airplaneequippedwith



Table1TheeffectsofBtiapplicationsonriceheightmoistureatharvestandyield1987study

Treatment Plant Harvest Grain

Time Height Moisture Yield

cm Content LBA
@14H2O

120headed 78 212 10519

250headed 77 214 10477

3100headed 76 213 10757

42050100 77 210 10587

5Walkthrough 77 211 10550

6Untreated 77 211 10613

CV 43 23 23

LSD05 NS NS NS

Table2TheeffectsofBtiapplicationonricemoistureatharvestandyield1988trial

Treatment

1Sprayedwhen50headed 254 9013

2Untreated 262 8964

CV 87 66

FValue 070 005
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twoMiniMicronairrotaryatomizersThiswas
thesameapplicationrateandequipmentusedin
theDistrictsoperationalricefieldcontrolpro
gram

ThericecultivarM201washarvestedon
September29Thegrowerharvestedeachplotus
ingaJohnDeere7700riceharvesterwitha153
footswathTwosubsamplesof200250ftinlength
weretakenfromeachplotEachsamplewas
weighedonaportablescaleandasmallsubsample
wastakentodeterminemoisturecontentThese

figureswereusedtocalculategrainyieldinpounds
peracreat14moisturecontent

Results

Noneofthetreatmentsinthe1987smallplot
trialhadasignificanteffectonplantheightmois
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turecontentofharvestedgrainorgrainyield
Table1Variationwasverysmallinallparame
tersmeasuredlendingcredencetotheresultsIn
the1988fieldtrialthespraytreatmenthadnosig
nificanteffectonmoisturecontentofharvested

grainorgrainyieldTable2Againvariancewas
verysmall

Conclusion

WeconcludethattheapplicationofBtitorice
invariousstagesoffloweringhadnosignificantef
fectongrainyieldheightorcropmaturityas
measuredbyharvestmoisturecontentTheDis
trictwillrecommendtoitsboardthatapplications
ofBticontinuethroughouttheentirericegrowing
seasonfor1989



ASSESSINGLAMBORNELLACLARKIASAPOTENTIALBIOLOGICAL

CONTROLAGENTFORAEDESALBOPICTUS

Jan0WashburnandJohnRAnderson

TheAsianTigerMosquitoAedesalbopictus
SkusewasfirstdiscoveredintheUnitedStatesin
HoustonTexasin1985anditnowoccurs
throughoutmuchoftheeasternandsouthern
regionsofthecountryHawleyetal1987Moore
etal1988Whilethisimportantvectorspecies
doesnotpresentlyoccurinCaliforniathereare
fewavailabledataforevaluatingthepotentialfor
itssuccessfulestablishmentinthestateEcological
featuresdemonstratedinnewlycolonizedregions
oftheUnitedStatessuchascoldtolerancevari
ablephotoperiodicdiapauseresponsesanddesic
cationresistanteggsHawley1988suggestthat
Aealbopictushasanadaptablelifehistorythat
mayallowinvasionofthewoodlandecosystemsof
CaliforniaOntheotherhandtheprolongedyearly
dryseasonandhighsummertemperaturesinmany
areasofthestateposesignificantandperhapsin
surmountablebarrierstopermanentestablishment
bythisspecies

Researchexaminingseveralaspectsofthe
potentialforestablishmentbyAealbopictusin
Californiatreeholeswasinitiatedduring1988One
ofthemajorobjectivesofthisprogramistoassess
thesuitabilityofAealbopictusasahostforthe
parasiticciliateLambornellaclarkiCorlissand
Coatsanindigenousnaturalenemythatinfects
larvaeofthewesterntreeholemosquitoAedessier
rensisLudlowClarkandBrandl1976Egerterand
Anderson1985Lambornellaclarkiiswidelydis
tributed in treeholes throughout California

WashburnandAnderson1986andmayposea
biologicalbarrieragainstthecolonizationandper
sistenceofAealbopictusFurtheritmaybepos
sibletodevelopthisparasiteintoamanipulatedbi
ologicalcontrolagentforAealbopictusandother
containerbreedingmosquitoes

Wehaveelucidatedthemajorlifehistory
featuresofthistreeholeinhabitingprotozoandur
ingthepastfiveyearswithfundingprovidedbythe
NationalInstitutesofHealthandtheUniversityof
CaliforniaMosquitoResearchProgramThelife
cyclesofLclarkiandAesierrensisaretightlysyn
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chronizedwiththeseasonalpatternofrainfalland
photoperiodAedessierrensispopulationssurvive
thedryseasonasdesiccationresistanteggswhile
Lclarkiismaintainedindrytreeholesindesicca
tionresistantcysts FirstinstarlarvaeofAe

sierrensishatchwithinseveralhoursoftreehole

floodingduringthefirstwinterrainsandmotile
formsofLclarkiappearabout10to20hlater
Thesefreelivingciliatesarecalledtrophontsand
theyfeedonbacteriaandothermicroorganisms
livingintreeholewater Shortlyafterescaping
fromdesiccationresistantcystssomeofthe
trophontsundergoamorphologicalchangeand
transformintosphericalparasiticcellscalled
therontsThetherontisthehostseekingstagethat
formsinvasivecystsonthecuticlesofhost
mosquitolarvaeTrophontsthatdifferentiateinto
therontsareirreversiblycommittedtoparasitism
Therontslackthebuccalcavityoftrophontsthey
areapparentlynonfeedingandintheabsenceof
appropriatemosquitohoststheseformsdiewithin
24to48hWashburnetal1988Trophont
populationscanpersistapparentlyindefinitelyin
theabsenceoflarvalmosquitoes

Therontsthatsuccessfullyencystonfirstin
starlarvaepenetratethecuticleandenterthe
hemocoelwheretheyestablishanendoparasitic
existencewithinafewdaysoftreeholeflooding
Theseendoparasiticformsfeedonhemolymph
contentsandmultiplyuntiltheycompletelyfillthe
bodyofthehostParasiteamplificationistemper
aturedependentandhoststypicallysuccumbto
ciliateinfections20to28daysaftertheronten
cystmentEndoparasiticLclarkitransformback
intotrophontswhichescapethroughcuticularle
sionsatthetimeofhostdeathApproximately24h
afterescapingfromthecadaverssomeofthere
leasedtrophontsundergoasynchronizeddivision
phaseandthedaughtercellsdifferentiateinto
therontswhichattacksurvivinglarvaeThistrans
formationisapparentlyunderendogenouscontrol
andprovidesthemechanismforhorizontaltrans
missionwithinmosquitopopulationsduringthe



prolongedperiodoflarvaldevelopmentduringthe
winterLateinstarlarvaeofAesierrensisthatare

attackedbytherontsmayeclosesuccessfullyasin
fectedadultsinthespringAdultfemalesarepara
siticallycastratedbyendoparasiticLclarkithat
entertheovariesandsuchfemalesdisperse
trophontsinmuchthesamewaythatuninfected
femalesdisperseeggsamongtreeholesTrophonts
formthedesiccationresistantcystsastreeholesdry
inearlysummerThesecystsandthedesiccation
resistanteggsofAesierrensiscarryparasiteand
hostpopulationsrespectivelyoverthesummer
monthsuntilthewinterrainsbeginthecycleagain

Therontsarealsoproducedbyciliatepopula
tionsfollowingexposuretomosquitolarvaeLarvae
ofAesierrensisandcertainothermosquitospecies
releaseawaterbornesubstancethatinducessyn
chronouscelldivisionandtherontformationby
freelivingtrophontpopulationsofL clarki

Washburnetal1988Inductionprovidesan
ecologicallyflexibleresponsetothepresenceof
mosquitolarvaewhichconsumetrophontswhile
filterfeedingThusmosquitolarvaeareboth
predatorsandhostsofLclarki

Itisclearthatseveralcriteriaarenecessary
forsuccessfulparasitizationofAealbopictusand
othermosquitohostsFirstlarvaeneedtoproduce
thefactorthatinducestransformationoftrophonts
intotherontsSecondtherontsmustrecognizeand
encystonthelarvalcuticleThirdencysted
therontsmustproduceenzymesforpenetratingthe
hostcuticlefmallyciliatesmustcircumventthe
immuneresponseofthehostandpersistandam
plifyinthehemocoelafterpenetratingthecuticle
Inthisreportwepresentpreliminarydatafrom
laboratoryexperimentsexaminingtheproduction
oftheinductioncuebylarvalpopulationsofAeal
bopictusandwecomparethehostpreferenceof
therontsofferedAealbopictusandAesierrensis
larvaeBothassaysarequantifiedbycomparingthe
ratesoftherontformationandencystmentbetween
AealbopictusandourlaboratorystrainofAesier
rensis

Inductionisassessedbyexposingaliquotsof
trophontpopulationstofilteredtreeholewaterpre
viouslycontaininglarvaeofAealbopictusorAe
sierrensis Toevaluateparasiteresponsesto
comparablehostpopulationsthelarvalpopulations
arestandardizedfordevelopmentalstagerearing
temperatureandnutrientregimeduringthe48h
conditioningperiodWemassproducetrophontsin
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vitroinflaskscontainingadilutemixtureofcero
phylandvitaminsThesetrophontsareharvested
andaliquotedintoaseriesofpetriplatereplicates
containingwaterpreviouslyconditionedbylarvae
ofoneofthetwospeciesThecontrolgroupissim
ilartothetreatmentsinallrespectsexceptitlacks
anymosquitolarvaeduringtheconditioningperiod
Thiscontroltreatmentassessestheendogenous
rateoftherontformationintheabsenceof

mosquitoesCiliatepopulationsinthecontroland
conditionedwatersaremaintainedfor48htoallow
forinductionandtherontformationThenfirstin

starAesierrensisareaddedtoeachreplicateand
maintainedfor24hattheendof24hthelarvae
areremovedstainedwithamideblackandthe
numberofcuticularcystsperlarvaarecounted
Firstinstarlarvaeprovideastandardsubstratefor
therontencystmentbutaretoosmalltoingestthe
ciliatesThebioassayisquantifiedbycomparing
theparasiteattackratesthenumberofcuticular
cystsformedonAesierrensislarvaebyLclarki
populationsexposedtowaterconditionedbylarval
populationsofthetwotestspecies

Representativedatafromtwolaboratoryin
ductionexperimentsareshowninFigure1Thein
ductionresponseofoneofourLclarkistrains
designatedSFexposedtowaterconditionedbya
NorthAmericanstrainofAealbopictusorAesier
rensismaintainedateither11or16Cduringthe
conditioningperiodwasexaminedinthistestNo
significantdifferencesinthenumberofencysting
therontsfromcellpopulationsexposedtolarvaeof
thetwospecieswerefoundateithertemperature
Thusundertheselaboratoryconditionsthenum
bersoftherontsformedbyLclarkitrophontsex
posedtolarvaeofAealbopictusorAesierrensis
werethesame

Ourprotocolforevaluatingthehostprefer
enceofLclarkitherontsisquantifiedmuchlike
theinductionresponseprotocolTherontsarepro
ducedfromtrophontculturesinducedbywater
conditionedbyAesierrensislarvalpopulationsand
aresubsequentlyaliquotedintodishescontaining
larvaeofAesierrensisorAealbopictusorboth
speciesinthehostpreferencebioassayHost
recognitionandpreferencearequantifiedbycom
paringciliateencystmentratesonAealbopictus
withencystmentratesonAesierrensisTheen
cystmentratiobetweensinglespeciestreatments
canbecomparedtotheratiofromwithinmixed
populationstodetermineiftherontsactivelydis



criminatebetweenhostsorsimplyencystonwhat
everlarvaearepresent

DatainFigure2illustrateresultsfromlabo
ratoryexperimentscomparingattackratesofL
clarldtherontsstrainSFonlarvaefromtwo
NorthAmericanstrainsofAealbopictuswithat
tackratesonourlaboratorystrainofAesierrensis
TherontsencystedathigherratesonAesierrensis
thanoneitherstrainofAealbopictusinbothex
perimentsTheratioofencystmentreflectsthehost
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Figure1Laboratoryassessmentoftheinduction
responseofLclarkitrophontsexposedtowater
conditionedbyAealbopictusandAesierrensisat
11and16CEachbarrepresentsthemeannum
berofcuticularcystsonfirstinstarAesierrensis
from10replicatesofeachtreatmenteachreplicate
contained10larvaeandbarsrepresentonestan
darderrorofthemeanNosignificantdifferences
ininductionwerefoundinciliatepopulationsex
posedtowaterconditionedbylarvaeofthetwo
speciesat11CANOVAF 1898p 01852
orat16CANOVAF 2257p 01504
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preferenceoftherontpopulationsandiscalculated
asthenumberofcystsonAesierrensisdividedby
thenumberofcystsonAealbopictusForexam
pleinthetopgraphtheencystmentratiobetween
thesinglespeciestreatmentsis567andwithinthe
multiplespeciestreatmenttheratiois594Thus
inthistesttherontsofthisstrainofLclarkiat
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Figure2Laboratoryassessmentofthehostpref
erenceofLclarkitherontsexposedtolarvalpop
ulationsconsistingoffirstinstarAesierrensisor
AealbopictusorbothspeciesForbothexperi
ments10replicateswereusedforeachtreatment
andbarsrepresentmeanswithonestandarderror
Singlespeciespopulationsconsistedof10larvaeof
thedesignatedspeciesandmixedspeciespopula
tionsconsistedof5larvaeofeachspeciesInboth
experimentssignificantlyfewertherontsencysted
onAealbopictusthanonAesierrensislarvaein
comparisonsbetweensinglespeciestreatments
andwithinmultiplespeciestreatmentsANOVAp

Olforallcases



tackedAesierrensislarvaeatratesnearly6times
thatofAealbopictuslarvaeThesimilarityinen
cystmentratesforsingleandtwospeciestreat
mentsintheseandadditionaltestswehavecon

ductedsuggeststhattherontsactivelydiscriminate
betweenhostsanddonotrandomlyattackanylar
vaethatarepresent

In conclusion thesepreliminaryresults
demonstratethatlarvaeofAealbopictusmeettwo
ofthecriterianecessaryforbeingasuitablehost
forLclarkiSpecificallyAealbopictuslarvaein
ducetrophontpopulationsatratesthatareequiva
lenttothenaturalhostandtheyarerecognizedas
hostsbytherontsWhiletheencystmentresponse
oftheSFstrainofLclarkiisstronglybiasedto
wardsAesierrensisweneedtoconductreplicated
testswithdifferentstrainsofLclarkitoquantify
potentialdifferencesinhostpreferenceWeare
currentlymaintainingsevenstrainsofLclarkiin
vitroinourlaboratoryItmayalsobepossibleto
employlaboratoryselectionfordevelopingstrains
thatexhibitanenhancedpreferenceforAeal
bopictusFinallyinadditiontotheseaspectsof
hostsuitabilityotherresponsessuchasparasite
amplificationanddispersalbyinfectedadultsneed
tobeexaminedbeforethepotentialofLclarkiasa
biologicalcontrolagentforAealbopictuscanbe
evaluated
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EPIZOOTICSOFLAMBORNELLACLARKLOCALEXTINCTIONS

OFNATURALTREEHOLEPOPULATIONSOFAEDESSIERRENSIS

JanOWashburnandJohnRAnderson

Hostparasiteinteractionsbetweenthewest
erntreeholemosquitoAedessierrensisLudlow
andtheparasiticciliateLambornellaclarkiCorliss
andCoatshavebeenexaminedinfieldstudies
duringthepastseveralyearsinbreedingsitesatthe
UniversityofCaliforniaHoplandFieldStationin
MendocinoCounty Oneobjectiveofthiseffort
hasbeentoquantifytheimpactofLclarkionlar
valmosquitopopulationdynamicsandadultpro
ductionFordeterminingciliateinfectionlevelsin
naturaltreeholepopulationsweperiodicallyre
movedasampleof50larvaefromeachtreehole
andreturnedthesetothelaboratorywherethey
wereexaminedunderthemicroscopeat100
400XBecausetheinvasivecystsandendoparasitic
ciliatesofLclarkiarelargeandvisibleoverthis
rangeofmagnificationsweweregenerallyableto
determinebyexternalinspectionifanindividual
wasparasitized

Inconcurrentstudieswehavesimulatedthe
onsetofthewinterrainsbyartificiallyfloodingL
clarkipositivetreeholesduringthefallmonthsin
ordertomonitorthesequenceofeventsthatoccur
whentreeholesfirstfillwithrainwaterBycollect
ingwaterandlarvalsamplesat12hintervalsfor
thefirst4or5daysafterfloodingwehavebeen
abletodeterminethephenologyofAesierrensis
egghatchandtheappearanceoffreeliving
trophontsofLclarkireleasedfromrestingdesic
cationresistantcystsWehavealsobeenableto
estimateinitiallarvalandtrophontdensitiesrecord
thetimingandincidenceofthefirstparasitecycle
andmeasuretherelativeabundanceofthemajor
protozoanspeciesthatprovidepartoftheresource
basefordevelopinglarvae

Usingthisdatabasetoextrapolatetheimpact
ofLclarkionmosquitopopulationsinbreeding
siteshasproventobeaformidabletaskOnediffi
cultyininterpretingseasonaldataoninfectionlev
elsisthatLclarkihasseveralasynchronouspara
sitecyclesduringtheprolongedperiodofhostde
velopmentwhichmaylastfor5to7monthsIn
naturelarvaedie14to28daysafterinitialinfec
tionandciliatesreleasedfromcadaversattackand
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infectsurvivinglarvaeThetotalparasiteinduced
mortalityinatreeholemosquitopopulationisthe
sumofhostseliminatedduringallparasitecycles
Estimatingmortalityiscomplicatedbyprocesses
suchaslarvalrecruitmentfromnewlyhatched
eggshabitatdryingandrefloodingandavarietyof
otherfactorsQuantifyingactualparasiteinduced
hostmortalityforeachtreeholepopulationre
quiresaccuratecensusdataontemporalchangesin
theagestructureandsizeofpopulationsandac
quiringthesedatafrommanybreedingsiteswith
outdestructivesamplinghasbeenprohibitive
Nonethelessbymonitoringsufficientnumbersof
treeholepopulationsforseveralyearswehave
foundseveralpredictablefeaturesofhostparasite
interactionsthatappeartobeultimatelylinkedto
theproductionofadultmosquitoes

TheseasonalextinctionofAesierrensisin

sometreeholesresultingfromnaturalepizooticsof
Lclarkihasbeendocumentedinotherbreeding
siteswehavefoundconsistentlylowenzooticlevels
throughouttheprolongedperiodoflarvaldevel
opmentEgerterandAnderson1985Washburn
andAnderson1986Thehighestnumberofhosts
affectedbyLclarkiinmosttreeholepopulations
wasfoundshortlyafterfloodingofthebreeding
siteeitherbynaturalaccumulationofrainfallor
fromartificialfillingwithdeionizedwaterAsub
populationoftrophontsofLclarkithatwasre
leasedfromdesiccationresistantcyststransformed
intoparasitictherontsandattackedthenewly
hatchedlarvaewithin48 84hThissynchronous
attackphasemarksthebeginningofthefirstpara
sitecycleandwasquantifiedbymeasuringthe
proportionoflarvawithcuticularcystsfromeach
treeholepopulation

FollowingtherontencystmentLclarkicili
atesformsmallholesintheintegumentandinvade
thehostshemocoelwheretheybeginanendopara
siticexistenceClarkandBrandl1976Inexam
ininglarvalsamplesfrommosttreeholeswefound
alowerproportionofhostswithendoparasiticcili
atescomparedtotheproportionofhostswithcu
ticularcystsinprevioussamplesWeattributedthe



failureofsomeciliatestosuccessfullyestablishin
fectionstothreebiologicalprocessesFirstcutic
ularpenetrationprovidesaportalofentryforother
facultativelyparasiticmicroorganismsincluding
fungiandbacteriathatarecommontreeholein
habitantsWashburnetal1988Thesemicroor
ganismsusetheinvasionholecreatedbyLclarki
toenterthehostandthesecondaryinfectionsthey
createareusuallylethaltoboththehostlarvaand
ciliateparasite Secondsomefirstinstarlarvae
mountasuccessfulimmuneresponseandmelanin
andkilltheinvadingciliateshortlyafteritpene
tratesthecuticleThirdfullcuticularcystscon
tainingLclarkiciliatesareshedbysomelarvae
thatmolttothesecondinstarduringthefirstfew
daysafterhatching

Whiletherelativeimportanceofthesethree
processesvariedgreatlyamongtreeholepopula
tionswedidfmdageneralrelationshipbetween
infectionratesinthefirstparasitecycleand
mosquitosuccessIfthepercentageofinfectedlar
vaewasbelowapproximately25 weusuallyob
servedlowenzooticlevelsofLclarkiinfectionsin

subsequentsamplescollectedthroughoutthepe
riodoflarvaldevelopmentIncontrastinmost
holeswhererateswereinitiallygreaterthanabout
50 mostlarvalmosquitoeswerekilledbyciliate
infectionsduringthewinterandvirtuallynoadults
emergedOverallweobservedtheeliminationof
residentlarvalpopulationsbyciliateepizooticsin
approximately10ofthetreeholebreedingsites
occupiedbyLclarkiduringthisstudyItisim
portanttonotethatLclarkiisafacultative
mosquitoparasitethatiswellsuitedforsurviving
throughout the winter in treeholeswithout

mosquitoesUnlikecertainothernaturalenemies
Lclarkidoesnotbringaboutitsowndemisewhen
iteliminatesitshostratherfreelivingtrophonts
ofLclarkipersistbyfeedingonbacteriaandother
microorganisms

Insummaryourfindingsindicatethatthe
parasiticciliateLclarkicausesthenaturalextinc
tionofAesierrensispopulationsincertaintree
holes Ciliateepizooticscanoftenbepredicted
fromdataoneventsoccurringshortlyaftertree
holesfirstfloodwithrainwaterparticularlythe
successofthefirstwaveoftherontattackThein

tensityandsuccessofthefirstparasitecyclewhich
beginswiththerontencystmentonfirstinstarlar
vaeofAesierrensisismodulatedbyavarietyof
densitydependentandindependentfactors For
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exampleboththenutrientavailabilityandwater
temperatureinfluencethemoltscheduleoflarvae
andmaycalibratethelevelofsuccessfulciliatein
fectionsinthefirstcohortoflarvaeTheseand

otherfactorsinteractingincomplexwaysmayset
thetempoforsubsequentparasitecyclesduringthe
prolongedperiodoflarvaldevelopmentbymodu
latingthedensitiesofbothhostandparasitepopu
lations
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EFFICACYANDPERSISTENCEOFBACILLUSSPHAERICUSBACILLUS

THURINGIENSISVARISRAELENSISANDMETHOPRENEAGAINST

CULISETAINCIDENSINTIRES

VickiLKramer

ContraCostaMosquitoAbatementDistrict
ConcordCalifornia94520

ABSTRACT

Usedtiresareanimportantlarvalhabitatfor
manyspeciesofmosquitoessomeofwhichare
importantdiseasevectors Tiresposeaspecial
problemformosquitocontrolbecauseitisdifficult
forpesticidestopenetratethelarvalhabitatand
manytirebreedingmosquitoesareresistantto
someofthecommonlyusedpesticidesThebacte
rialpathogensBacillussphaericusandBacillus
thuringiensisvarisraelensisBtiandtheinsect
growthregulatormethoprenemayprovideother
optionsformosquitocontrolagencies

Bacillus sphaericus has demonstrated
prolongedlarvicidalactioninsometreatedhabi
tatsanddeadmosquitolarvaehavebeenshownto
serveasgrowthmediumforthebacteria This

studycomparedthepersistencegrowthandcon
trolpotentialofBsphaericusatthreedosagerates
intirescontainingcadaversofCulisetaincidens
andintirewaterwithalldeadlarvaeremoved

LiquidformulationsofBtiandmethoprene
aregenerallyeffectiveforonlyashorttimebut
theirefficacymaybeprolongedintheshadeThis
studyevaluatedtheefficacyandpersistenceofB
sphaericusBtiandmethopreneagainstCsinci
denslarvaeintiresexposedtofullsunlightas
opposedtotiresshadedbyadensecanopyoftrees

FieldstudieswereconductedattwositesAt
site12litersofwaterand50secondinstarCs
incidenswereaddedtoeachof21tireswhichwere
theninoculatedwitheither375ppm75ppmor
15ppmofBsphaericus2362orwerenotinocu
latedcontrolsAteachdosageratedeadlarvae
wereeitherremovedfromorleftinthetirewater
Percentmortalitywasdeterminedthreedayspost
treatment SevendaysaftertheBsphaericus
inoculationlarvaewereagainaddedtoeachtire
andthepercentmortalitydetermined This

procedurewasrepeatedweeklyoveratenweek
period
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TheefficacyofBsphaericusBtiand
methopreneagainstCsincidenslarvaeintireswas
evaluatedinopensunversusshadedhabitatsatsite
2 Tirescontaining2litersofwaterand50
secondinstarCsincidenslarvaewereinoculatedat
dosageratesof15ppmBsphaericus15ppmBti
VectobacTMAS600ITU25ppmmethoprene
AltosidTM SR10 or were not inoculated

controlsTherewerethreereplicatesofeachof
thefourtreatmentsinboththesunandtheshade
Thepercentmortalitywasevaluatedthreedays
postinoculationintheBsphaericusandcontrol
tiresandtwodayspostinoculationintheBti
treatedtires Sincemethoprenepreventsadult
emergenceitsefficacywasassessedbychecking
thetireseverytwodaysforpupaewhichwere
removedandplacedinindividualemergence
containersforobservationEveryweekforupto
13weekslarvaewereaddedtothetiresandthe
mortalityoremergenceratedeterminedasabove

Atsite1therewasgreaterthan90
mortalityforcatwoweeksposttreatmentintires
treatedwith75and15ppmBsphaericusand
containingcadaversandforcaoneweekinthe
othertreatedtires Mortalityexceeded50for
nineweeksinalltirestreatedwith15ppmB
sphaericusfornineandsixweeksinthe75ppm
treated tires with and without cadavers
respectivelyandforfourweeksinall375ppm
tiresInalltirestherewasaninitialdeclineinthe
mortalityrateandthenanincreaseapproximately
fourtosixweekspostinoculationsuggestingan
amplificationofthepathogen Atthelower

treatmentratesthecontinualpresenceofdead
larvaeinthetirewaterapparentlyincreasedthe
effectivenessofBsphaericussincemortalityrates
weregenerallyhigherintireswithcadaversAt15
ppmmortalityratesweresimilarintireswithor
withoutcadavers



Atsite2bothBsphaericusandBtipro
videdprolongedcontrolofCsincidenslarvaein
shadedtires 90mortalityforfiveandtwo
weeks 50mortalityfortenandfourweeks
withthetwobacteriarespectivelyandcontrolled
mosquitoesinsunexposedtiresadequatelyfor
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approximatelyoneweek Methopreneinhibited
theemergenceofca90ofthelarvaepresentat
the time oftreatment but not oflarvae

subsequentlyintroducedintoeitherthesun
exposedorshadedtires



EVALUATIONOFSELECTEDLARVIVOROUSFISHESFORMOSQUITO

CONTROLINWASTEWATEREFFECTSOFWATERHYACINTHDENSITY

DanielTCastleberryJosephJCechJrandWilliamColes

TheeffectofwaterhyacinthEichhornia
crassipesdensityontheabilityofmosquitofish
Gambusiaaffinis tocontrolmosquitoesin
wastewatermarsheswasinvestigated Four

replicatesofeighttreatmentswerearrayedina
randomizedblockdesignusing32207Ltanks
Twotanksineachblockcontained0816and32
hyacintheachFiftymosquitofishwereplacedin
onetankofeachdensityEightCulexpipiensegg
raftswereintroducedintoeachtankeveryother
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ABSTRACT
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daythroughout the 43day experiment and

mosquitoemergencewasmonitoreddailyMore
mosquitoesemergedfromtankswithlowhyacinth
density highdensitiesofhyacinthreduced
mosquitoemergencetoverylowlevels The

mosquitofisheliminatedemergenceatallhyacinth
densitiesNoeffectofhyacinthdensitycouldbe
discernedontheabilityofthefishtocontrol
mosquitoes



RATIONALEFORTHEDESERTPUPFISHCYPRINODON

MACULARIUSASACOMPLEMENTTOGAMBUSL4IN

MOSQUITOCONTROL

EFLegnerandRWWarkentin

Introduction

Researchinthepasttwodecadeswiththe
desertpupfishCyprinodonmaculariusBairdand
Girardasabiologicalmosquitocontrolagenthas
revealedseveralattributeswhichwouldmakethis

nativespeciesalogicalcomplementtoGambusia
affinisBairdandGirardLegnerandMedved
1974Legneretal1975Walters1976Waltersand
Legner1980Thepupfishstockedinlatespring
Juneat36255weeksoldfishperacre8957ha
inshallownaturalpondscausedallmosquito
breedingtoceasefourweeksafterintroduction
whereasinpondsstockedwith290000Gaffinis
per acre 716560ha mosquito breeding
continuedatasignificantlevelfor 8weeks

Legneretal1975Thispatternwasobservedre
peatedlyduringthe19751988periodLegnerand
Warkentinunpubdata

Thedesertpupfishdisplaysothercharacteris
ticswhichwouldmakeitaworthysupplementalbi
ologicalcontrolagentItconsumesallinstarsof
mosquitolarvaeandpupaeIntheabsenceof
mosquitopreyCmaculariusforagesmostlyinthe
benthosconsumingbenthicchironomidmidgelar
vaedetritusaquaticvegetationandsnailsGam
busiaaffinisforagingmostlyatthesurfacecon
sumeslargenumbersoffloatingterrestrialinsects
immaturechironomidsandsnailswhichareat
tachedtovegetationWalters1976Waltersand
Legner1980

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521

ABSTRACT

ThedesertpupfishCyprinodonmaculariuspossessesattributesthatwouldmakeit
anattractivesubstituteandorcomplementtoGambusiaaffinisformosquitocontrolPoten
tialbenefitsincludeimprovedmosquitocontrolinawidervarietyofhabitatsreductionofan
nualmosquitofishrestockingactivityaminimumofpiscivoroushabitsandimprobabilityof
indiscriminatetranslocationtoendangeredspecieshabitatsAlloftheseplustheaesthetic
beautyofthisnativefishshouldstimulateitsconsiderationforwideruseintheintegrated
controlofmosquitoesinCalifornia
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Althoughbothspeciesforagesimilarlyon
mosquitopredatorsandzooplanktonthepupfish
appearstoforagemoreeffectivelyinhabitatswith
coversuchasriceWalters1976andmosquito
upsetsorphytoplanktonicbloomsHurlbertetal
1972arenotproducedatspringstockingratesof
3625totalpupfishperacre8957haWaltersand
Legner1980

Gambusiaaffinisreproducesmorerapidlyin
shallowpondsandagreaterimpactonmosquitoes
mightbeexpectedbutlowernumbersofCmacu
lariusareequallyeffective

Cyprinodonmaculariusexhibitslittlepiscivo
rousbehaviorcomparedtoGaffinisItisalsocon
siderablymoreeuryhalineinitsnaturalhabitatand
adaptseasilytobothfreshandsalinewater46
68 conditionsBarlow1958abKinne1960
KinneandKinne1962InfactKinne1960re
gardedCmaculariusasoneofthefewtruly
holeuryhalineanimalsBycomparisonGaffinis
exhibitshighmortalityatthesamesalinitiesAhuja
1964andisnormallyfoundonlyinfieldsalinities
below25 Pupfishwillalsotoleratewatertem
peraturesindesertpoolsintherangeof8to44C
Brown1971BrownandFeldmeth1971Loweand
Heath1969TaylorandMinkley1966

Thedesertpupfishcohabitswithagreatvari
etyofotherfishesandaquaticorganismsinnatural
habitatsandirrigationdrainsFig1throughout
theLowerSonoranDesertofCaliforniaArizona





andnorthwesternMexicoThislifehabitisaccom

plishedwithapparentminimalecosystemdisrup
tionColeman1929Cowles1934Cox1972
LegnerandMedved1974LegnerandWalters
1980WalkerWhitneyandBarlow1961The
pupfishisalsoanattractivespeciesFig2where
malestakeonadeepblueorpurplebluenuptial
colorationWalters1976

DifferentsizesofCmaculariusschoolto

getherinsmallgroupsof2025fishSmallerindi
vidualstendtoremainneartheshorelineoraround

emergentvegetationThesmallschoolscoveran
entirepondhabitatatalldepthsasopposedto
Gambusiathatschoolinlargecommunitiesnear
thesurfaceandshoreCyprinodonmaculariusre
mainsneartheshallowwarmerwateroftheshore
atnighttimewhilescatteredactivityisfounddur
ingdaylight

ReasonsForDiminishedAttention

Giventhecomparableorsuperiorbiological
mosquitocontrolcapabilitiesofdesertpupfishone
askswhyhaventtheybeengivenincreasedatten
tion in the biologicalintegrated control of

mosquitoesinthesouthwesternUnitedStates
Earlyinthisdecadewhenmostoftheabove

mentionedattributesofpupfishasbiological
mosquitocontrolswereknownastrongargument
wasgivenagainsttheirusebytheCaliforniaDe
partmentofFishandGameItwasdecidedthat
introducingCmaculariusintheCentralValleyof
Californiamightresultintheextinctionofnative
fishspeciesandthattheirwidespreadusemight
causelossofrelatedspeciesinthegenusthrough
hybridizationThisnegativeevaluationdidnotcon
siderthenaturallylowerpopulationdensitiesof
pupfishcomparedtoGambusiathepracticalab
senceofpisciferoushabitsandtheirobvioushar
moniouscoexistencewithagreatvarietyofindige
nousandexoticfishesandaquaticorganismsinthe
SonoranDesertParadoxicallytheprovennegative
impactofGaffinisonendemicaquaticfauna
DeaconandBunnell1970ManusandFowler
1970cyprinidfishesMillerandHubbs1960ju
venileblackbassMyers1965andothernative
fishesDeaconandBunnell1970wascondoned

Anyonewhohasworkedwithbothspeciesof
fishwouldminimizeanythreatofindiscriminate
movementofCmaculariusThedesertpupfishis
extremelydifficulttocatchbecauseofitsveryfast
swimmingactivitywhentrappedorendangeredIt
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isnotpossibletomassproducethisspeciesincap
tivitywithoutathoroughknowledgeofitsbehavior
seeCrearandHaydock1971andWalters1976
Forthatreasonthetranslocationofpupfishcould
notbeaccomplishedwithoutguidancebytrained
personnelItisalsoexpectedthatreproductionof
CmaculariusinmostCentralValleysiteswould
notsucceedbecausesexualmaturityinthisfishis
favoredonlyatwatersalinitiesof35pptnear
seawateryetoptimumdevelopmentofimmature
fishoccursonlyinfreshwaterKinne1960Kin
andKinne1962Suchessentialhabitatcombina
tionsintermingledwithcertaincriticaltempera
turesfordevelopmentKinne1960Kinneand
Kinne1962arenotlikelytoexistoutsideofthe
lowerSonoranDesertareaandsuccessfulbreed
ingwouldrequireevengreaterhumancontrolof
thefish

ThegainsthatcouldberealizedwithCmac
ulariusthroughgreatermosquitocontrolinawider
varietyofhabitatsandreducedannualrestocking
activityplustheaestheticbeautyofthisNorth
Americannativearedesirableconsiderations

AnnualrestockingofGambusiaisusuallyre
quiredonabroadscaleinCaliforniaatthepresent
timeAfishsuchasCmaculariusthatmightbe
capableofpersistingfromyeartoyearinawider
rangeofhabitatsandwhichgavecomparable
mosquitocontrolcouldalsobeexpectedtoattaina
balancewithitspreyatloweraveragedensities
Thiswouldreducethebiomassoffishinanygiven
habitateliminatelargescalestockingactivitiesand
generallyreducethethreatagainstnativefishes

InherstudycomparingCmaculariuswithG
affinisWalters1976concludedthatCyprinodons
higheradaptabilitytosalinityandtemperatureex
tremesmakesitmorepracticalforintroduction
intomorediverseenvironmentsItsinsignificant
piscivoroushabitswouldmakeanyimpactonother
nativefishspeciesnegligibleoratleastreduced
overthatofGarnbusiaHoweverWaltersfeltthat
theenvironmentalimpactofeitherfishspecies
mustbecorrelatedwithspecificecosystemsandthe
abundanceofbeneficialinsectpredatorsinrelation
tocriticalmosquitodensities
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INOCULATIONANDSPREADOFPARASITICWASPSTO

CONTROLFILTHFLIESINPOULTRYHOUSES

Introduction

Filthbreedingfliesareamajorproblemfor
poultryanddairyproducersandfeedlotoperators
inmanyareasoftheUnitedStatesTheproblemis
particularlyacuteinsouthernCaliforniawhere
rapidsuburbanexpansionhasencroachedonagri
culturalareasBecauseofproblemsassociatedwith
unilateralchemicalflycontrolintegrated man

agementprogramsfortheseflieshavebeenunder
developmentinseveralregionsAxtell1970
LegnerandDietrick1974PetersenandMeyer
1983Naturalenemiesareimportantcontrol
componentsparticularlyinthe morestable

manurecommunitiesfoundinmanycagedlayer
dairyandfeedlotoperations

Amongthenaturalenemiesparasiticwasps
havereceivedthegreatestresearchemphasisand
mostofthepublishedworktodatehasdealtwith
observationsonseasonaloccurrenceAblesand
Shepard1976abLegnerandBrydon1966Legner
andGreathead1969LegnerandOlton1971
MuBensetal1986PetersenandMeyer1983Rutz
andAxtell1980andexperimentalparasitoidre
leasesLegnerandDietrick1974Morganetal
1975OltonandLegner1975RutzandAxtell
1979Howeverthereisnocleardescriptionofthe
numbersofparasitoidstoreleasehowlongthe
benefitsfromliberationspersistnorwhichspecies
orstrainsarebestsuitedfordifferentclimatesand
seasons

Wefollowthedispersaloftwoparasiticwasp
speciesonapoultryranchinthepresentstudyand

iDepartmentofEntomologyUniversityofCaliforniaRiver
sideCalifornia92521

2UniversityofCaliforniaExtension777ERialtoAveSan
BernardinoCalifornia924150730

3UniversityofCaliforniaLindcoveFieldStation22963Carson
AveExeterCalifornia93221

EFLegnerWDMcKeen2andRWWarkentin

ABSTRACT

LiberationsoftwospeciesoflaboratoryrearedparasiticwaspsMuscidifuraxzaraptor
andMuscidifuraxraptorellusona280000birdpoultryranchduringspringof1987resultedin
asignificantparasitismbuildupandspreadTheretentionofa15cmpadofmanurefollowing
cleaningoperationsinsummerAugustandSeptemberdidnotpreserveparasitoidpopula
tionsandthissuggestedaneedforadditionalparasitoidintroductionsaftercleaning

146

measuretheirimpactonexperimentallycontrolled
numbersofhostsinthehabitat

MethodsandMaterials

Twospeciesofhymenopterousparasitoids
wereintroducedona280000birdpoultryranch
nearHighlandCaliforniaduringspringof1987
andtheirrateofspreadandimpactonhousefly
hostswerestudiedWeeklyreleasesofcohortsofa
DenverColoradopopulationofMuscidifuraxzara
ptorKoganandLegnerandaPeruXChilehy
bridofMuscidifuraxraptorellusKoganandLegner
weremadefromApril21toJune91987Thelat
tercohortboreabehavioralgeneticmarkerofgre
gariousoviposition oneegglaidperhostindi
vidualThisenabledpositiveidentificationoffe
maleparasitoidsinagroupwhereonlymalechar
actersarepositiveKoganandLegner1970
Legneretal1976

Twoseparateblocksofpoultryhouseswere
chosenforeachparasitoidspeciesEachblockcon
sistedof42rows185mlongofopposedcages2
3birdspercageManureaccumulatedunderthe
cagesinatypicalconeconfigurationandwasca05
mhighatthestartoftheexperiment Manure

rowswereseparatedbyconcretewalkways
Rowswerealternatedforeachtreatmentcon

sistingofacontrolasinglereleaserate1Xanda
doublereleaserate2XReleasesandsamples
wereconfmedtothemid152msectionofeach

185mlongrowWeeklyparasitoidreleaseswere
madefromApril21toJune9thofMuscidifurax
zaraptor1X560parasitoids2X1120para
sitoidsandMuscidifuraxraptorellus1X 3500
2X 7000Therewerefourreplicatesofeach
treatment

Allmanurewasremovedtoa15cmpaddur
ingthe26Augustto8SeptemberintervalSites
weremonitoredforparasitismatweeklyintervals



from21Aprilto9Juneand22Septemberto10
October

Samplingwasaccomplishedbyemployingthe
sentinelbagtechniqueRutzandAxtell1979
Muliensetal1986Thebagswereconstructedof
63meshcmfiberglasswindowscreenandeach
onecontained25Muscadomesticapupariathat
were1218hroldatthestartofanexposureThe
weeklydistributionof16bagswasevenlyspaced
alongthe15mmidsectionofarowThebagswere
placedinthedryfriablemanurenaturallarvalfly
pupationsitesalongtheedgesofthewalkways
andeachonewascoveredwith12cmofdryma
nureAllpupariaweredistributedrandomlywithin
thebagbyshakingitduringbagplacementUpon
collectiononeweeklaterthebagswereopenedin
thelaboratoryandthepupariaweretransferredto
46cmplasticscreenedvialsforparasitoidandhost
emergencePupariawhichfailedtoyieldeither
adultfliesorparasitoidsweredissectedtoassess
abortedparasitism

Twothermographswereplacedattwositeson
theranchtorecordtheairtemperaturealongthe
edgesofthewalkways

Analysesofvariancewereperformedonper
centagedataaftertransformationtothearcsinsqr
rt 12DuncansmultiplerangetestsSteel
andTorrie1980wereusedtodetectsignificant
differencesatP005Correlationanalysesonun
transformedvaluestestedtheeffectsoftempera
tureonparasitizationandhostkillintensity

ResultsandDiscussion

Tables1and2showthepercentageofpupae
thatwereparasitizedintheMzaraptorandM
raptorellusreleasepoultryhousesrespectivelyand
theaccompanyingtotalpupalmortalityTable3
givestheweeklymeanmaximumminimumand
averagetemperaturestakennearthesentinelbag
placementsitesfortheentireparasitoidreleasepe
riod

ParasitismandPupalMortalityParasitismof
pupaeinthesentinelbagsintheMzaraptorre
leasehousesincreasedsteadilyfromzeroonApril
21stto29644onJune9thTable1Therewas
nosignificanttendencyforahigherparasitismby
Mzaraptorinanyofthethreetreatmentscontrol
1X 2Xandthisindicatedahighparasitoiddis
persalrateParasitismbytheresidentSpalangia
cameroniPerkinsfollowedasimilarapparently
randomdistributionandincreasedsteadilyasthe
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experimentprogressedPupalmortalityincreased
similarly

ThesametrendwasobservedintheMrap
torellusreleasehousesTable2 Howeverthis
parasitoideitherdispersedfartherfromtherelease
sitesoritdemonstratedalesserparasitizationrate
becausepercentparasitismwasnotashighaswith
thepreviousspeciesTables1 2

TemperatureInfluencesTable3showsthat
theaveragetemperaturesduringtheentirepara
sitoidreleaseperiodremainedquiteuniformwith
nosignificantwarmingtrendThereforetheob
servedincreasesinparasitismwereprobablydueto
inherentpopulationcharacteristicsofScameroni
andacombinationofpopulationtrendsand
cumulativeeffectsofparasitoidreleasesinthe
MuscidtfuraxparasitoidsRandomsamplesofpu
paefrommanureshowedthatnativeFanniaspp
accountedfor956ofthenaturalflybreeding
Thesepupaewerealsoparasitizedbyallthree
parasitoidsandservedaswildhostsforparasitoid
populationincreases

Correlationanalysesperformedtotestthe
relationshipbetweenthedegreeofparasitismand
temperatureduringthefirstthreedaysofpupalex
posurewhenmorethan90ofparasitismoc
curredindicatednospecialrelationshipsforM
zaraptorHoweverMraptorellusshowedasignifi
cantcorrelationwithmaximumandaveragetem
peraturesr 0544051615dfrespectivelyIt
appearsthatMraptorellusofSouthAmericanori
ginmayhaveaslightpreferencetoparasitizeat
warmertemperatures

EffectsofMuscidifuraxReleasesonSpalan
gLITherewasnomarkedrelationshipbetweenS
cameroniactivityandthenumberofMuscidifurax
individualsliberatedThisconclusionwasbasedon
thederivedcorrelationcoefficientsallofwhich
werelessthan01

ParasitoidDispersalThegregariousoviposi
tionbehaviorofMraptorellusdistinguishedthis
speciesfromallotherparasitoidsactiveduringthe
studyintervalThereforeitwaspossibletoexam
inethedispersalpatternofthisspeciesoverboth
experimentalsectionsofthepoultryranch

Datathatwereaccumulatedatallsentinelbag
exposuresitesandaveragedoverthetwomonth
studyintervalareshowninTable4Muscithfurax
raptorellus distributed toall parts ofboth
experimentalareaswith164oftotalrecoveries
beingmadeintheMzaraptorreleasesections



Table1Percentof25MuscadomesticasentinelpupaeparasitizedbyMuscidifuraxzaraptorandSpalangia
cameroniandtotalmortalityofpupaeinpoultrymanureatHighlandCaliforniaduringAprilJune1987

sentinelbagassessmentinMzaraptorreleasehouses

Week

beginning Contr 1X 2X Contr 1X 2X Contr 1X 2X

42187 0 0 0 16 44 85 212 288 382

42887 0 0 13 78 45 0 227 202 125

50587 0 0 0 56 144 23 132 250 67

51287 10 72 18 46 23 15 330 382 390

52687 0 182 0 179 250 310 335 638 532

60287 68 55 70 370 460 395 585 630 642

60987 296 312 440 211 277 128 719 705 822

aControl noparasitoidsreleased
1X 560Mzaraptorreleasedperweek
2X 1120Mzaraptorreleasedperweek

Table2Percentof25MuscadomesticasentinenlpupaeparasitizedbyMuscidtfuraxraptorellusandSpalangia
cameroniandtotalmortalityofpupaeinpoultrymanureatHighlandCaliforniaduringAprilJune1987

sentinelbagassessmentinMraptorellusreleasehouses

Week

beginning Contr 1X 2X Contr 1X 2X Contr 1X 2X

42187 03 0 15 61 98 20 564 522 628

42887 0 05 08 52 52 10 182 180 190

50587 73 40 125 20 03 05 212 153 285

51287 02 03 0 34 07 42 304 302 278

52687 17 50 18 321 280 325 465 481 507

60287 13 98 0 448 422 490 684 695 725

60987 61 53 23 316 318 252 736 833 745

aControl noparasitoidsreleased
1X 3500Mraptorellusreleasedperweek
2X 7000Mraptorellusreleasedperweek

PERCENTPARASITIZEDBY PUPALMORTALITYTO

Mzaraptor Scameroni

PERCENTPARASITIZEDBY PUPALMORTALITY

Mrqptorellus Scameroni
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Table3Averagetemperaturesrecordednearthe
siteofsentinelbagplacementinpoultrymanureat
HighlandCAduringtheApril21toJune91987
period

Week MEANTEMPERATUREC

Beginning Maximum Minimum Average

42187 278 114 195

42887 244 122 178

50588 331 147 231

51287 285 157 207

51987 220 121 165

52687 243 117 174

60287 333 156 237

60987 285 146 199

Table4DistributionofgregariousMuscidifitrax
raptorellusoverbothexperimentalsectionsofthe
poultryranchatHighlandCaliforniaduringthe
ApriltoJune1987interval

X234X

X078X

X078X

X520X

X041X

X150X

X457X

X078X

Mzaraptor
releasesection

Total 164

X1558X

X1480X

X1400X

X312X

X780X

X079X

X2290X

X545X

Mraptorellus
releasesection

Total 836

4185m
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Table4Asonlythecenterofeachrowwasex
aminedcriticallyforparasitismtheactualdistri
butionofparasitoidswasundoubtedlymuch
greateralongthevariousrowsThiswasverifiedby
observationsofMraptorellusparasitisminrandom
samplesofFanniaspeciestakenfromotherparts
oftheranch

EffectsofManureRemovalRemovalof
manuretoa15cmpadbySeptember8thwasdev
astatingtoparasitoidactivityTherewasnocarry
overofreleasedspeciesandonlytheresidentS
cameronipersistedanditcausedlessthan1par
asitismofthesentinelpupaeTotalpupalmortality
alsoaveragedunder8datanotshownItisap
parentthatwithoutreintroductionofparasitoids
followingmanureremovalinlatesummerflypupal
survivalisveryhighandimmigrationofnativepar
asitoidsistooslowtobeofsignificanceinpopula
tioncontrol
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EVALUATIONOFAEROSOLAPPLICATIONSUSINGEXPERIMENTALAND

OPERATIONALMATERIALSDURING1988

KennethRTownzen1DavidBWhitesellandKennethGWhitesell

Introduction

Atotalof27coldfoggertestlineapplications
wasmadeinSolanoMaderaGlennandColusa
MosquitoAbatementDistrictsduringthe1988
mosquitoseason Variousapplicationsofmala
thion malathionpiperonyl butoxide PBO
malathionpyrethrinmalathionresmethrin py

rethrinPBOresmethrinPBOpermethrinPBO
phenothrinchlorpyrifosandchlorpyrifospyreth
roidweremadeagainstcagedlaboratoryreared
susceptibleCulexpipiensLinnaeusandwildcaught
CulextarsalisCoquillettCrpipiensAedesmei
animonDyarandAnophelesfreebomiAitken
SummariesofapplicationsareshowninTable1
Resultsasanindicationofexpectedoperational
successrangedfrompoortoexcellentThemost
successfuloftheduplicatedrunsaredescribedwith
emphasisplacedonthewildCrtarsalispopula
tions

MethodsandMaterials

Twotypesofvehiclemountedcoldfoggers
wereusedinthesetestsdistrictbuiltunitsasde

scribedbyWhitesell1973andthecommercially
builtLecoHD9 Allfoggersproducedsimilar
dropletsizesasmeasuredbyUniversityofCalifor
niaDavisLASERDropletMeasurementequip
mentaccordingtoWilliamSteinkeperscomm
Variousformulationsandchemicalconcentrations

wereusedandwillbedescribedforselectedappli
cationsApplicationsweremadeduringtempera
tureinversionorlaminarflowconditionsandwhen
windspeedswerelowerthan10mphDisposable
paperandnylonnetcagesasdescribedby
TownzenandNatvig1973wereusedtoevaluate
mosquitomortalities Allmortalitycountswere
made12hfollowingtheapplicationsCageswere
affixedtothetopofa42insurveyorslathand
placedat0ft200ft400ft600ft1320ftandas
notedto2640ft3960ftand4800ftdownwind

Susceptible Ct pipiens from the En

vironmental Management Branch laboratory

lEnvironmentalManagementBranchCaliforniaDepartment
ofHealthServicesSacramentoCA

ColusaMosquitoAbatementDistrict
PostOfficeBox208ColusaCalifornia95932
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colonywereusedasindicatorsofsuccessfulappli
cationWildcaughtmosquitoeswereusedasindi
catorsofoperationalinsecticideefficacy Wild

caughtmosquitoeswerecapturedbymechanical
aspirationfromrestingstationsorbitingcollec
tionsandfromCO2baitedEVStraps

DescriptionandResults
MalathionPBOMalathionresistantCrtar

salisfromtheColusaMADTownzenetal1987
werechallengedwithmalathionsynergizedwith
PBOonfouroccasionsin1988Figure1showsthe
mortalitiesoflaboratoryrearedCtpipiensand
wildcaughtCttarsalisfortheJuly12application
TheJuly12applicationwasconsideredthemost
successfulofthefourhavingthehighestmortality
countsforCrtarsalisPBOwasmixed21with

91malathionandappliedat111flozminon
thisrun Vehiclespeedwas10mph Southby
southeastwindscoolingwindsprevailedthrough
outthedayofthetestLaminarflowconditions
weremeasuredduringtheapplicationwhichbegan
at2010hBoththe32ftandthe8ftthermister
measured81F Allapplicationsindicatedthat
PBOdidnotsynergizemalathionunderoper
ationalconditions

ChlorpyrifosDursban6lbgalchlorpyrifos
formulatedto2lbgalwasevaluatedtwiceat
GlennCountyMADandonceatSolanoCounty
MADThehighermortalitiesofthetwoGlenn
testsandtheSolanoapplicationarediscussedbe
lowOmittedfromthediscussionarethethreeex

perimentalchlorpyrifospyrethroidformulations
evaluatedagainstorganophosphateOPresistant
CttarsalisattheColusaMADTheformulator

requestedthatthespecificsbekeptconfidential
SolanoMeteorologicalmeasurementsshowed

a15Ftemperatureinversionwithwindspeedof8
9mphTwolbgalDursbanwasappliedat118fl
ozminwithavehiclespeedof10mphStarting
timewas0630hrsFigure2showsthemosquito
mortalities 12 hours after the application
Mosquitomortalitiesofthefoggerapplicationwere
comparedtofilterpapersusceptibilitytestsasre
portedbyMacThompsoninthisProceedings



Table1Summaryof27coldfoggerapplicationsofoperationalandexperimentalinsecticidesagainstcaged
mosquitoesduringthe1988season

DateLocation Chemical MosquitoSpecies Results

621Colusa MalathionPBO CxpipiensCxtarsalis
AemelanimonAevexans Poor

621Colusa PyrethrumMalathion CpipiensCxtarsalis Fair

628Colusa MalathionPBO CtpipiensCxtarsalis Poor

628Colusa PyrethrumMalathion CxptpiensCxtarsalis Great

629Colusa MalathionPBO CrpipiensCxtarsalis Poor

629Colusa PyrethrumMalathion CrpipiensCrtarsalis Great

712Colusa MalathionPBO CxpipiensCrtarsalis Poor

712Colusa Pyrethrum CxpipiensCactarsalis Great

713Colusa MalathionResmethrin CxpipiensCxtarsalis Poor

713Colusa Phenothrin CxpipiensCxtarsalis Poor

727Glenn Dursban CxptpiensCxtarsalis Poor

728Glenn Dursban CrpipiensCxtarsalis Poor

830Colusa PermethrinPBO QtarsalisAemelanimon

Anfreebomi Good

830Colusa PermethrinPBO CxtarsalisAemelanimon

Anfreeborni Fair

830Colusa PermethrinPBO CxtarsalisAemelanimon

Anfreebomi Poor

831Colusa DursbanPyrethroid CrtarsalisAemelanimon

Anfreebomi Mixed

831Colusa DursbanPyrethroid CxtarsalisAemelanimon
Anfreeborni Mixed

831Colusa DursbanPyrethroid CxtarsalisAemelanimon

Anfreebomi Poor

91 Colusa PermethrinPBO CxtarsalisAemelanimon

Anfreebomi Good

91 Colusa PermethrinPBO CxtarsalisAemelanimon

Anfreeborni Good

91 Colusa PermethrinPBO CvtarsalisAemelanimon

Anfreebomi Poor

93 Madera Resmethrin CtpipiensCrpipiens Good

914Madera Pyrethrum CxpipiensCxpipiens Fair

921Solano Resmethrin CrpipiensAemelanimon Great

921Solano Pyrethrum CtpipiensAemelanimon Great

922Solano Dursban CxpipiensAemelanimon
Cttarsalis Great

922Solano Malathion CxpipiensAemelanimon
Cxtarsalis Mixed

152



153

0

0

1 1 1

0 0 0 0 0
00CO N

AInVId0141

0



100

40

20

PYRENONECROP SPRAY

vs C4

80 SOLANO88

E 45125flozmin11mph

e460
COLTJSA88

c 6080flozmin8mph

0 400 1320 2840 3980 4800

DISTANCE DOWNWIND

ft

Figure5MortalityofcagedCulextarsalisfollowingcold
foggerapplicationsofPyrenoneCropSprayatSolano
CountyMADSeptember221988andColusaMADJuly
71988

Bothfoggerandpapertestsutilizedmosquitoes
fromthesameEVSlighttrapcollectionsandwere
completedthesamedaySimilarresultsindicated
thatinawildpopulationofborderlineresistant
Cxtarsalis5wouldbeexpectedtosurvivean
operationalapplication

GlennTwolbgalDursbanwasappliedat
137flozminatavehiclespeedof8mphThe
materialwasappliedat2110hwithatemperature
inversionof200Fandwindvelocitiesof23mph
EvaluationoftheGlennrunindicatedaresistant

populationFigure2Thefirstcageatground
zerodidnothave100mortalityandmortality
beyond400ftwasapproximately50Againfilter
papertestsindicatedaresistantpopulationwith
fieldmortalitiesof50tobeexpected

PermethrinSixexperimentalapplicationsof
permethrinsynergizedwithPBOweremadeatthe
ColusaMADtestarea Threepercentperme
thrin15PBOand4permethrin12PBO
wereappliedattheflowratesof510and16fl
ozminCagedCxtarsalisAemelanimonand
Anfreebomiwereusedtoevaluatechemicaleffi
cacyOnsiteweathermonitoringindicatedtem
peratureinversionsof05Fto250Fwithwind
speedsof57mphVehiclespeedwas10mph

Nosignificantdifferencesinmortalitywere
observedinthethreemosquitospeciesexposed
eachwasequallysusceptibletotheformulations
usedMortalitycountsforthe10and16flozmin
rateswerecomparableandnotsignificantlydiffer
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ent Tenflozminwasequallyeffectiveasthe
higherrate All5flozminapplicationswere
operationallyunsatisfactory

ThemortalitiesofcagedCttarsalisatoutput
ratesof5and16flozminforbothformulations
areshowninFigures3and4Significantnumbers
ofmosquitoestermedoneleggersandspinners
wereobservedinallcagesAlthoughbiologically
deadmosquitoesBDMtheywereintentionally
notincludedinthemortalitiesshownWhenin

cludingBDMsinthegraphsmortalitiesinallcages
wouldapproach100eventoadistanceof2640ft
downwind

Both10and16flozminshowedtheBDM
phenomenonThe5flozminflowratehadfew
BDMsandmostlysurvivorsThesignificanceof
theoneleggedspinnereventisrelatedtothepes
ticideAninsecticideconcentrationapproachinga
sublethaldoseisindicatedwhenmosquitoesare
foundinthiscondition Ourevaluationshows

permethrinPEOtobeapromisingmaterialfor
controlofOPresistantQtarsalisFurthertesting
athigherconcentrationsisplannedforthe1989
mosquitoseason

PyrethrinPyrethrinPyrenoneCropSpray
660wasevaluatedagainstlaboratoryrearedCr
pipiens andwildcaughtCttarsalisatSolano
CountyandColusaMADs

ColusaTheapplicationwasmadeduring
laminarflowconditionswithwindvelocitiesof56

mphCageswereplacedtoamaximumdistanceof



4800ftdownwindVehiclespeedwas8mphand
outputwas8flozmin Figure5shows100
mortalityofCrtarsalisinallcages

SolanoPyrenoneCropSpray660wasdi
lutedwithwater31tomakea45formulation
A3Ftemperatureinversionandwindvelocitiesof
67mphwererecordedatthesiteduringthetest
Cageswereplacedto3960ftdownwindMortali
tiesof100wereobservedinallcagesFigure5

DiscussionandConclusion

ApplicationsagainstwildcaughtadultCr
tarsalisshowedconsiderableorganophosphatere
sistanceHoweversuccessfulcontrolofAnopheles
andAedesmosquitoeswouldbeachievedwiththe
chemicalsusedinthisstudyTestsindicatedthat
PyrenoneCropSprayisthematerialofchoicefor
thesuccessfulcontrolofOPresistantadultCt

tarsalisinthecropareastestedContinuedevalua
tionofmaterialsforfutureconsiderationwillbe

necessaryforefficacydetermination
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AERIALAPPLICATIONOFSCOURGEINORCHEX796OILAGAINSTCULEX

TARSALISDURINGNONINVERSIONCONDITIONS

CHSchaeferlFSMulliganIIIandHLClement

ABSTRACT

ScourgeisapossiblereplacementforBaygonpropoxuragainstOPsusceptible
andOPresistantstrainsofadultmosquitoesOrchex796oilisasuitablediluentat1233vv
Applicationofthisformulationat1flozA0004lbAIAcontrolsadultCulextarsalisus
ingthespraysystemdescribedTheeffectiveswathwidthwasca120ftunderdaylighttem
peraturelapseconditionswitha23mphcrosswindIfapplicationscouldbemadeunder
temperatureinversionconditionswhicharelimitedto3045minutesbeforedarknessandthe
sameperiodafterdaybreaktheeffectiveswathcouldbeincreasedbyca2foldFrequently
howeverworkschedulesrequireaerialapplicationsoutsideofthebriefperiodsoftempera
tureinversionandswathwidthwillhavetobeadjustedaccordingly

Introduction

DuringthepastyearMobayCorporationan
nounceditwoulddiscontinuemarketingthecar
bamateBaygonalsoknownaspropoxurasan
outdoormosquitocontrolagentMosquitoabate
mentagenciesinCaliforniaespeciallyinthe
southernSanJoaquinValleyhavedependedheav
ilyontheuseofthiscompoundforcontrolling
organophosphorusresistantOPRadultssince
1968BaygoniseffectiveagainstOPRstrainsof
CulextarsalisCoquilletandcouldhavebeenused
topreventpopulationbuildupofthisspeciesdur
ingathreatofanencephalitisepidemicSchaefer
etal1985Reisenetal1985Withthewith
drawalofBaygonfromthemosquitoadulticide
marketplaceitisimperativethatareplacements
befoundassoonaspossible

TheMosquitoControlResearchLaboratory
hasevaluatedpotentialadulticidesforover20
yearsAllneworganophosphoruscompoundsthat
wereavailableinrecentyearshaveshowncrossre
sistanceagainstOPRstrainsofCttarsalisand
CtdexquinquefasciantsSay Nonewpromising
carbamateshavebecomeavailableThusithas
becomeimperativetoevaluateallpossiblere
placementsofwhichtherearefew

SBP13825benzy13furylmethyl22di
methyl32methyllpropenylcyclopropanecar
boxylateisalsoknownasresmethrinandas
Scourgewhenformulatedwith1partactiveingre
dientto3partspiperonylbutoxidesynergistThis

1MosquitoControlResearchLaboratoryUniversityofCal
ifornia9240SRiverbendAveParlierCA93648

2KernMosquitoAbatementDistrictP0Box9428Bakers
fieldCA93389
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syntheticpyrethroidhasbeenevaluatedasa
mosquitocontrolagentbeginningalmost20years
agoThepurposeofthispaperistodescribere
cent1988evaluationswhichincludecareful
considerationofthebestdiluentavailableandof

themeteorologicalconditionsunderwhichaerial
adulticidingwouldhavetobeconducted

PreviousStudies

SBP1382wasfirstevaluatedbytheMosquito
ControlResearchLaboratoryin1970Initialtests
wereconductedagainstOPSandOPRstrainsof
mosquitolarvaeAsummaryoftheseresultsis
giveninTable1Whilesusceptibilitywasapparent
forAedesnigromaculisLudlowtheapproximate
3XdifferenceintheLC9osfortheOPSandOPR
strainsofCttarsaliswascauseforconcern

althoughalessthan5Xdifferencecannotbecon
sideredasstrongevidenceofcrossresistance

ThreefieldtestsagainstadultAe ni

gromaculisweremadein1976usinga20lb
AIgalECformulationArelativelyhighdoseof
001lbAIgalwateracrewasusedsinceanear
liertestwithlowerdosesgroundapplicationsus
ingacoldfoggeryieldedpoorresultsA40Aal
falfafieldinKingsCountyhavingaheavyadult
populationofAenigromaculiswastreatedat0930
hrsduringclearcalmconditionsusinga60ftswath
inthefirsttrial Noreductionintheadult

populationwasapparentAsecondtestonanother
40AfieldinKingsCountyundersimilarconditions
yieldedthesameresultDuetothepossibilitythat
theactiveingredientdecomposedduetophoto
instabilityathirdtestwasappliedatdaybreakas
soonasenoughlightwaspresentforthepilottobe
abletoseeobstaclesona20ApastureThesky



wasclearthewindcalmandthetemperature65F
butnoknockdownorreductioninthenumbersof

AenigromaculisadultswasapparentThuseven
atthishighdose001lbAIAnoefficacywas
obtained

ThetoxicityofresmethrinSBP1382desig
nationnolongerusedbythisdatetoanOPSlab
oratorystrainofCxquinquefasciatuswascom
paredtothatofanOPRstraincolonizedfromthe
stormdrainsinFresnoCAin1981AlsotheOP
Rstrainwastreatedwith1partresmethrinplus5
partspiperonylbutoxidesynergistTheseresults
aresummarizedinTable2 TheOPRstrain

showedanLC90ca14foldgreaterthantheOPS
strain indicating crossresistance However
throughsynergismwithPBOtheLC90oftheOP
Rstrainwasreducedbyfivefold

Aerialadulticidetrialsweremadein1983us

ing1partresmethrinto3partsPBOanddiluted
withKlearoloilWhitcoChemicalCo The

sprayingsystem2480015nozzlesat60psiwas
calibratedtodeliver3fluidozA0007lbAIA
ThreeapplicationstolinesofcagedCrtarsalis
adultseachcage20feetapartfor600feetgave
highlyvariableresults Thesprayparticlesizes
wererelativelylargevolumemassdiameters
VMDsaveraged122micronsandtheresultswere
notconsideredtobeoperationallyeffective

1988Studies

InreconsideringthepotentialofScourgefor
aerialadulticidingseveralquestionshadtobead
dressedpriortonewfieldevaluations 1under
whatmeteorologicalconditionsieinversionor
lapsetemperatureprofileshouldthematerialbe
tested 2whatatomizationsystemshouldbe
usedand3whatdiluentwouldmostlikelybe
effectiveingettingtheactiveingredientplussyner
gisttothetarget

Considerationofmeteorologicalconditions
Mosquitoabatementdistrictshavebeenadvisedin
thepasttoconductadulticidingoperationsunder
periodsoftemperatureinversionsinordertomaxi
mizelateralmovementeffectiveswathwidth
Howeverourexperiencewasthatsuchtempera
tureinversionsintheSanJoaquinValleydidnot
occurwhenaerialapplicationswereattemptedA
recordingweatherstationRMYoungModel
41402JTemperatureDeltaTIndicatorwhich
measuresandrecordstemperaturesat8and32
feetabovegroundandwindvelocityanddirection
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at15feetabovegroundwassetupattheKern
MADandoperatedduringJulyAugustand
SeptemberinordertoclarifythismatterAcon
sistentpatternoftemperatureinversionsoccurred
Temperatureinversionsgenerallybegan3045
minutesbeforedarknessremainedthroughoutthe
nightandrevertedtolapseconditions3045min
utesafterdaylightbeganThestrongestinversions
46Cgenerallyoccurredbetween2200and2400
hrsFrequentlyinversionconditionsdidnotstart
untilduskandtheysometimesterminatedbefore
daylightSuchbriefperiodsjustbeforedarknessin
theeveningandjustaftersunriseinthemorningdo
notprovideadequatetimeforoperationalaerial
applicationsunlesstheworkcanbeaccomplished
in3045minutes Thereforeitisimportantto
definesprayingparametersthatcanbeusedunder
daylightconditionswheretemperaturesdecline
withincreasingaltitudeattheadiabaticlapserate

Whatatomizationsystemshouldbeused
Duetorelativelypoorresultsinmostprevioustri
alsitwasconsidereddesirabletoattempttoobtain
amuchsmallerdropletspectrumca50microns
VMDThereforethesprayboomwasequipped
with4Beecomistelectricnozzleshaving25micron
sinteredstainlesssteelsleevesthesewerespaced
at8feetand20feetlaterallyfromthefuselageon
eachwingofanAyresThrushaircraft

Whatdiluentwouldlikelyassistingettingthe
insecticideandsynergisttothetargetCompari
sonofcommerciallyavailableoildiluentsledtothe
choiceofOrchex796Thisoilhasbeenusedin

cropprotectionformanyyearsanditfunctionsasa
spreaderstickerpenetrantandlowvolatilitycar
rier

1988FieldTrialSprayingSystemsConum
ber496135flowregulatorswereusedandthe
boomwaspressuredat20psitoemit011galmin
pernozzletoachievethedesiredapplicationrateof
1ozformulationperacreTheAyresThrushwas
flownat140mphatanaltitudeof1520feet
ScourgewasdilutedwithOrchex796oilat1233
vvAcalibrationtrialwasmadeandtheabove
systemdelivered1fluidounceperacreassuminga
200footswathMeasurementofthespraydroplets
fromtefloncoatedslidesheldinabatteryoperated
rotatorshowedaVMDof47microns

AremotesiteinwesternKernCountywas
usedtodetermineefficacyofScourgedilutedwith
Orchex796usingtheaboveapplicationparameters
AdultmosquitoesCrtarsaliswereplacedat20



Table11970testsonthetoxicityofSBP1382tosusceptibleandresistantstrainsofmosquitolarvaeinppm

Species Strain LC50 LC90

Culexquinquefasciatus OPS 00061 0010

Culextarsalis OPS 00081 0013

Culextarsalis OPR 0016 0038

Aedesnigromaculis OPS 00055 0010

Aedesnigromaculis OPR 00080 0014

Table2SusceptibilityofadultCulexquinquefasciatustoresmethrinandresmethrinsynergizedwithpiperonyl
butoxideinppm

Treatment Strain

Resmethrinonly

OPsusceptible

test

no Lc LC90

1 0011 0025 1 0040 022

2 0011 0017 2 0054 024

3 0013 0036 3 0043 060

Avg 0012 0026 Avg 0046 035

Resmethrin 1 00095 0082

plus5XPBO 2 00045 0082

3 00083 0045

Avg 00074 0070

LaLaboratorystrain
StrainisolatedfromundergroundstormdrainlinesinFresno
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OPresistantb

test

no LC50 LC90



footintervalsincagesheldon4ftstakesTheap
plicationwasmade45minutesafterdaylight
72688Thetemperaturewas270Cat8ftand
269Cat32ftAT 01CAtemperaturein
versionwaspresentearlierbefore0640hrsand
thischangedtothelapseconditionpriorto0659
hrswhentheapplicationwasmadeThewindwas
23mphfromthesoutheastandtherelativehu
miditywas50

Completeadultmortalityoccurredincages
120ftdownwindoftheflightlineand3590
mortalityinthose120260feetdownwindHadthe
applicationbeenmadeearlierwhilethetempera
tureinversionwaspresentaneffectiveswathof
200ft wouldalmostcertainlyhavebeenob
tainedThusapplicationunderthelapsecondition
stillallowedforcontrolbuttheeffectiveswath

widthwasreducedbyca50Alsotheeffective
swathwidth120ftwaspartlydeterminedbythe
23mphcrosswindTheeffectiveswathwouldhave
beenreducedtotheaircraftwingspanplussome
lateralmovementduetowingtipvorticesprobably
6065ftoverallinanowindcondition

Spraydropletspectraat60and160ftdown
windcollectionpointsshowedVMDsof57and51
micronsrespectively

Thereforeusingtheaerialapplicationsystem
describedScourgedilutedwithOrchex7961233
vvwillprovidecontrolofadultmosquitoesbut
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theswathwidthmustbeadjustedreducedby
about50duringtemperaturelapseconditions
SuchconditionsoccurintheSanJoaquinValley
duringdaylighthoursexcept3045minutesbefore
darknessandthesameintervalafterdaybreak
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THEUSEOFPROPDXURTOCONTROLADULTAEDESPOPULATIONS

Introduction

SolanoCountyisoneofthenorthernSan
FranciscoBayareacountiesItextendsfromSan
PabloBayandSuisunBaynorthtothecitiesof
WintersandDavisandcoversatotalof827square
milesAllofitisservedbytheSolanoCounty
MADThecityofDixonislocatedinthenorthern
portionofthecountyapproximately18miles
southwestofSacramentoThisareaisknownfor

itsagriculturalproductivitywithcattleandsheep
beingamongthemostimportantcommodities
raised

Thepracticeofcontractingwithanaerialap
plicatortosprayAedesmosquitoesinirrigated
pasturesintheDixonareaoriginatedduringthe
early1960sObjectivesoftheaerialsprayprogram
atthattimewereto 1protectlivestockand
ranchworkersfromstresscausedbyhordesof
AedesnigromaculisLudlowandtoalesserde
greeAedesmelanimonDyarand2preventthese
populationsfromenteringadjacentrowcropprop
ertiesanddisruptingfieldworkersthereAerial
treatmentdelaysoccurofteninthepastureareas
situated7to10milessoutheastofDixonthisis
duetoprevailingwindsfromthesouthand
southwestinexcessof10mphwhichpersistduring
daylighthours

By1984theDistricthadcontractedwiththe
sameflyingserviceformorethan10yearsand
usedorganophosphorusOPinsecticidesthrough
outtheentireperiod Fenthionandmalathion

wereusedtotreatlarvaeadultsandoccasionally
bothstagesApplicationshadachievedsatisfactory
resultsconsistentlyDuringthesummerof1984
howevercontrolfailuresoccurredon20ofthe
acreagetreatedwithfenthionusedatthemaxi
mumallowablerateandon5oftheacres
treatedwithmalathionusedathalftheallowable
rateagainstAenigromaculisTable1AllBay
gonapplicationsweresuccessful

Basedupontheincreasingoccurrenceofadult
failuresobservedinthefieldandconfirmationof
incipientlevellarvalresistancetoOPinsecticides

1SolanoCountyMosquitoAbatementDistrictPOBox304
SuisunCalifornia94585

2CaliforniaDepartmentofHealthServicesEnvironmental
ManagementBranch8455JacksonRoadSuite120Sacra
mentoCalifornia95826

CEvkhaman1andMAThompson2
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throughlaboratorytestingthedecisionwasmade
toimplementthefollowingchangesintheaerial
sprayprogram1treattheadultstageonly2
increasethemalathionratetothemaximumal

lowed3discontinuetheuseoffenthionoverirri
gatedpastureand4increasetheuseofBaygon
thecarbamatepropoxurThischemicalhadbeen
showntobeeffectiveagainstOPresistantAedes
populationsoftheCentralValleyGutierrezetal
1974afterseveralseasonsofuseandithasbeen
usedsuccessfullyintheSanJoaquinValleysince
1968Schaeferetal1985

ApplicationsofBaygonandmalathionused
atthehighrateachievedsatisfactoryresultsduring
theremainderofthe1984mosquitoseasonFail
uresbegantoreappearearlyinthesummerof
1985howeverafterabriefperiodofsuccessful
controlusingbothBaygon13oftheacreage
treatedandmalathion14evenatthemaximum
rateasshowninTable2Consequentlyaplan

Table1Aerialapplicationsoverirrigatedpasture
during1984tocontroladultAedes

AcresTreated Failures

Baytex 2594

Malathion 2946

Baygon 371

Total 5911 666 113

Table2Aerialapplicationsoverirrigatedpasture
during1985tocontroladultAedes

AcresTreated Failures

Baygon 1251

Malathion 1144

Baytex 130

512 197
154 52

0

161 129
159 139

0

Total 2525 320 127



wasdevelopedtodeterminethecausesofthese
failuressincetheAedesshouldhavebeenparticu
larlysusceptibletopropoxurTheplanincluded
thefollowingitems1checkthequalityofthe
Baygon70WP2observemixingandloading
proceduresforerrorsandreviewinventoryrecords
3monitorapplicationtechniquesandweather
conditions4checktheactivityoftheadult
mosquitoes5conductadultcageteststoevaluate
theperformanceoftheinsecticideinthefieldand
6conductbioassaysinthelaboratoryandcom
parethesedatatothoseofotherpopulations
knowntobeoperationallysusceptible

Thepurposeofthispaperistodiscussthe
measuresundertakenbytheDistrictattwostudy
sitestoresolvethecontrolproblemswewereexpe
riencingwithaerialapplications

FieldTestSites

PocketRanchThis1250acreranchcom
prisedentirelyofirrigatedpastureislocatedap
proximately10milessoutheastofDixonA50acre
areaoftheranchanareacommonlysprayedby
aircraftwasusedforthistestNofieldfailures
usingeithertheOPsorBaygonhadoccurredon
thisproperty ThePocketRanchwasjudgeda
suitabletestsitebecauseitproduceshighnumbers
ofadultmosquitoesinseveralaccessiblefields

BordenRanchThe143acreBordenRanch

alsocomprisedsolelyofirrigatedpastureislo
catedaboutsevenmilessoutheastofDixonAn80

acreareaoftheranchservedasthetestsiteThis

propertyhadbeenheavilypressuredwithOPsfor
over10yearsAnumberoffieldfailuresoccurred
onthisranchpriortothetestduringthesummerof
1985

MaterialsandMethods

PrivatelaboratoryanalysisAsampleofthe
WPproductandasamplecollectedfromtheair
planetankthemixusedfortheBordenRanch
testweresenttoanindependentlaboratoryfor
analysisofpercentactiveingredient

FieldtestsBaygon70WPwasusedinthe
twofieldtestsatthemaximumallowablerate007
lbAlacreEachtankmixturewasmadeatthe
rateof01lbofBaygon70WPper10galof
waterandappliedattherateof10galperacreas
indicatedbytheapplicatorBothapplicationswere
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madeusingaCessnaA188BAgTruckequipped
witha280galcapacitytankTwentytwonozzles
equippedwithD8orificesandNo45disksoper
atedat20psiwereusedinbothtestsThenozzles
weredirectedstraightbackduringthePocket
Ranchtestandbackanddownata45anglefor
theBordenRanchtestFlightspeedwas110mph
atelevationsof1015ftduringthePocketRanch
testand1520ftduringtheBordenRanchtest

Alineofcagedwildmosquitoeswasusedto
evaluatetheeffectivenessoftheBaygonunder
fieldconditions Laboratoryrearedadultsfrom
onsitecollectedAenigromaculispupaewere
transferredintodisposablecagesTownzen
Natvig1973attherateof20adultspercageThe
cageswereattachedto4ftmetalstakesinthefield
Protocolrequiresasecondsetofcagescontaining
susceptiblelaboratorycolonyadultstobeattached
toeachstakenexttothewildcage These

mosquitoesareusedtodemonstratetheeffective
nessoftheapplicationitselfTownzenetal1987
NocolonyadultswereavailableforourtestsMea
surementsofwindspeedanddirectionaswellas
temperatureweretakenatadistanceof45ftfrom
groundlevel

Thecageswerecollectedimmediatelyafter
eachtestandplacedseparatelyintoplasticbagsto
preventcrosscontaminationafterthecottonrolls
dentaltype14x112wereremoistenedwith
waterMortalitywasrecorded12hrposttreatment
forthecagedadultsPreand24hrposttestadult
activitywererecordedbytakinglegcountsof30
secondsperpersonatthreelocationsalongthe
cagelineineachtest

PocketRanchTestThePocketRanchTest
wasconductedat1200hrsonAugust201985The
temperaturewas73Fwithasouthwestwindof
approximately6mphunderclearskiesThecage
linespacedat10ftintervalsextended170ftinto
thepasturefromthewestfencelineperpendicular
totheAgTrucksflightpath Thepilotbegan
downwindandproceededinanorthtosouthpat
ternfromeasttowestacrosstheprevailingwind
andthecageline

BordenRanchTestTheBordenRanchTest

wasconductedat1303hrsonAugust281985un
derclearskieswithatemperatureof80Fanda5
mphsouthtosouthwestwind Thecageline
spacedat50ftintervalsextended950ftintothe
pasturefromthesouthfencelineandperpendicu



lartotheflightpathThepilotbeganinthesouth Table3CagestationmortalitiesofthePocket
westandflewwesttoeastacrosstheprevailing RanchpropoxuraerialapplicationagainstAedes
wind nigromaculisAugust201985

AdultbioassayMonitoringthesusceptibility
ofadultAenigromaculisandAemelanimonpop
ulationstopropoxurandtheOPinsecticidesfrom Stationft 12hrcagemortality
heavilyOPpressuredpasturesbeganatourDis
trictin1986Adultsrearedfromfieldcollected 0 100

pupaeweretested24dayspostemergenceVari 10 94

ousaspectsofthebioassaymethodusedtodeter 20 12

minesusceptibilitylevelsofadultmosquitoeshave 30 100

beendescribedbyGeorghiouandMetcalf1961 40 100

GeorghiouandGidden1965andCaseand 50 100

Kauffman1984Inthiscontacttoxicitybioassay 60 100

2mldosesofinsecticidesolutionofknownstrength 70 100

areappliedtoglassfilterpapersWhatmanglass 80 100

microfibreGFA90cmdiamTheadultsare 90 100

transferredfromrearingbucketsusingamechani 100 100

calaspiratorTheexposureperiodis1hrafter 110 100

whichtheadultsareknockeddownwithCO2gas 120 100

metered 3litersminandtransferredtohold 130 100

ingcontainers Mortalityiscounted24hrpost 140 100
treatment Forfurtherinformationreferto 150 100

Thompson1989 160 100

170 100
ResultsandDiscussion

PrivatelaboratoryanalysisLaboratoryanaly
sisdeterminedtheBaygonWPsamplecontained 1Fromwestfenceline
thefullamountofactiveingredient717
Communicationwiththemanufacturerregarding 2Totaltestaverage 947

thislotnumberdidnotrevealanycomplaintsfrom
otherMADsusingBaygonofthislotinCali
fornia

Mixingandloadingprocedureswereobserved Table4PocketTestlegcounts
byDistrictstaffandjudgedtobeexecutedprop
erly Thetankmixsamplesubmittedfromthe
BordenRanchTestwasdeterminedtobeof LegCounts 1

properconcentration079Alallowingforhy
drolysisattherateof15perday Station Pre Post Reduction

FieldtestsThePocketRanchTestcageline
mortalitiesTable3averaged947whichindi 1 20 1 95

catesthatgoodcoveragewasachievedoverallAt 2 24 1 96

leastonegapoccurredwithinthecagelineatthe 3 20 0 100

20ftstationHadthisskipnotoccurredtheover
allcagelinemortalitywouldhavebeen996
Pretreatmentlegcountsweremadethemorningof Average 213 066 970

August20andposttreatmentcountsTable4re
vealedanoverall970reductionofadultsonsite

BordenRanchTestlinemortalitiesTable5
averaged973whichalsoindicatesgoodcover
ageTheapplicationhoweverappearstobeinade
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Table5CagestationmortalitiesoftheBorden quatebecauseonly60ofthesecagesachieved
RanchpropoxuraerialapplicationagainstAedes 100mortalitywhileinthePocketRanchTest
nigromaculisAugust281985 89ofthecagesshowedacompletekill Pre

treatmentlegcountsweremadethemorningof
August28andposttreatmentcountsrevealedan

Stationft 12hrcagemortality overall93reductionTable6
TheDistrictcontractedwithanotheraerial

0 100 applicatorpriortothe1986season Thespray
50 97 systememployedbythenewcontractorutilized46

100 100 3WhirlJetNozzlesoperatedat1012psiwithan
150 97 outputrateof10galAAllBaygonapplications
200 100 usingthissystemandconductedduringthe1986
250 100 through1988mosquitoseasonsweresuccessful
300 98 AdultbioassaysTheresultsofpropoxurlabo
350 100 ratorytestsconductedagainstAemelanimonare
400 100 showninTable7SolanoCountyMADdataare
450 88 similartothoseofSacramentoCounty Yolo
500 100 CountyMADwhosepopulationsarereportedly
550 100 operationallysusceptibletoBaygon
600 100 OverallAenigromaculistestresultsTable8
650 90 aresimilartothosereportedforAemelanimonin
700 100 thatalltestshaveLC90slessthan300pgcm
750 85 Unfortunatelythepredominantspeciesshiftedto
800 100 AemelanimononthePocketRanchduring1986
850 95 andremainedsothrough1988Consequentlythe
900 96 onlydataonAenigromaculisagainstpropoxurwas
950 100 obtainedfromtheBordenRanchAnaircrafttest

conductedbyScottEMonsenButteCounty
MADonthetheSutterYubaMADpopulation

1Fromsouthfenceline revealedoperationalsusceptibilitytoBaygon
Laboratoryandfieldtestresultsandoperational

2Totaltestaverage 973 notesappeartoindicatethepropoxurdatapre
sentedinTables7and8describesusceptiblepop
ulationsAdditionallyDixonareaAenigromaculis
malathionbioassaysalsohavesusceptibleresults

Table6BordenTestlegcounts Thompson1989

Conclusion

LegCounts 1 TheproblemsexperiencedbytheSolano
CountyMADwithaerialBaygonapplicationsin

Station Pre Post Reduction theDixonareawerenotduetoresistancebut
rathertooperationalprocedureTheycanbeat

1 17 0 100 tributedtotheuseofaninadequatelyequipped
2 33 2 94 nozzlesystemandpossiblyinconsistentapplica
3 34 5 85 tiontechnique

Acknowledgments
Average 28 23 93 Theauthorswishtoexpresstheirappreciation

toGlennMYoshimuraEntomologistSacra
mentoCountyYoloCountyMADforconducting
theinitialadultOPbioassaysagainstAedes
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Table7ResultsofbioassaysconductedinthelaboratoryforpropoxuragainstadultsofspecifiedAedes
melanimonpopulationsLC50sandLC9ospgcmobtainedbyprobitanalysisheterogeneity 100

POPULATION LC50 95INTERVAL LC90 95INTERVAL RATIO

SolanoCoMAD

TheBordenRanch

ThePocketRanch

SactoCoYoloCoMAD

1Lc90Lc50

Table8ResultsofbioassaysconductedinthelaboratoryforpropoxuragainstadultsofspecifiedAedes
nigromaculispopulationsLC50sandLC9os4zgcmobtainedbyprobitanalysisheterogeneity 100

POPULATION LC50 95INTERVAL LC90 95INTERVAL RATIO

SolanoCoMAD

TheBordenRanch

ColusaMAD

SutterYubaMAD

EastSideMAD

TurlockMAD

1ix90Lcso

0920

0907

214

0856

172

0857

142

106

0775110

0757112

201227

0724101

158187

07370999

115177

0878126

164

223

154

289

228

298

236

257

268

174331

122243

269320

186297

267345

191311

204353

216364

242

170

135

266

173

275

181

253



nigromaculisHarmonLClementManagerKern
MADforprovidingtechnicaladviceregarding
aerialapplicationsusingBaygonandRichardE
YescottDistrictRepresentativeEMBforpro
vidingassistanceinconductingthePocketField
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SUSCEPTIBILITYLEVELSOFADULTMOSQUITOESTOTHE

ORGANOPHOSPHORUSINSECTICIDESINCALIFORNIA

MalcolmAThompson

Introduction

Theresistancesurveillanceprogramofthe
EnvironmentalManagementBranchEMBhas
beenbasedsinceitsinceptionin1963ontesting
fieldcollectedmosquitolarvaeinthelaboratoryto
measurethesusceptibilityofimportantspeciesto
organophosphorusOPinsecticidesLaboratory
testresultswerecomparedwiththeobservedper
formanceoftheselarvicidesinthefieldandfrom
thisevidencethresholdswereestablishedforeach

OPsummarizedinThompson19851986
Thresholdsinterprettheresponseofatestpopula
tioninalaboratorybioassayandareusedtopre
dicttheprobableresponseofthefieldpopulation
toanoperationalapplicationoftheinsecticide
Womeldorfetal1966Gilliesetal1968

Field trials especially coldfogger tests

Womeldorfetal1973weretheprimarymethod
usedbyEMBuntilrecentlytomeasuretheeffec
tivenessofinsecticidesonlocalpopulationsofadult
mosquitoesTownzenetal1987and1989These
testshavethedistinctadvantageofmeasuringthe
efficacyofanadulticideundernormaloperational
conditionsMissingfromoursurveillanceprogram
howeverhavebeenlaboratorygeneratedsuscepti
bilitydataonadultmosquitoestocomplementthis
operational information Laboratory bioassays
measuretheresponseofapopulationtothechemi
caloverarangeofknowndosesundercontrollable
environmentalconditionsThuslaboratorytest
datacanbeconvenientlyandaccuratelyreproduced
undersimilarconditionssothattheresponseof
mosquitoesinonegeographicalareacanbecom
paredtothatofanother

Thepurposeofthisreportistopresentthe
findingsofanadultmosquitosusceptibilitysurvey
whichhasbeenactivelyinprogresssince1987
Objectivesofthesurveyare1toobtaina
statewideskeletaloverviewofthesusceptibilityof
vectormosquitospeciesespeciallyCtdextarsalis
CoquillettinthelaboratorytotheOPactivein
gredientsmalathionandchlorpyrifosDursbano

DepartmentofHealthServices
EnvironmentalManagementBranch

8455JacksonRoadSuite120
SacramentoCA95826
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and2todescribethecharacteristicsofsusceptible
andresistantbioassaydatausinginterpretive
thresholdsdevelopedfrominformationonthere
sponseofadultpopulationstotheoperationaluse
oftheOPsincompanionfoggertestevaluations

MethodsandMaterials

Culexadultswerecollectedbydryicebaited
EVSlighttrappingthepreferredmethodfemales
onlyorasfirstinstarlarvaethroughpupaeand
rearedtotheadultstageinthelaboratoryAedes
speciesweremostoftencollectedateitherthelate
fourthinstarlarvalorpupalpreferablystageOc
casionallytheseadultswerecollectedbysweepnet
ting

Culexlarvaewerefedfmelygroundlaboratory
ratchowonceortwiceadayAedeslarvaeusually
didnotrequirefeedingbutwhentheywerefed
severalalfalfarabbitpelletswereputintoeach
enamelrearingpanPupaewereharvestedfrom
theirpansdailyandplacedintoaneightounce
plasticfoodcontainercontainingabout100mlwa
terOnecontainerwithapproximately500pupae
coveringabout34ofthewaterssurfacearea
wasplacedina35quartplasticfoodcontainer
rearingbucketforemergenceAonefootlengthof
surgicalstockinettesleevewasaffixedovera4inch
squareholeonthesideofthebucketforaccessA
nineinchdiametercircleofnylonnetmaterialcov
eredthebucketandwassecuredbythelidwhich
hada5inchdiameterholecutintoitEmerged
adultswereprovidedmoistenedraisinsforanen
ergyfoodsourceandforwaterasaturatedthick
pieceofabsorbentcotton2insquarecoveredbya
glasspetridishwasavailabletotheadultsonthe
nettingatalltimes

Stocksolutionswerepreparedfrompurified
insecticidestandardspurchasedfromChemSer
viceIncWestChesterPAbywtvoldilutionin
reagentgradeacetoneASCSerialdilutions
weremadefromthesestocksolutions10to
preparetherangeofdosesordinarilyencountered



intheadultbioassayforeachactiveingredient
Theserialtestsolutionswerepouredintoprela
beledroundamberbottlesandstoredinarefrig
eratorafterbeingmixed

Thefundamentalsofthecontacttoxicityfilter
papertestusedinthisstudyweredescribedby
GeorghiouandMetcalf1961andGeorghiouand
Gidden1965Bioassaymethodologyisoutlined
asfollows2mldosesofinsecticidesolutionof

knownconcentrationwereappliedto90cmglass
microfibrefiltercirclesWhatmanGFAUsu
allytwoorthreereplicatefilterswereusedforeach
doseofabioassayAnattemptwasmadetousea
doserangestartinglowenoughnottoproduceany
mortalityandthenincreasingsequentiallyincon
centrationtoahighdosethatwouldbeexpectedto
achieve100mortalityThenumberofdosesper
bioassayvariedfrom612dependinguponthe
availabilityoftestspecimensNormallyeightdoses
wereusedwithtwocontrolfiltersThefiltercircles

wereplacedontheheadsofsmallfinishnails4
ofanailboardmadeof34inchplywood20inx
28inThenailshadbeendrivenintotheplywood
leaving34ofaninchofnailabovethesurfaceina
1insquaregridpatternWiththefilterssuspended
onthenailboardacetonewasappliedtothecon
trolfiltersandthentheotherfiltersweretreated

withtestsolutionsbeginningwiththelowestdose
Thetreatedfilterswereallowedtoairdryfor510
minutesbeforetheywereindividuallyrolledupand
placedfirmlyagainsttheinnersurfaceofaglass
shellvial25mmx95mmpreviouslylabeledac
cordingtothedosageAfterloadingallofthefil
terseachvialwascoveredwithasmallpieceof
fiberglasswindowscreenmaterialabout35in
squareandtightlysecuredwithoneortworub
berbandsAslitwascutacrossthetautscreenwith
ascalpeltoaccommodatethetransferofadult
mosquitoesintothevial

UnlikethetechniquedescribedbyCaseand
Kauffman1984adultswerenotanesthetizedwith
CO2gasandchilledbeforetransferAhandheld
mechanicalaspiratorsizeDbatteryoperated
HausherrsMachineWorksTomsRiverNJwas
usedtogentlycollectflyingadultsdirectlyfromthe
rearingbucketThemosquitoeswerethenpuffed
bymouthbackthroughtheremovableadapterinto
theshellvialviathescreenslitOncetheadults
wereloadedtheslitwasinterlockedandthetime

withinthecurrentminutewasmarkedonthevial
Approximately2025adults24dayspostemer
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gencepreferablyfemaleswereintroducedinto
eachvialunlessprecludedbylownumbersInsitu
ationssuchasthosemalesmixedproportionally
withmostlyfemaleswereincludedbecausethere
sponseofbothsexesisfrequentlythesame
WHOVBC81805Femalesshouldbeusedex
clusivelywhenpossible

Thevialsaftertheyhadbeenloadedwith
adultswereplacedinaracktokeepthemorga
nizedandrestinginahorizontalpositionTherack
wasstoredinacooldarkareaofthelaboratoryaf
terthelastvialwasloadedandthetimemarkedon

itThemosquitoeswereexposedtothetreatedfil
tersforonehourAstheonehourperiodlapsedon
thefirstcontrolvialandsubsequentlyfortheoth
ersthevialwasquicklyputintoaknockdown
chamberaplastic25cupcapacityfoodcon
tainerandcoveredwiththelidinvertedThe
chamberwassuppliedwithCO2gasmeteredbya
medicalregulatoregVictorVMG5LNatthe
rateofthreelitersminuteTheadultswereex
posedtotheCO2for30secondsthescreenwas
removedandtheanesthetizedmosquitoeswere
transferredintoprelabeledeightounceplastic
foodcontainersandcoveredwithclearlidsthathad

acottondentalrollslightlymoistenedstapledto
theinsideMortalitywasrecorded24hourspost
treatmentBioassaydatawereevaluatedbyprobit
analysisFinney1971usingacomputerprogram
developedbyRaymond1985whereappropriate

ResultsandDiscussion

Resultsofthe56bioassayspresentedinthe
followingtableswereselectedfrom49malathion
54and42chlorpyrifos46bioassays91to
talconductedduring198461987371988
44andearly198913against62popula
tionsoffourspeciesofmosquitoesOftenanOP
wastestedonasinglepopulationmorethanonce
Inthosecasesandwhenmorethanonepopulation
ofasinglespecieswastestedatanagencyone
bioassaywasselectedtorepresenttheresponseof
thatspeciestotheOPfortheagencywherethe
mosquitoeswerecollected

Table1containsbioassayresultsoftheCx
pipiensLinnaeuscomplexcolonymaintainedby
EMBinSacramentoThesemosquitoesareused
indisposablepapercagesclippedtolathstakes
duringfoggertestsasairsamplerstomonitorthe
effectivenessoftheoperationsincetheyhavebeen
proventobeoperationallysusceptibletoboth



Table1ResultsofbioassaysconductedinthelaboratoryagainstadultsoftheCulexpipienscomplexcolony
maintainedbyEMBinSacramentoLCsosandLC9ospgcmobtainedbyprobitanalysisheterogeneity
100

CHEMICAL LC 95INTERVAL LC90 95INTERVAL RATIO STATUS2

Malathion 570 530611 879 809975

Chlorpyrifos 0119 01010142 0417 03080674

1LC90LC5o2ResistancestatusSsusceptible

Table2ResultsofbioassaysconductedinthelaboratoryformalathionagainstadultAedesmelanimonpopula
tionsofspecifiedmosquitocontrolagencies LCsosandLC9ospgcmobtainedbyprobitanalysis
heterogeneity 100

AGENCY LC50 95INTERVAL LC90 95INTERVAL RATIO STATUS

Colusa 509 467547 678 627756 133 S

SacramentoYolo 445 410483 565 518634 127 S

SolanoCo 296 268332 451 391558 152 S

MaderaCo 441 390497 561 498666 127 S

1LC90LC5o2ResistancestatusSsusceptible
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Table3ResultsofbioassaysconductedinthelaboratoryformalathionagainstadultAnophelesfreebomipop
ulationsofspecifiedmosquitocontrolagencies LCsosandLC90spgcmobtainedbyprobitanalysis
heterogeneity 100

AGENCY LC50 95INTERVAL LC90 95INTERVAL RATIO STATUS

Colusa 809 718922 116 100148 143 S

SutterYuba 590 484658 846 732153 143 S

1LC90LC5o2ResistancestatusAsusceptible

Table4ResultsofbioassaysconductedinthelaboratoryformalathionagainstadultAedesnigromaculispopu
lationsofspecifiedmosquitocontrolagenciesLCsosandLC90spgcmobtainedbyeithergraphicorprobit
analysisasindicated

AGENCY LC50 95INTERVAL1 LC90 95INTERVAL RATIO STATUS

SutterYuba 154 119199 649 461104 421 R

SolanoCo 440 401486 770 673929 175 S

ContraCosta 439 396487 768 667941 175 S

EastSide 122 R

Turlock 879 154 175 R

MaderaCo 879 R

Consolidated 713 350112 551 318160 773 R

195Intervalsdeterminedbyprobitanalysisheterogeneity 100 plateausbygraphicanalysis
2LC90LCso3ResistancestatusRresistantSsusceptible4Plateauat63mortality5Plateauat91
mortality6Plateauat88mortality
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Table5ResultsofbioassaysconductedinthelaboratoryformalathionagainstadultCultarsalispopulations
ofspecifiedmosquitocontrolagenciesLC5osandLC9oszgcmobtainedbyeithergraphicorprobitanalysis
asindicated

AGENCY 95INTERVAL 95INTERVALLC LC RATIO PLATEAU3 STATUS

PineGrove 471 88 R
Shasta 819 612112 411 256916 502 R
ButteCo 116 64 R
Colusa 154 75 R
SutterYuba 51 R
SacramentoYolo 659 55 R

SolanoCo 785 69

AlamedaCo 170 49

FresnoCoUNC 858 814904 119 111131 139 S
MaderaCo 28 R
Southfork 706 672747 845 790948 120 S

Northwest 597 87 R

CoachellaValley 659 116 176 97 R

ImperialCo 119 214 180 93 R

195Intervalsdeterminedbyprobitanalysisheterogeneity 1002LC90LC503mortalitydetermined
bygraphicanalysis4ResistancestatusRresistantSsusceptible5Uncontrolledareanotwithinthebound
ariesofanorganizedmosquitocontrolprogramMichaelASethtesterextrapolatedLC90

Table6ResultsofbioassaysconductedinthelaboratoryforchlorpyrifosagainstadultAedesmelanimonpop
ulationsofspecifiedmosquitocontrolagencies LC5osandLC9oszgcmobtainedbyprobitanalysis
heterogeneity 100

AGENCY LC50 95INTERVAL LC90 95INTERVAL RATIO STATUS

Colusa 00541 0050000579 00746 0068600852 138 S

SacramentoYolo 00878 0078300977 0158 01390186 180 S

SolanoCo 00134 0011400153 00357 0030100449 266 S

MaderaCo 00504 0043500578 00771 006570104 153 S

1LC90LC502ResistancestatusSsusceptible

Table7ResultsofbioassaysconductedinthelaboratoryforchlorpyrifosagainstadultAnophelesfreebomi
populationsofspecifiedmosquitocontrolagenciesLC50sandLC9ospgcmobtainedbyprobitanalysis
heterogeneity 100

AGENCY LC50 95INTERVAL 95INTERVALLC RATIO STATUB

Colusa 0101 008680116 0188 01580247 186

SutterYuba 00811 0068000946 0159 01320214 196

1LC90LC502ResistancestatusSsusceptible
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Figure1GraphicanalysisoftheWonderValley
CulextarsalisdataFresnoCountyshowingasteep
slopLC90LC50ratio 140

DursbanandmalathionFoggertestsconducted
underadequatemeteorologicalconditionswith
recommended dosages usually kill these

mosquitoesandmeasuretheeffectivenessofthe
insecticidetocagedwildpopulationsclippedto
eachstakenexttothecolonycageExperience
withthefoggertestthoughhasdemonstratedthat
ourlaboratorycolonyisnotassusceptibletochlor
pyrifosasitistomalathiondescribedindetail
later

ThecolonyAedesmelanimonDyarTable2
andAnophelesfreebomiAitkenTable3 testre

sultsaremodelsofmalathionsusceptibledata
LC9oLC50ratiosarelessthan200indicating
steepslopedregressionlinesFigure1ofpopula
tionsrespondinghomogeneouslytotheinsecticide
overanarrowrangeofconcentrationsThisrange
forthesebioassayscoversaseriesofrelativelylow
concentrationsbelow314pgcmsuggestingsus
ceptibility FoggertestresultsTownzenetal
19871989andunpublisheddatahaveshownAe
melanimonandAnfreebomipopulationsfrom
ColusaMADtobeoperationallysusceptibleto
malathionAedesmelanimonfromSolanoCounty
MADtoocanbecontrolledeffectivelywith
malathionappliedbyaircraftInanotherfogger
testContraCostaMADsAenigromaadisLudlow
wasalsofoundtobesusceptibilesubstantiatingthe
laboratorytestresultonthispopulationTable4
whichisstrikinglysimilartothoseofAemelani
171011Anfreebomiandthelaboratorycolony
Controldifficultieshoweverwerereportedwith
AenigromaadispopulationsfromSutterYuba
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Figure2GraphicanalysisoftheGrizzlyIsland
CulextarsalisdataSolanoCountyshowinga
plateauat69mortality

EastSideTurlockandMaderaCountyMADs
MortalityplateausFigure2wereevidentinthe
testdataofthelatterthreeagencies

Preliminaryfindingsappeartodemonstrate
thatLC9osgreaterthanathresholdconcentration
tentativelyestablishedat314pgcmorplateaus
thatextendintoconcentrationshigherthanthis
thresholdseemtodepictresistantpopulationsAt
thistimehoweverfieldandcompanionlaboratory
studiestolocatedefinitivelythisconcentrationfor
malathionandanotherforchlorpyrifosarenot
completeSurvivorsofthethresholdinalaboratory
bioassayidentifytheresistantindividualsofatest
populationthatsurviveanapplicationofthe
insecticideinthefoggertestandconsequently
operationalfailuresofsomedegreeshouldbe
anticipatedwhentreatingthewildcounterpartof
thatpopulationinthefield

PlateausaretypicalofCttarsalismalathion
bioassaysTable5TheShastaMADdatamay
notbeanexception Thispopulationwasnot
testedtoconcentrationsgreaterthanthethreshold
Aplateaumayhavebeenlocatedhadthisbeen
done Ordinarilyifaplateauissituatedbelow
90mortalityanLC90cannotbedeterminedby
graphicanalysisFigure2Thisiswhythereare
somanymissingLC9osinTable5Analysisofthe
SutterYubaandMaderaCountydatashow
plateausonlynoLC9osorLC5osTheCoachella
ValleyandImperialCountybioassayshavesuscep
tibleLC90safterwhichaplateauextendsintocon
centrationshigherthanthethresholdindicatingre
sistanceTheotherpopulationswiththeexception



Table8ResultsofbioassaysconductedinthelaboratoryforchlorpyrifosagainstadultAedesnigromaculis pop
ulationsofspecifiedmosquitocontrolagencies LcsosandLC9ospgcmobtainedbyprobitanalysis
heterogeneity 100

AGENCY

Shasta

SolanoCo
ContraCosta

EastSide

Turlock

MaderaCo

Consolidated

AGENCY

PineGrove
Shasta

ButteCo

GlennCo

Colusa

SutterYuba

SacramentoYolo

SolanoCo

AlamedaCo

FresnoCoUNC6
Southfork

Northwest

CoachellaValley
ImperialCo

LC50 95INTERVAL

0746 06160913

0314 02580376

00773 004400105

0856 0696104

0489 03930584

00882 007360103

00298 0024700369

LC50 95INTERVAL LC90

00565 0722
00564 0039000745 0229

0104 006880144 111

0211 01420288 127

0172 01350214 135
0136 006260198 0924

00879 0879

0106 008970124 0349
0324 02520417 163

00780 0070400862
00325 0030600354

00751 0060700907 0487

0635 05690708 199

0818 07260914 296
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LC90 95INTERVAL RATIO

284 212423 381
102 0806142 325

0309 02600394 400

291 225414 340

130 105178 266

0198 01630268 224

00762 005650129 256

1LC90LC502ResistancestatusRresistantSsusceptible3GlennYoshimuratesterExtrapolatedLC5o

Table9ResultsofbioassaysconductedinthelaboratoryforchlorpyrifosagainstadultCulextarsalispopula
tionsofspecifiedmosquitocontrolagenciesLCsosandLC90spgcmobtainedbyeithergraphicorprobit
analysisasindicated

95INTERVAL

01620404

0674246

0870222

102194

0585263

02790466

110299

03630728

171240

255354

RATIO

128

406

107

602

785

679

100

329

503

0162 01420190 208

00425 0038100525 131

648

313

362

STATUS

STATUS

195Intervalsdeterminedbyprobitanalysisheterogeneity 100 plateausbygraphicanalysis
2LC90LC503ResistancestatusRresistantSsusceptible4Plateauat89mortality5Plateausat81
mortality6Uncontrolledareanotwithintheboundariesofanorganizedmosquitocontrolprogram



oftwohaveplateausoflowenough mortalityto
preventdeterminationofanLC90Thesepopula
tionsarerespondingtothechemicalheteroge
neouslyoverawiderangeofconcentrationssur
vivingthosewhichdenoteresistanceTheGrizzly
IslandpopulationofSolanoCountyMADisnotas
toleranttomalathionasmostoftheotherslistedin

thetablePopulationswithplateausoflower
mortalityaremoretolerantofthechemicalthan
thosehavingplateausofhigher mortalityThis
ispresumablybecauseofagreaterfrequencyofre
sistantindividuals

FoggertestswereconductedagainsttheCo
lusaSolanoCountyandImperialCountyCx
tarsalispopulationsandtheyconfirmedopera
tionalresistanceGenerallythe mortalityofthe
plateauwastheaveragelevelofcontroldemon
stratedinthefoggeroperationwhereasadultsof
thelaboratorycolonywerekilledconcurrently
Overallmalathiondoesnotappeartobetheap
propriatechoiceofinsecticidetouseagainstCx
tarsalistointerruptthespreadofadiseaseout
breakbyeliminatingthesevectormosquitoesTest
populationsoftheSacramentoValleySanJoaquin
ValleyandSouthernCaliforniaCMVCARegions
areresistanttothisinsecticideFortunatelymodels
ofsusceptibilitywerediscoveredatWonderValley
FresnoCountyandSouthforkMADinKern
CountyeastofLakeIsabellaThesedataaredra
maticallysimilartothosedescribingthelaboratory
colonyAemelanimonAnfreebomiandsuscepti
bleAenigromaculis

TestresultsforAemelanimonTable6
exceptforSolanoCountyMADandAnfreebomi
Table7aremodelsofchlorpyrifossusceptibility
havingLC90slessthanthethresholdtentativelyes
tablishedat0628thecmandratioslessthan200
ThecolonyTable1hasaratiogreaterthan200
andisnotamodelbydefinitionThecolonyhas
beenshowntobesusceptibletoDursbanein
foggertestsTownzenetal1987butsincethe
LC90isnearlyequaltothethresholdthelimitof
susceptibilitysomeadultsofthecolonyhave
survivedthesetestswhentheywereconducted
underlessthanoptimalmeteorologicalconditions
orwhenlowratedosageswereusedunpublished
dataFoggertrialsonColusaandSolanoCounty
AemelanimonandContraCostsAenigromaculis
Table8corroboratethesusceptiblelaboratory
bioassayfindingsofthesepopulations Control
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problemswerereportedwithAenigromaculisat
ShastaandEastSideMADs

MortalityplateauswerenotcommonwithCr
tarsalischlorpyrifosbioassaysTable9Theywere
evidentonlyinthePineGroveandSacramento
YolodataoccurringbeforetheLC90ineithercase
WonderValleyandSouthforkMADCrtarsalis
alsofitthedefinitionofachlorpyrifossusceptible
model FoggertestsconductedontheSolano
Countypopulationrevealedoperationalsuscepti
bilityandconfirmedresistanceontheGlenn
CountycollectionResistanceisindicatedinother
testsoftheSacramentoValleyCoastalandSouth
ernCaliforniaRegionsandthereforeoperational
failuresshouldbeanticipatedwhentreatingthe
wildmosquitoesofthesetestpopulationsChlor
pyrifosmayalsobeaninappropriatechoiceofin
secticidetouseonadultCxtarsalis

Conclusion

Foggeroperationswereemployedinthis
studytoevaluatetheperformanceoftwoOPin
secticidesonselectedadultcollectionsoffour

mosquitospeciesTheyprovidedtheempiricalevi
denceneededtotentativelyestablishinterpretative
thresholdsforthelaboratorybioassay LC90s
greaterthanathresholdconcentrationof314
pgcmformalathionand0628pgcmfor
chlorpyrifosrespectivelydenoteresistance

Findingsofthisreportcontrastthesuscepti
bilityofAenelanimonandAnfreebornitothe
prevalenceofAenigromaculisandCttarsalisre
sistanceThissurveywillbecompletewhenmore
Cxtarsalisdataaregatheredfrommosquitocon
trolagenciesoftheSanJoaquinValleytheLos
AngelesBasincoastalareasofSouthernCalifor
niadesertlocationsalongtheColoradoRiverand
theOwensValley
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NOVELTESTSFORORGANOPHOSPHATE

INSECTICIDERESISTANCEINSINGLEMOSQUITOESANOVERVIEWOF

RECENTPROGRESSANDOUTLINEOFFILTERPAPERTEST

Fourtestprocedureshaveresultedfromcol
laborativeresearchatRiversideCaliforniaand
MontpellierFranceonmethodsforthedetection
ofhigh esterases that are responsible for

organophosphateresistanceinCulexmosquitoes
Threeoftheseproceduresanalyzetheefficiencyof
theseenzymesbytheuseofnaphthylacetateasa
substrateanddeterminationoftheamountof
naphtholgeneratedinthereactionTheyarea
FilterpaperesterasetestFPEsttestaNitro
cellulosemembraneesterasetestNCEsttest
andaMicrotitrationesterasetestMTEsttest
Thefourthtestusesanimmunologicalreaction
dotblottodetectesterasesBTheprocedurefor
themostpracticaloftheseteststhefilterpaper
testisoutlinedattheendofthisoverview

Indesigningthesetestswehaveinvestigated
thephysicalparametersofeachtesttotheextent
necessaryinordertominimizeextraneousvaria
tionsandtoprovidemaximumdiagnosticsensitiv
ityThetemperaturerequirementsforeachtest
methodsforhomogenizationofinsectstypesof
buffersandreagentsdilutionfactorsappropriate
volumesofaliquotsincubationandstainingperi
odsandotheraspectswerethoroughlyexamined
Likewisebiologicalfactorsassociatedwithenzyme
availabilitywerestudiedinordertooptimizede
tectionefficiencySufficientenzymeactivitywas
presentinbothadultsandlarvaeandbothlife
stagescanbeusedsatisfactorilyHoweverlarval
bodyfatoccasionallypresentedinterferencesespe

1TheresearchdescribedinthispaperwassponsoredbyUS
ArmyMedicalResearchAcquisitionActivityContractNo
DAMD1785C5170toGPGtheUniversityofCalifomia

MosquitoResearchProgramtheWorldHealthOrganization
andgrantsfromNSFINT8715230toGPGandCNRSto
NPundertheUSFranceCollaborativeScienceProgram
2Permanentaddress DirectorLaboratoryofGenetics

InstituteofScienceofEvolutionUniversityofMontpellierII

34060MontpellierFrance

GeorgePGeorghiouandNicolePasteur
2

DepartmentofEntomology
UniversityofCalifornia

RiversideCalifornia92521
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ciallyintheNCesttestwhichusesnitrocelloluse
membraneashomogenatesupportThuswhen
choiceexistsyoungadultinsectsarepreferred

Sincegeneamplificationisprobablyacom
monresistancemechanismwehaveconsidered
howitspresencemayaffecttheinterpretationof
testresultsInthehighlyresistantstrainofCulex
quinquefasciatusSayTemRthelevelofamplifi
cationisca250foldThehistoryofevolutionof
this strain under selection pressure LE
Ranasinghe1976PhDdissertationRanasinghe
andGeorghiou1981PesticSci1050208
Pasteuretal1980ProcCalifMosqVectorCon
trolAssoc486973indicatesthatthishighlevel
ofresistancewasnotreachedinasinglestepbutin
severalThereisnodoubtthatinnaturalpopula
tionsavarietyofamplificationlevelsofthees
teraseB1genecoexistalongwithnonamplified
susceptiblegenomesTheconsequenceofthis
phenomenonisthatthediagnostictestsmayde
terminewhetheraninsectcontainsmorecopiesof
theesteraseB1genethanasusceptibleinsectbut
willnotrevealwhethertheinsectishomozygous
orheterozygousresistantThisisbecausethesame
numberofcopiesofthegenesay100maycon
ceivablybepresentinaheterozygousresistantin
dividualaswellasinahomozygoteinwhichthe
numberofgenecopiesonthetwosisterchromo
somestotals100Thissituationdoesnotpresent
anyunusualproblemswithquantificationofresis
tanceItonlymasksthedistinctionbetweenthetwo
kindsofresistantgenotypesRSandRR

Thetestsdevelopedhavebothqualitativeand
quantitativefeaturesThequalitativedetectionof
resistanceistheminimumrequirementforeach
testtheinsectisclassifiedeitherassusceptibleor
resistantThisisaccomplishedreadilywithanyone
ofthethreebiochemicaltestsandthephenotype
canberecognizedvisuallyWiththedotblottest
thisisatpresentpossibleonlyforesterasesBThe
biochemicaltestshoweverdifferinquantitative



efficiencyHigheraccuracyisinherentinthe
microtitrationtestalthoughthesensitivityofthe
FPEsttestissufficientlyhighastomakeit
adequatelyreliableNoneofthetestsispresently
abletorevealthespectrumoforganophosphate
crossresistanceThismustrelyonconventional
bioassaySimilarlythebiochemicaltestsasthey
nowstandcannotdistinguishbetweentypeAand
typeBesterasesorbetweenisozymesofeach
esterasetypeThesedeterminationscanbemade
earlybystarchgelelectrophoresisinamodestly
equippedcentrallaboratoryAsantibodiesof
esterasesbecomeavailableimmunoassaysthat
discriminatebetweenesterasetypesAandBwill
befeasible

Incertainpopulationsmorethanoneesterase
maybepresentForexampleesterasesBlA2and
B2maybefoundtogetherincertainpopulationsin
theUSSimilarlyesterasesA2andB2are
frequentlyfoundtogetherinseveralcountries
Sinceeachesterasemaycontributeadifferent
degreeofresistancequantificationofresistance
fromthetotalesteraseactivityagainstnaphthyl
acetateispresentlydifficultifnotimpossibleA
further complication arises where additional

mechanismsofresistancebesidesesterasesie
insensitiveAChEglutathioneStransferaseor
MFOmaycontributetoresistanceHoweversuch
casesarerareandmustnotdetractfromthe

usefulnessofthepresenttests
Animportantconsiderationisthecostofeach

testThemosteconomicalistheFPesttestInits
simplestformitsmaincostisthecellulosefilter
paperieapproximately0021per100insectsAn
automaticpipettedispensing2uland100uldrops
isdesirableandcosts90Itmaybereplacedby
capillarytubesInitsmoreadvancedversionwhich
includesaquantificationfeaturethetestutilizesa
densitometer Tobias RCX costing 1245
Howeverthisinstrumentisnotmandatorysince
thespotsmaybereadvisuallyagainstareference
chartorthepapersmaybesenttoacentral
laboratoryfordensitometerreading

Biochemical tests must be viewed as

supplementsoftraditionalbioassaysTheyhavea
numberofadvantagesthatarenotpresentin
bioassays

aTheresultsoftestsareunequivocalan
insectpossessingtheresistancemechanism
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canonlyberesistantIncontrastindiagnostic
dosetestssomeinsectsmayhavesurvived
duetoinaccuratedosingthusconfirmationis
requiredeitherthroughrepetitionofthetest
orbytestingtheoffspringofthesurvivors

bResultsareobtainedwithinminutesThus

thetestscanbeconductedbyafieldmanina
hotelroomorduringbriefvisitstovarious
sitesorlaboratorieswithouttheneedfor
returningafter24hourstoreadtheresults

c Insectspecimenscanbepreservedfor
severaldaysinliquidnitrogenordryiceand
processedtogetheratalatertimeoratsome
distantlaboratory

Limitationsofthebiochemicaltestsare

a Relativelyhighcostoftestsinvolving
quantificationofresistance

b Proceduresthatinvolvequantification
requiresometechnicalskills

Theinabilityofthepresentbiochemicaltest
methodstoprovideclearinformationonthedegree
ofresistanceandthespectrumofcrossresistance
mandatesthatconventionalbioassaysdetermi
nationofcompletedoseresponselinesdiagnostic
dosetestsbepreserved

ItisexpectedthatbiochemicaltestsFPEst
testMTEsttestwillbeemployedinconjunction
withelectrophoresistoidentifythemechanismof
resistancepresentandsubsequentlytomonitorthe
frequencyofresistantindividualsinthepopulation
Periodicbioassaytestswillprovideinformationon
thelevelofresistancepresentandonthespectrum
ofcrossresistance

Itisalsoexpectedthateventuallyabatteryof
diagnostictestsusingbiochemicalapproacheswill
bedevelopedsothatthehomogenateofsingle
insectscanbetestedforeachoftheknown
mechanismsofresistance

Dotblotimmunoassaysappeartobeat
presentthemostdifficultonestointroducedueto
theproblemofobtaininglargequantitiesof
antibodiesofgoodqualityforbothesterasesAand
BBecauseoftheverylowlikelihoodthat
immunoassaywillbeappliedasadiagnostictool










































